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ABSTRACT

Nowadays the research of energy saving on the IP networks have been studied the various methods in many
research institutes. This paper suggests the energy saving method in IP networks which have the various energy
profiles, and analyzes its energy saving characteristics in detail. Especially this paper proposes the energy profile
based OSPF routing method which have the selectable weighted value in OSPF metric and energy consumption
in IP network. This paper analyzes the energy saving effects of the various situations to minimize the energy
consumption using the various weighted value on the proposed scheme. The results show that the energy saving
efficiency can get about 67% at in ingress input load p=0.5 by using random energy profiles in IP networks.
Although the number of hops is a slight increased due to routing the paths for the minimum energy consumption
in the algorithm of this method, the increment hop number is limited the mean 1.4 hops. This paper confirms
that the energy profile of core router has the large effects of energy saving than the energy profile of edge

router, and the proposed method has the excellent energy saving characteristics in IP networks.

B i 20159 eelseidistan ) ] A <lel] ofs) saE SR

¢ First Author : Hankuk University of Foreign Studies, Department of Electronics Engineering, yu-sik0310@nate.com, SH33]<¢]

°  Corresponding Author : Hankuk University of Foreign Studies, Department of Electronics Engineering, cmhan@hufs.ac.kr, %413]<1
=3 KICS2015-04-086, Received April 2, 2015; Revised June 9, 2015; Accepted July 7, 2015

1296



=/ Energy Profileel] 7]HFgt OSPF 2}-$-8 ulbA]e] ouz] Aok 54

I.M E

St a4 elqz] Aok 71 S8
ol4r & shrt. 53] vEH=Z 1A Fvt ZEh-
= o}7]|Elx]E o]-43} on-demand AB]x, EHFY ol
By, 3ol M| ~e] ¥F ISP(Internet service
providers)7} A|F3h= AH]~g] 7 507 Qls}e]
VBT 27} vhdo] AA|AL glet ool wE vlE
A=z eduz|e] A== FA3A S7kka gk
2005 i Bl AbdARe] olqA] AmlERE 14
TWh $121}, 2010619lli= 21 TWhE Z7181e) o]
23 Ak 2020dell= 2F 36 TWh 2 Eold 7
o7 of)Zsta il o]x7 T <lel o0 &
]l S7ER Qlal, lEdle] ofufA] Ane] 8 8
AR SASkA ik

T VEH A oA Aokl gt A= A|2=H]
AR gl ge] AT g e AAT 3
Zol|A] o] FoIz| 1 glr}. o5 IP VEYaE U
oy] gz ek AY HAEA] Wgel® E7sla
FA MEYZ )= H3 etz F2AA oA
£ &RA7|A glek ol VB A ot 2R 735
o= & TS PIHA| A ZAeE A A= vl
EfZ Hoplle] ofufA] &8 iAle TSH T8
gk A= 2 =i ok

E el BhE 2 HEE FAEE P VE
=] A 2wE Fo]7] 98] EPAR(Energy
Profile Aware Routing) HM3ell tls] =4S W31,
o x| Aok nhy-& 7 Eghch v ES A 4l wigt
U] Zzulel AHri= 2b9E 7ol awsksl= LSP
(Link State Packet)E °]-83P4, vlg] & 4= vk
71 & 5 ok

A el ofuz] ZRajel vdld gl 3l
wE} ofufA] RS Vel AR, thekit S
2 s g eyl AL o e
AS(Autonomous System)Z} o]E Alo] & 1=
Y] E2]=(backbone network) ® A=W, ASujel]
4= Dijkstra ¥38]E5E ©|83h= OSPF(Open
Shortest Path First) L2 &332 AFgsta e} & 1=
FollAE 7]22] OSPF -8l U EH = 4x12] ol
uA Z2ails uefsh eheE s =8igich 7]
2= upAlof| A Y|E$]=2] QoS(Quality of Service) &,
Aol Al A 55 A L olskE 2 &
T UEE 2hE H 20 SRS A e E A
3 3 2= 9le g,

