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Abstract The reduction of network energy consumption and the building of green network have become key scientific
problems in academic and industrial research. All the existing energy efficiency schemes carry out researches on the
premise of knowing the traffic matrix,but it’s not easy to get real-time traffic data. Therefore, this paper studied how to
reduce the network energy consumption without knowing real-time traffic matrix,and presented an intra-domain energy
efficiency routing scheme based on network entropy. This scheme achieves energy efficiency by turning off the links in
network. Firstly,the link criticality model and the network entropy model are proposed. Then, the importance of all
links in the network is calculated according to the link criticality. Finally,the links in the network are turned off in turn

according to the importance of link and the network entropy model. The experimental results show that the proposed al-

gorithm does not introduce larger path stretch when reducing the energy consumption of network.
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Fig. 1 Network energy consumption provided by Vodafone

15 R TRRE S B A7 J5 ¥ JL P A0 o5 255 18 9 4% b Y
T . T LR R A SR A e AR AR 0 4% 9 46
oy 4 S 9T REASE AL AR5 o SR AR 2 B U 5 S SR A R O R )
R, 5 S R 3R oR IBCIE R A o SR i 2 R ATF T 3R
B 0 T IR IR0 S 97 5 O AR S — 1 R B AR R 2
TEARMELE LI S R 0 28 T LR e AR S0 B B
UnART A8 AN 5 2L U AR R AT T L OO 38 R 45 4 S5 R T
A PRI RE D 52 . AR SCHR AR T I 2640 B4 P S R
B 77 208 T Sleeping #8187 3k v FUi 250 A 4 HM 4548
BIRL A it B2 R 46 FR 4 92 I AL B o T A F A5 A AR T
AR BRI ES 2 WHE S THE, ATtk £ %
AL LT LA J7 T - 1) 32 T — Bl 2 T 0 4% 40 19 38009 5 BiE
AR AP 7 58 5 2) FESE T 0 2% v B I O R S 280 5 30 ) T o0 4%
PRS2 A 1 6% 1 R 119 A2 Ak I T AR IE I 45 1) TR RE . S
SRR B4R U5 2 AN AURT LR TE ) 2% f) 4 B L 38 AT LUK I 9
IR 25 HEFE

ASICHE T A SO P i ) AT T TR AR 5 5 2 Y
BT BAAHY AR R T 585 5 3 T AR R I AR SC Y 5
e B AT,

1 [ FE R

B2 Al DL — AN G= (VDR FoR, Hdb V B#Hh
BT EES.L MHNES., STMEPMTE KL e=
() € Lyl wle) =w(u,v) FRZBRM . X FR
ZEAERY RE T . X T 4% A B PSS A TR Y R w
vsspQuso) TR AT 200 1Y IR 8 I AR AL A &S

AR SCRF G (1 18] B8 AT LA 38 R < 45 5 — A ) % 4 Fh S5 4
G= (VL) , G fa] 7& 47 30F X 45 1k RE 1) i 42 T o 38 4ok 56 1) i fi » 1
B RE R KAk . IZ R DB LR R A

A RGNS R GOV E) R 4 P 6E Q

ik AR ES U

H A% : Maximize Zx (e)

FAt:L2U I H R=Q, Horp R A7 1 M 45 505

2 ik

AR SCHIFFE Y T 8 5 58 2 38 i ¢ P B B Ok 3k 2T e Y F
B o AT AT B — > 25 4 45 5 TR B B G A U

P4 B PERE AL AR 2 2 B — 2 AR BE RS2 M . PR B Tk i de il B
g DR LT WA T 2 1) 9 5% v i i ) o 07 0 S A I 9,
i JBE ek i B 10 R AR S0 R B R 0 4 O DT AR
2 5 PR B B O o PO 246 2 75 30 (455 T 5 0 SR P9 2% 3 R 45 3 O
Ln e ) 0BT 1) 2% 1) 44 B 7 7E T 2 32 R N
2.1 HERXEEER

