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A Network-Level Green Energy-Saving Mechanism for Backbone Networks
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Abstract: Recently, the world-wide huge energy consumption of Internet has incurred a sustained attention, and energy saving has
turned into one of the hot issues in the upcoming future networks in the past few years. A network-level green energy-saving mechanism
over the backbone networks is proposed in the paper: for one thing, in the global view, a Smallest Remaining Capacity First (SRCF) based
green routing algorithm is used to plan the global routing paths in the networks, which makes the number of the bundled links powered
minimum and thus realizes the first step of energy saving; for another, in the local view, a Green-Best Fit Deceasing (G-BFD) algorithm is
used to gather traffic loads flowing through a bundled link to the smallest set of physical links, which enables the physical links powered
off as much as possible and thus implements the further energy saving. In addition to saving energy, our proposed mechanism pays
attention to guaranteeing the user’s requirements on Quality of Service (QoS), that is, the mechanism maximizes the benefits of energy
saving under the premise of providing QoS guarantee. In order to evaluate the proposed mechanism in the paper comprehensively, the
topologies of three typical backbone networks, namely CERNET2, GéANT and INTERNET?2, are chosen. Under the different traffic status

of high load, medium load and low load, our proposed mechanism is compared with the other three energy-saving mechanisms with regard
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to network power consumption and network performance (as for average routing hops, the number of physical links powered off, routing
success rate and running time) and further we analyze the differences fully among them. The results of simulation indicate our proposed
mechanism has a remarkable energy saving effect and a satisfactory performance.

Key words: network-level energy saving; bundled links; QoS; green bin packing problem; backbone networks
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Fig.3 Link structure
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Route, , ROUTE < ROUTE U {Route,} ;
19: END IF
20: ELSE IF 5 {Route,, Route,,--,Route, |} ‘A HEE R Z K #H12 A H 1 % THEN
2L PEHL % 42,12 N Route, , ROUTE < ROUTE U {Route,} ;
22: ELSE
23: M5 {Route,,Route,,--,Route,_,} 11 # & 5 % 11 JL 2k B A2 P BEHLEEL 1
%.,ic N Route, , ROUTE < ROUTE U {Route,} ;
24: END IF
25: END IF
26: ELSE
27 1% #6424 Route, , ROUTE < ROUTE U {Route,} ;
28: END IF
29: END IF
30: EMAE G, ..., T Route, #I& #5742 A R 25 B (B demand, K /1), 18 B M ST ()
MEEN G, ss
31: END FOR

32: RETURN ROUTE .
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B, BEATHI K NG5 R sizeilj, size,-jz-, e, sizel AU 4 HT AT A& BN acl;, acﬁ, T acf/-v 1) N 2% P H14E B ok

i

i

AN AU T SR, 2% 4 HE B A Y I T SRS RN S R R I i R I 1 R 2, E b SR E DA
LR AFALAT P AL VLB 1R H N fi /N (K993 BUARE DT 58 Soly,,

FATAT LR b3 il SR A e g Ay BRI AR IRAT, x BUE D 1 800 0 ) R BB S 1 |2
A T IERR, yi BUEN 1800 73 B FOR TR TR demand;; 7& 134870 Be W) BLBERE [ 7KL

j

min N(xij)=2x;'- (6)
u=1

Zsize;fxy;’,vﬁac;xx.". ‘v’ue{l,Z,---,nj} (7)

ij »
v=l1

n;

v =Lwve{l2 0} (8)

u=1
x; € {0,1}, Yue {1,2,-~-,nj} 9)
yi e{01},vve{l,2,-,n}  (10)
B TR A 1) B2 — AN SR NP X i) B, 1% o RAS A7 72 7E 22 10 I 1] Py SRS RS A A 1) B0 TR I AT 8ot
—Fh A KRB ——S (0 % 7 5 4 3& N (Green-Best Fit Deceasing,G-BFD) &L 45 H 3k 17 3K .
MRS EE R BL, (i, j e (L2 V|, i# ) M n NIRRT K demand) (v e {1,2,-,n} ), 1 H
G-BFD SIA It 73 WLAR TR TT 5 Soly,, JEONAURSINSEL 2 i,

®%2. G-BFD #Hik.

N BL;, demand;, demand;, =+, demand, size,.lj ,size; ), size) ,aci'j, ac;, sy oac .
fith: Sol,, .

L B4 Sol, « O,

20 X demand) (v € {1,2,,n) ) MWK NN FEFHEF] AL A2 : demand]™ . demand™
demand ;™ 15 24 B ELFF 4 YWD BB, 16 T FEL 28 BN B KT B T2y A« e e
VN l;;wive,,“ ’;I% % ﬁﬁﬂiﬂ:ﬁ E‘]%Eﬂ%&ﬁ%jﬁﬁ%}%d\ %Uj(}l_}-‘?#ﬁ”; ﬁU,iﬂﬂﬂ A;Iceping . l;le?pin& . Z;Ieeping2 .

lxleeping,,r .
ij >

3 FOR demand;™ (v=1;v<n;v++)DO

4 IF ELFF i O P ERAGE i 1 1 ELAS R 249 24 B AUIE 75 3R demand™  THEN

> MK Ageerne P 254K B 2 4 demand ™ 119 55— AW BLREBG TN 17" 45 %) BLBE B
N Az o 5 A demand ™ 4 TE %5 %400 BB B I 4 41 HL ) 4% T P 2 A4 3L N )
A PR B, Soly, < Soly, V{1 < demand;™ | ;

6: ELSE

7:

M At e L 74K B 55400 demand ™ {55 — VB BB, 19 1 A% TSR 4
WO ) B B R %W BBE 00 TT R A B % B 7R W A HE R R G

H, Soly, <« Soly, {l;rm‘“ <« demand ;" } ;



8: END IF
9:  END FOR
10: RETURN Sol,, .