2 =rolde 8a g xx9 A o] $ES Alg

=

(¢3

ste] WIE91=9] QosE A Fho= FA7h 7hest
a7, oUA] deof aate] s} 7hert whow 7t
tulo]xe]  ofulx]  Z2ujels  wesle]  SPT
(Shortest Path Tree)S Zh= WHHS- vehfz, = v+
e AAEskaat et TRl vz &8 5
s S8 MESZ Al olvA] A7t 2le-Eel
dadg A7l wARE depdth IRl
Energy Profilecl] 7]9FgF OSPF 2}--¥] ukale] k]
& vebich VAol = 2 o] S-S AlAIEE
7] 918l AlEHlo] S 53t Energy Ao 54 2 1
AR HrRIcE VAl ZA2s derh

. ZHoiT

2.1 Energy Aware Routing(EAR) 2 o7

IP UEH A oA Aoks 913k gF Wikl =
22ke] oux] ZEsels o]83F EAR(Energy
Aware Routing) Hlel 38t od+= de] F8=2
QIR EAR A vlEY =7} 22K E) 9] ofy]
A ZEae i ek s, 2ol o] &
A odA masele sAel ol paje] P
A, 5 FF2 Teek ool webd BAR
Al iz, 1P VIES]Z8] 7F e} ARshs ouX]
o] Fte] Havt H=E X3} TAlE kL o)
ol o] mhe oA 4w E H skl HA 2kg-
He allshe whe] Hatela, o] WojA|a
gich. =Pl 4l= DPRA (Dijkstra-based Power-
aware Routing Algorithm)2S- ©]83}] U] A&
FHasbehe WS Aldstar lek o] W= 2he-H
matric© 2 of|UX] AwgEs 7O R Fh= HellA] F
7} vk mhale), = el x] Adulgl whale 1P v E
Y24 anshe FollvA] 54 I T, o] &
A FE7F anshs U7t At HER 2k
She whelx|Rh, B =] FAS aEEA] L
it g o R 1P WlEZelA o] Hoke- ¢
WEH =7} A2l & Bl A it o3kt
=, W= =3 e H3E oi7] A= nhEelA &
= ofcke] NIC(Network Interface Card) 7}E7) A%
3= AURE AATlE B Z2EF g
A% = I il o)} o] ofufx] Aok 9
3 chekgt WRe] A=A otk

- =2 OSPF Z2EZo||4] 7]E2] matricol] T
3| olUA] Aweks wefsh 2o whel e A
gt o5 F3 1P vEH=ZI} Ansle ouA7h
FH sl =% gtk o] Af ZAE ARl Ve W

1297



The Journal of Korean Institute of Communications and Information Sciences ’15-07 Vol.40 No.07

el vlsll 25 S7F AR, 25 2 o] Z2A
A e 3 & o FAE EA s Aew ikt
%D‘r. 53] £ WA 7)E vlES 22 2h9Ee] 54

aestar, 2k o] 7 gl Adoldt o] =
ijr" < 7P Qe SAE 7AW, A' Aeldt
7EEAE 7P = Slek o] W82 el AHAIS]
v gk

2.2 WERA 4X}e| Energy Profile £

UIEHZ 22} aidhs oflufA] 2Rl 2 vk
Sl B2 D 5 AT, 2AHE, S B Do
7HiIAlE §iE Fslel wet 27} £Rshe ofuf#]
k& el o] Ab kAol AAAolek o}
2}4] Energy Profile(EP)-2 {13 -3l <=2 vie}
W, A 7led o 7hsAe] sl 24 ellvA] =
2vlel welg FapddWod A e a7 19
vellic), dubdo g oux] Zzulel
I Ag, FeAeR AnEE 7[EAH

o

13 s
==
=

a
S|

y %
fr oo

R

1

Rl s B

oA EEjele okt 4w ny & 4 9)
:L% 19] Fh2Ee 2ol Qs Fajo]ud, A
So sl Aejeln, A £u Yo A
ﬁ} 3 Zholeh. 3, onfoft & 81 on A G4

)

o) AHE 2nsln, off Aol Ae AwslA] o
& walolth % g oA sws} Hojal Az
TAhs AS wek, oleldh Rl dESAL Sl

Hrol A\ xde| Agx 3 gictky B} &4, liner

wle ok el wesle] 2t oS 4
Wb ZS Wik AlA, cubic 2E->- DVS [ DFS
(Dynamic Voltage Scaling / Dynamlc Frequency
Scaling) 2} 712 ofU=] A3t 7|eg AMgsle] 7%l