Bt X TR 1) AR SR H ) 4 i O e R 468 28 A A0 ek i
B AR, AT LA T AOR R

B~ Bu . .. 11 1
I=ax g =g, T OGo  x.. %
1
X

For B N FE A B s B M1 B 40 40 B 1 A B0 B K
{E RN /IME s X A X i 73 A 26 5% 5 BE FE 1 5 K AA AR /D
o aCa€ [0, 1) AN HF . Al L4 il - B0 RE#E 72 1 45
R, M B aU0T UE I B I 7E 30 Fb o % 31 22 M L
N (4 BEFE B R Bk R R R B A R E L
HH T 19X 265 P R 8 52 el 7B R 78 AN IO 320 L G AT, i ke T i I
14 R E Dk 106 T Xt f7 2L . RE ARG A, B VA MR N 120K FE e . W
UL, It 7 B 5 A HRIE M 6 L 5 I BB RE 7 M G L B B Y 36
SRR B e O . BE BRI BT LR R N B(D =
> K(z,o,d),Ku,o,d):{l’ 1€ splomd.

e 0. else

e i A RO T 5 R AR - 38 0 Dijkstra 55k oR H R 45
F D v A% AT I R AR AR P O SR HE A T B A
TR B AR L IR G T Sk i T ke A S B AR R B
YR, M TE 55 8 4 25 500 %0 17 19 A B8
2.2 MERHER

EEXF IR 2) A 58 b X5 SR I 4% 1 e ) A R b 3 2
O AE A SR (R S SR S PR SRR, A
S P 0 254 ke i i 19 2% 9 P fE L AT LU R 3R

E:J§Id<i) * Ind (i)
Hop dO R R/

T R AT ST P 45 X — 2

1) 190 25 90 S — /1> 38 14 PR B

D MR e /MEN Enn=2% (n—2)In2;

DML R TR KAEN Enx=n* (n—DInln—1) ,.n=>2,

o £6% 4 K1 Ay 500 A8 Ak 08 PR 3R, T AR R 5 1 R T 4%
S FE R PR AR AR . PRI AR S A A v I 4500 Ol A i Y 4%
1) 3% 38 P

i v 45 08 T DL SE SCW

E—FE.n
E.— Euin

T T 2 o A ) 4% A 17— L

1DOKR<1;

2) s T T 265 05 ) 51T A A o ) 4% Y 37 3 T e R AT L i 22 Y
20 T2

H s 76 PO 28905 1) 2 2RI 0 SR I AT R R BB A
DR 2% 0 1B v, 50 ) IO % ) 3 PR BR AT . 22 G P B L A 2
TN T A R 2y T B0 46 7 SE M 0 T R et 235 e
ZHyPEne .

R=



78 i BN R

2019 4F

2.3 T #eE % EERSBNE

BV 1A T R R M BAT o B . B EERS-
BNE i%i A R RZ D G= (V,E) FI R 4 PEfiE 0. % i 6
IEE ARG UWUCL) . & BT R I AL B4R T B N 2% b i
A B B Y OG5 BE T HL e R T RS R HE T S 0 B B A %
BAF Qi (B SE 1 —347) s M R M B G W IR 1L =
B BER IR AR HE 0 CBRSE A—741), BT — R 5
PRI R . BRSO Sy 2 b, DA B 1 Sk B B — A4S o0
Ly I 442 5% e DA 9 2% T N Bk (B985 9 — 10 A7) . SR 5 FI W it
I F18y 190 0% 2 A5 322 3, 7 AN 3 0 )4 9 e R A A B I 4%
CRVESE 20 17) 5 2 ML IO % 2 4 8 1Y), 0D 3T B D 46 . 5 X1
L5 IR T 1 B AR R | WDKE 12 B B 30T 40 A B0 I 2% v 5 35 T 4%
S0 v T B A U0 T N R B 0 A (R AR 12— 18
1) . IR th S B e 6 U UC LU 2317).,
#3% 1 EERSBNE &4
Input: M #Th G=(V,E), MM fE Q
Output: X %4 UUCL)
VT 4% v T A B 0 6 e T
. R T B Ot B T i B R AT R Y HE S
RN IS I BE AR TE LS Q
1. U<
VBRI AR AR E R R R
.R'<R

w N =

wl

o)