4 HESISHHIEE

N T LT O AR SCHR ¥ SRCF-G ML (7E 42 R AL B T R A SRCF BEIEE BAA /NI R 75 B 1N AR
BT i 7 R, 1 78 R A R 1934 P36 G-BFD A AT W/ 40 L), AR B R 5 By 78 DhFEFI Pk
e T 1 HEAT X)L,

SPT LI AE 4 Jm M & T LAII#EVE il AY B % H SPT(Shortest Path Tree)R ik th i i & 7 K, M &
E J S T 320 A R ) 23 TR 2 B L PR (R B2 i R 10 0k ) S B AR A B T,

SPT-G ML 7E 4 AL E T LLTh#E/E ML E KA SPT 5535 i B i & 75 R, T 78 = 3B 40 B R /32 9 38
{8 F G-BFD Sk 47 Ui & 43 .

SOPF HLifil:>RFH SOPF HykPk b BT 5 it & 7 oK, B 1 b V02 56 TR G0 i B R4 HH 10 e Rt — 25
OIS, AR AT LR

MSPF HL:3% ] MSPE-NF2(Multiple paths by Shortest Path First-Node First version 2)8:BY s fy i 4 i &
5 3K, TRIRE B T 12 00 2 2 T R g % s A B4 e 19, AT DLW G B ek AT LR

SRCF MLl £ 4= R A Bl T K i SRCF Bk A H A S /N 4% 25 1 1 B A2 B 1R P 6 W o s R T VR B 7 ) 30
FILEL I 20 1A 8 1) 3 T A AL ) (R 2 000 08 A ) SR A s 2 4 B ).

4.1 HEFERE

CA b B U7 3542 R 0 LR B N R AT 07 B SRR

T £ L & :CPU: Intel Quad-Core i5-4590 @ 3.30GHz, RAM: 4GB (DDR3, 1600MHz);

1 & 4t:Windows 7 professional 64bits;

K ~F 4 :Microsoft Visual Studio 2010;

TFRIES C+t.

4.2 HEHIESE

5 FL R R A = AN S g = W CERNET20(20 /N5 A F1 22 4585 #%) GEANTo(41 /N1 A 65 K BEH)
F1 INTERNET2a@(64 A5 i Fil 78 258 B HEAT I, dn B 4 s R AE 8 15 LR 2.

& O H S
| $4@ 1.9 Gbps
( — 10 Gbps
J —— 100 Gbps
| i~
& o W% .

12(.)5%7:; éﬁéﬁ—@i )
& i i% — %
A
g —
L Py
(a) CERNET2 4% $f (b) GEANT R 4% 4R 4

@ http://www.edu.cn/xxh/ji_shu_ju_le_bu/cernet2_lpv6/cernet2/
@ http://www.geant.org/Networks/Pan-European_network/Pages/GEANT _topology_map.aspx

@ https://www.internet2.edu/media/medialibrary/2015/08/04/NetworkMap_all.pdf
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Fig.4 Topology use-case diagram
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Table 2 Topology properties
F=2 hibE

JE CERNET2 GéANT INTERNET2
REPPEY 20 41 64
(HEZB) 55 i . 40 22 65 78
#8/NT 10Gbps H(HHER)4E 151 18 8 0
A K T%T 10Gbps H/NT 100Gbps (40 SE) 5% i % 4 30 0
78 K T4 T 100Gbps [(HRR) 5 8 4L 0 27 78

TR HIE 4 4T CERNET2 #1#1, % A # 5 W Aladdin & 05 B & 4L H T CEE £ o0 F GEANT
PN F1 INTERNET2 #4140, 5K F[35] R R 4L 9 T i B MG 4 e B R = AN R [A) B, = AR M0 Ak i & 6
BOPHEB BN 5 BiR.

2 z 2 ) A —————— S~ A~
B V\AV\/VW\/\\V\‘\I\\,MAF ——GEANT " ——GEANT -1 ——GeANT
§ INTERNET2 S0 NTERNET2Z INTERNET2
10 2
s 10
L. o= . szsgon 5
(a) TF& J\ﬂﬁﬂﬂl‘ (b) EPJ\ﬂZ??jUZI ()i B 3

Fig.5 Traffic track
K5 EHL
43 SHRE
%% FELRH 12000 2 91 B W0 B0 T0H (8 AT OB B 0 2 3 .
Table 3 Simulation parameters setting
xk3 ASHKE

ZH BUE ZH BUE ZH BUE
PR ARSI AE TR 100W W R EA S D ThFE 100W R R HH 4
B GIERCE -3 356W Th#TEOK 25 ¥ T #E 48W R EMZ&REHE 4
4
5

A5 L 51 B T 420W FELRTRR 4% 11 Dy FE 10W  Zk ERysn O8H
R EEA SRS EDFE  100W St A A I FE 26W e AN

O FIH T W45 S B RS, http://219.243.208.6/snmp/index.php

® Cisco XR 12000 Series and Cisco 12000 Series Routers.

http://www.cisco.com/c/en/us/products/routers/12000-series-routers/datasheet-listing.html
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2.96%.
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Fig.6 Comparisons on network power consumption
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Fig.7 Comparisons on average routing hops
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Fig.8 Comparisons on the number of physical links powered off
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Fig.9 Comparisons on routing success rate
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