09
0.3
07 4
06 -
05 4

0.4 4

0.3 -
cubic

L
== linear
on/off

0.2 1

01 4

Energy consumption/Total energy consumption

= y=ax+h
0 - T T T T T T T T T
o 01 0.z 0.3 0.4 0.5 06 0.7 08 09 1
TrafficLoad

28 1. oA Zesel
Fig. 1. Energy profile model

1298

Q71EA] 88 ), sleeping = OJ]H R R EE|
ol i §1F Falell wel A AdA o o
UAE Awshs oot

b o @ VES T A9 oufr] Al Ene
w3}, 2%, ARl F4(Qos) A wiel WA
ol ejEghct. o7 E s} 940114_ oJa] 84
o8 ol Ameko] AAFCE T} B =RolA
= S A s] e, vIESE ke s
T?fMl upe} U E Amshed], 9] gt 4714
63 o shiz Z2sicly 7R

01n 8

. Energy Profile0f 7|8kt OSPF 2IRE!
HFA

3.1 2fPEe| 2Eby =

IP Y| ES|F= 2l9Ele) 2hee] 7hE dZ3k= &
A2 FA=e] gtk dubd o= eE Fxe IF
243 271% IP over WDM HE| 2, =2]Z2l IP B%
2X]7} optical WDM UV|EQ|Z 2 i) wie] wlak

ol Z+ 1P 3= wAE WDM 3 2o ‘H% 1:}

IP %1% FZ(switch fabric) 2 Ao] F-E-2 IP
298 7)5S wusta 9l 2REle] Zo} HHo]
t}. NIC(Network Interface Card):= Z}9-Efel] o3t

___,i \___i., ___i _____ i _____________ i A -—- P Interface

IP Switch Fabric and
Control Part

IP Inlerlace

>

Cptical
e —» Optical Crossconnector

—

Ootical
Links

T2 2. IP over WDM T-29] 29
Fig. 2. Architecture of IP over WDM router



3=/ Energy Profileel] 7]4Fgt OSPF 2}-$-8 ubA]9] oufz] Aok &

o,

A IP H3] AEF 52 F8 7% Ttk
B =rellAes 1P 2903 72 Al =, 2k
Ele] Fo} BB} NIC 7hets AR R3] whE clof
gk Hele] oluA] 4] TS Zh=vly 7Pg
t} NICE E/O(Electric/Optic) % O/E(Optic
[Electric) 7]5% %3 OXC(Optical Cross
Connector)$} <=}, NIC 7F=+ optical 71 $1
o] 24 3ol A<d 4 ik

B =EellA= 1P VIES = A 2Alel 2heE
HIAE o83, vIEH =} Amsls ouA|E ok
sl 248 vk 7 kel JZob ¥ 2 NIC
7he HE 247} v ZEIds 7R glew,
NIC 7k=s= 504 e Aol S glem, A4
o oJg] 72| NIC 7k=% el Beof As) $x
ek

E =elAE =Y e BE, A9 2
Aol EYR offx] ZRadE Zherlal 7P,
olglgt BE2 oF AollA] A3l ofix] 2Rl ®
A Fo| shieta gk

[+

)

3.2 EP(Energy Profile) 7|2t OSPF 2}2El 2F
InEIES

duizl oz 1P W EY == Wik T = G(NV,L) =
I 9ok o371 N& == A3}, L2 3=9]
Algto]c}. 2198 H}Al>  AS(Autonomous System)
WellA == 7} SPT(Shortest Path Tree) A2 |3l
Dijkstra ¢85S o]43H= OSPF T2 EF-5 A%
3har glck olu) 1P vl E9 el siHE B Heh=
ingress®} egress ZFPE]Q] (s,d) oA k= 59 =
= dAleldll 32= B 2 Aol =
rge el FHA0i5) & B8 B £ A
7/ 2os e E(s)olA] FAA] 2=(d)E UEHT
5 B3 Ak

EPAR(Energy Profile Aware Routing) W12 4]
() Zo] vlES 0] Amshs Fix|7} el
7AERE 2hH stofof gch

minimize Z EPTI.,L(n) (D)

neN
o714 EP,LL(,L)TC_" x= pol 3Pt Lin)d
AR dhs oA E epdch o] WES|=Z o] &
2y BdEE 22)9] 274S ukEsitl 23)3 A
@)= vENA Hell] 7 3] 52 =9 4
2 xrh Aeshe $3S veRdch o)A

a,(0<a,8<1) = UEYZY QoS AL 1=
A717] $18) H30l 2= Egg H reo] A7 &
2o Algtshe A gholth