7.L'<L

8. While Q A4% do

9. MBS Q PHULE—ITE |
10. G'=.L'—D

11.  If IsConnect(G") then

12. AW A E

13. If R"=Q then
14. L'<—L'—1
15. U<UUl
16. else

17. G'=(v,LD
18. EndIf

19. else

20. G'=(v,LD
21.  Endl

22, EndWhile

23. Return U

2.4 EREM

T 138 A — A0 >k 156 B 57k EERSBNE (9 #4738 2
TE%W T B a=0.5.0=0.5R, B 1 FER—PEF 41D
T RUR 4 S £ NS R L B R i AL A TR BT
Hop 8 — AT RN Z B AR 54— DN RTF R IR
REAE. ARG 2.1 e A A AT, 9 45 b B 8 0 A B0
WA Blase)=4,BCa,b)=3,B(c,d)=3,B(b,d)=2, M4
FREE BRI S S BN TCano) =0.5 % (1+1)=1,1(a,b) =
0.5%(0.5+1)=0.75,1(c,d)=0.5 % (0.54+0)=0.25,1(b,
d)=0.5% (0.5+1/3)=0.17, WA MM %R R=

E—FE..  8ln2—4In2 S e S e e
o SO AINT g, R 2 X

/NS FE by d) B, X5 RE A 465 R =0, U2 Y 45 R g ¢
VAT {5 3

K2 g 4h b
Fig. 2 Network topology

2.5 HEifie

A% SCH S B T AR A v U RS T LR
MAAAATRIR, YRAEPRX TR FENE -G8
2% 7E L H A% E AT EERSBNE, 24 3% 4> 45 207 R,
A S AT TE 4T EERSBNE, JF484 He e, B ik, AR S
BIETT LR A SDNU AR SIEL, Bk 18 17 15 hadiE &
FePE T KW REE 1 AT IZAT R T 5 R 4% v JiT A I 1 DG
HEEERE R I VIOAVIgIVIFHIED ., Hil5EE1
B 1—TATMERIERE R VIOV VI+IED., Bkl
%822 AT BIRE WTE XM N El — VI +1 &4 8. 5
5 A — A IS T B U O 4% ) LB BT IR 45 3
BB R OUVI+IED ., BB 1 e 8—22 /7T
BRENIEI—IVI+D « O VI+IED., 2Bk, AB%
EERSBNE i} Al 2 2 B [ VIOV gl VI+I[E]) +
(EI=IVI+D *OUVI+IED,

3 LI§

AR I ST 96 R MR bR . T e 4
8 5 BT TN AR I 45 L D BN R R R O B A Y A
Fa ZRIPRER,
3.1 XWHE

1) SE 5 3 b

R T VPG R R R L 815 S0 5 45 TN S T AL ZER
) 1 F 45 4 AT AL b S B 3k 1 T,

R OLRMA IS

Table 1 Network topology used in experiment

19 % 4 4 SEHE 3 &
Abilene 11 14
TORONTO 25 55
USLD 28 45
Exodus 79 147
Tiscali 161 328
Sprint 315 972

DL KR

h T LSS I 2% o ) R AE L SR SCHlk TP 2 B0k
BE B IREAE . AR AL KX R R REFE IR 2 BT,
BEAL B R T FE — A fH . AR R A w534,
HY T TR 30 o T 1 A5 B 4 AR BE O R Bk R L I B P A



52

g2 A BT IR £ 0 10 35 PN T RE I R T 79

FIE I T X N7 9 2R ) BE FECG B BE AL AR
F 2 LRAS R R Y REAE

Table 2 Line cards and their energy consumption
LA EA fit 4/ W
0C-3 60
0C-12 80
0C-48 140
0C-192 174

3.2 RWER

PSR 2 T B A R A A ST R Rk BT BE RN 5 A
ZRUE VIR SC BT 25 405 A0 8 5 B, PRLG 7E 2 30 vh FR ADoK
SRR X AN SEMATR LR MR R, T, P24
LU = [ 25 005 /00 4 D00 245 % . 5 BE L — I 4% BB /400 4 ) 4%
g,
.21 ATETAYRMGXR

R e A e I el S R | e s o el 11
KA. K 3= 5 2B IE T 4 &R L3 0.3,0.5,0. 8
I X 49 980 5 DA A BE 2 T AR 5K AR

035
—e— Abilene
—&— Exodus
—o— Tiscali
030 —#— Sprint
-~~~ TORONTO
-+ USLD
025 R,
- N
ES
E \
i 020 1Y
015 \
010

0 01 02 03 04 05 06 07 08 09 10

WHET
P03 2N LRy 0.3 IE IR Y BRI AR LR A O &

Fig. 3 Relationship between regulator and energy saving ratio when

network entropy ratio is 0. 3
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