Z Fz‘,s}'d_ Z F}'Sz‘d

(i,j) € N? (j.i)e N?
Tsq Y (s,d)EN?i=s @
=31"Ty V(s,d)EN*i=d
0 V(s,d)EN%i=s,d

Z Ej’d:Lij(T)
(s,d)EN? 3
() v (i,j)EL

M F= N(T) < aN,(C) ViEN @

ni
nenN

AD)E D& HA 2L T 2oy
MIP(Mixed Integer Programming)ol] 2J&f & 4= ¢
A o) FH 4 oflulA] m FlelA 2heE) sl
2, o] Zevleds 483 OSPF k-1 WAt
Ael7b Qlek B =eldE A oA swsdt
OSPF -85 Aol a#ds}7] $)sl, SPT A4 Al
o A 4G F e 21] P2 m2E 9o
A S48 F7Iste] -84t a2l Ve =S
TS ShEel 7 71PEE A oA =2
TS A Qla, 7 kEE o] ko] 7 By
o) oA Zzalle Foldew selsa ckn
Py,

U ESZoflA] 91&EH (ingress®} egress H$E])ZH
Az 7z AR A, 2 = oY SHd, 2907
2 Ao S Aol o =l RSk 53] 7
eooflx] 7 Bl 4Rss oA} vee 7
FE oA 2ol o] 8ste] F Awshs v
EF ouR7) FHagl AR 2 d)

b B ol AR eheE Al kT o} ke
J Akelel IAE, Cost = A(5)9F 2] o] g
= EAAeE 74 ke st e = ] k5
= 2vigch
Costy; = Kyydisty;+ Ky f i (xij(o) +7y0) 5
+ KCNjfsw (‘Tj + Tsd) + Kz]'fmc (‘Tij(i) + Tsd) ®

714 dist; ;= 71E2] Dijkstra are]FellA]
= sk 3E j Apole] Ae] Wele] o3 3iEE o

1299



The Journal of Korean Institute of Communications and Information Sciences ’15-07 Vol.40 No.07

iy fm-(.,(xl.j(o))% EE oA = ji ale =
E 2] NIC 7}=°] &3 ¥ap} o o, z22lx

Frie(@jo) = == il == 2 Fehe = o
NIC 7k=2] 19 3P} oo o, ©-3F NIC 7}‘:—4
7] wegelet. f (z))= =5 jo] F3b} «

u =] 29A] B Fo} Fte] ofufA] M ‘/P
i) K K, K, K; K, =44 ¥ 6, ke
2 kgl 44E 7 NIC 7hs, = o] 2907
2 Fof el A 9] ellUfA] swkel| whE TEAE
veRdel 283 e ke el Azlska ol E
g Fha; +r, <1)olH, r,= MR ARe A
2o Ejeekelnt AG)lM WA K =1,K, =0,
K =0,K0y =02 3, 2(6)3 2] o] 7]
OSPF 2h¢-8 Wi} 3t

Costij = distij 6)

A(5)+= ingress BFE1S} egress BFFE] Alo]ell A
28 13} 00 MRS 2T Agakdn @ o, o
UAE eid 2aest Hah HES s el o
& wmjE Al sla) AST of WS /2
dist; 21l k2= 2] ¥ NICel|4] AR3far Q= ol
wRsh A = r el ool awm oS
23 elldA] (20 T o 2= 50 4 NIC
ol A= Bl el oJE] awE oA
fnic($ij(i)+r,sd) I3 kT jO] A9X] H Fof F
ol md oA £ (a;+r,) Hl?— arest
o, Cost, 7} el = j& A= olek 2 =
B e b Aelshs HEAQl oA xes
o 9ol wEAbAl] uiA] Zweke 7w ek 9)
o Apga

2 ulale A A13) & Al(4)2] «
_o,] LﬂE 4:3 E]ELE 2= EaHJJ l—v%}_xéz‘g—_oiu]
end-to-end #|<d3} 7l £ 87 5AS W= A
S olek Wbl A@elA Pze) A ol4F g2
Z+ 33 Yol 2% Ed¥ Sk 2@)dx 4 =
w9 Alge a2 AR} HE A & ek

23] Lij(C)%‘ Li(T)= 9= ije) A &
3t 9z ol Bz Sejziers ek A@)e]
NAOY % N(1) = i) ) A0e] St 2
Al i ok ehil, e )
A2l gere gae) 42 sl AAs ek

[

IP W ER] TN o7 2mg Hasksb] flsiA
£ 23), @2t A5 24& Hds] AAsk] vl
Ef]ZellA anse AA A7) HaslE es 3

Fgled, = UEYA QoSS W2 243
olr,]_

& =ellA] A|AIRE EP 7|ME OSPF 2h9-8 $are]
Z9] pseudo coded I3 3¢l Yfelicl 237 3004
27| 272 VESm BEEZ2AGWND), ¥ E &=
£ 2] B A== (1) =0,N,(7)=0, =

o] Z7] ellvA] ueF N(B) =0, BT AR F 5
]Vt(h):O, 7.']' Eo]i‘/] Z:]'Xj J] I~E GJSt,vj:’yi

gl o Z =3 9 o] Ho AREF] Algt
% o, 69} Dijkstra dB]EA  AREEE Al
Ky B By B, 2213 7 320) ol 225k
EP,(NIC ¥ /\HX] Fofe] 2} oA] Zzlel), 7+
ingress =h¢-E]2] §1¥ 3l pE HICL

2}l 194 ZF IR (Ingress Router) 2R-ElollA] <
= 53} pE o|-83}e] BE ER (Egress Router) 2H9-
B2 Febe 5 ARRICh o] RE EHow o
S AXE & = glan, AR vEE ARE &
ik 2kl 2004 Slele] IR 2Rl 24 A
£ 2] AzRE 2R 3604 2l 107]= §19]9
IR 2-E1e] Zb 7 ol disl] 2(5) 5 o]8% Dijkstra
FelEE FHAA ol 92 % o) B2
23R 9= A ARE 2, 7 AR Y 111‘57}
Al Afshs B oFS A% 283 7 e e

—

m

R

Initial condition : GIM L), L (D=no0 N, (T=0, N, (E)=0
M) =0 Cbs-t

Input: constant=e, 5, K ,, K, K, Hpp EF, input load p
L. Caleulate each r_; from input load p at each IRfingress router)

2. repeat for each IRlingzress router)

for each r_, {

o

4. run Dijlstra’s algorithm between s and d with a)s‘f..l,.
using eq.(5)

5. ﬂfL[D—*—r,‘:Jand\[IJ—'—rﬂia‘

. .mdmeL[TJ\[:ﬂ\[EJ on sd path

7. \_‘[hl + = node number of sd path hop
} -

8. else {

9. blocking of link L

10. go to line 4 '

11. until % IR(ingress router)

12. sum N (&), N (k)

J% 3. EP 7|k OSPF 298 4a2]&e] pseudo code
Fig. 3. Pseudo code of EP based OSPF routing algorithm



=3 Energy Profiles]] 7]415F OSPE 245-8] WhAle] oii#] Hdef =4

7} 2823 oluR| g} 2+ A 2o Bdt & 5 R
AR 2E|a ohE IR 2heE]e| tisl Sdgh
< F35ka, EE IR 2hE]olA] dYgicl. 1 Za) |
Ef=r}t 4ngt ovA] F2F E F 5ok § )
Alxkl e,

olAke] A elA B dyEES Fealols A
FollvR] rmeEka) A2 oIk Wt F 5] ARt

o s,

4.1 AlE8old 2H 3 2

B =Fo)4] A|9kg+ EP(Energy profile)” |4t OSPF
28 WA e o] Ao 548 Hrksk] sl L
49} 3ho] vEL IS 74 skdch

1ol 22¥ 4= edge ZFE]o|Z 23Hol|A]
44 === core 2FE ol sfHdgi) 7 edge BH9-E
+ ingressfegress BB 7155 gk}l 7 IR E}5E]
o Ql7}¥ ®al= RE ER hSE]R AdE) vlg
Ad=n, 7+ ER 2hElR AREs Fale] 3
IR 2h9El8] oY H3fe) 22X sloick o|u 29

A A@ NFA K, K, Ky Koy 24 @ 5
slow, sppale] olg s Ae] 27} 8 EAE

W3] $)s) @A) Hel o188 g o Hu)
A o F 072 APk 123 7} edge ==
o] sl def] Eefe] A7) E A48k, 29 19] o
U] Zealel wellg o]gslo] Al Bl it C
del= pdsislon, 74 29 dlojel= 531¢] A3}
e FFasisict vEYa el wel Asbke ok
o] Apo]7k glort Falgh Ao vpehd o o
S5k

BoEEelde] eur] AHep B4 7]1ES]

a2 4. YE= AEHeA =dd
Fig. 4. Network simulation model

ONJOFE %.ale] 1] olLix] oF 1] 8- 2)(6)3}
o] Upelz, & kel Agel] wel Peiae A
of B4e sl afs wlmsle] Zo1e B F 1
Cheplie,

E @l/offep - ZAppliedep

Y 0n/off,,

ES,; (%) = X100 (6)

4714 Onfoff, = ONJOFF mxe] o] s}
Q& o439 ] FolidA] Awekolud, Applied,, =
Al sk b oA sl Abgalsle
W) FouiA swers wi

42 EM EAM 9 T}

B 3ol 4] A|eksl EP 7]4F OSPF 2198 k]9
olz] Aok 548 Frlslr] $sl vl o] et
vlE] FHEE W A7IHA Bk

m IXE Cost; AXRFE W, 2 7o) st

w2 ofux] Aok BAJe] wsts #Agh

n 7} 2}$Ele] oyA] Zzulele] wE ofuix] A

oF BAJo] wislE HAgk) o] A% 7 2l
o rlokgt ofuix] Zeulel TEa v ES =
A E3H= olulz] Z2s)elo] EAshs 79l
el ApAIE] 2AF A3k

4.2.1 BiRE{| 71Ex| HlE #ajol| W2 ofl4x] H

of £

Cost; 5 A7) 213 712] metrie} oui#] 7}
FA A izt wlgo] 8w, olUA] 7= A(5)
o 7WeA] Ky Ko, Iy woTek o= ®3i 9 ®a
jell Al ZF NIC 7ks, = jo] 2914 9 0}
HelAe] AR sl wE Cost,; # 7HEA
5 vehlich 7ol e eluvA] Aot 545 sjet

a7] $19 & 13} o] Mgl

F 1. oA smskel wE rA vE
Table 1. Rate of weighted value for energy saving
evaluation

Metric Energy
Case ulg | Weight Weight
K K, L K,
(€8 1:4 1 1 2 1
?2) 1:6 1 1 4 1
3) 1:12 1 2 8 2
“) 1:18 1 3 12 3

1301



The Journal of Korean Institute of Communications and Information Sciences ’15-07 Vol.40 No.07

1S IZ~E Cost,; At Al A= metricT} oflv]
A zwae] A8 wlgolvl, 4 7p Aol ol
Cubic EP(Energy Profile)< 2h-9-Elel 28-3}oq o]
A Aot 545 F 7h S4E 2ARle L A
= 190 59k 18 6o vhebilch
a7 59 7}252 7} ingress BHPE1S] 4F s}
olm, A2 2(6)7 2] onfoff x| TRz}
o] awah oA E 7150z AiTe 3 golck 4
£ 2}pE]e] Fo} e oA 1w} 7t Bl=e]
NIC ollu#] Amwct Foka 7Pdsisich ol= & 1
i Bl ok = gl gy #hol =k 22|ar 29
A ) Ao} e Ae) fefo] W= A2 gl o)
2 e e e
23 5ol A gk stel e oA 4
of 542 Mdh= & o glek 2 o= A3l A
2 RS FHa oiAE avshs F2E 2] 1
ell, 7FeA gk stell o7t o] awe] Wsh=
712 ek, Tel} A2 § ol Wshe 13 6ol

s

€
& 90
53
G 85
£
80 -| .
g ——(1)1:4
E 75 ——(2)16
= (3)1:12
g 70 :
= ——(4)1:18
w
65
60 T T T T T |
02 03 04 05 06

Input Load (of each ingress router)

13 5. 7}EAM3}e]| mhE Cubic EPS] oui#] Aok 54
Fig. 5. Energy saving characteristics of Cubic EP model
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