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Abstract With a progressive increase of Internet traffic year by year, power consumption in the
Internet is rising at an alarming rate, and the consequent environmental problems, e. g. the
greenhouse effect caused by the surging carbon footprint and so on, have also aroused continuous
concerns on a global scale, which are more serious especially in the backbone network where the
aggregated traffic is transmitted. The oversupply principle for traditional Internet resources further
aggravates these severe situations. With regard to this situation, a component-level dynamic power-
aware energy-saving mechanism is devised over the backbone network in this paper. In the proposed
mechanism, firstly, the incoming traffic size of nodes is dynamically predicted for a short term; then
the fine-grained port number conversion algorithm is adopted to determine the number of ports to be
regulated; then the corresponding ports convert their power states according to the sleeping and
awakening rules; finally a novel hierarchical scheduling algorithm is devised to schedule the packets.
In the simulation, based on the real traffic distribution traces over three typical backbone networks,
we determine prediction parameters, test the proportionality of tracing load by power efficiency,
explore the impacts of adopting different prediction time slot series and the different number of traffic
load counters on the accuracy of load prediction, analyze the impacts of overestimation error and
underestimation error of traffic load prediction that might appear on power consumption and discuss
the tradeoff between power efficiency and actual performance in different application scenarios. Results
demonstrate that the component-level power control mechanism proposed in the paper can control the
power consumption of each network component dynamically and proportionally with a fine granularity

and has a significantly energy-saving benefit.
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Table 1 Forwarding Table Based on Port Groups
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N < U V=gt pd —RY XN;cJ.
N R! =R} ’

else if (RV—RY)X(N", ,—NY)<

gl i i pij ij
‘Ar pi.—pos—RY XN, then
ij ij . ij
N <N, ;—Ni;
else
ij . ijo_ ijo_ ij ij
oo ‘Az ‘ His ™ Hos Ry XN,
Nsl R,‘j *RU ’
-~ 3 1
ij ij _ ij
NH<N/" ;=N
end if
end if

NG N ENL AN A NL =N

1ss ?
end if

end if

return NZX,.

RS HI LR

it B R IR — RS o 1, 0 A 2
T e — SR I 1B AR Oy T AR K Y T RE
W s I D N ) QoS B Ak DL K ik b i A i
FR A A A ] A3 i, IO T2 A gl A B sy 1R
TE1) A 7 g Pt 1A IR 22 TR 00 %6 D7) 46 DA R AE AN ) 8 22
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Ti) 41 U0 46 (8 175 L. A A SC G S A AR G i R A
B0 3 AR 1 A g SORH N 4 R0
3.4.1 PR R R TR B

TEX 8. RIRFLIN. AR GYERTBR  — 1 I
g A Port,"j,l_,ﬂl s Port/ s+ Port) |, XF
a RS R PIE R TE SRS FF L /R ¢, o2,
ot SR SEEBGH I { Port, . |t,, =max(z, ,
Lo, seesty, ) A9 T EATPRHR.

R 9. WAL B G LEIHR (— 1 K IR
1 i N Por[fj,lw ,13(»’/,["’;1,,‘5_2 , "',Porl,["j,lyl.s” JRE
PR (4 3t 2y Pf)i’tfil,;dl Port] |, e ’P""’fzijflvi(.“ ’
Xof L g IR 2 2 TPl St TR 2 ARBIR KR 2 ) oy 2
Ly svraty s IRJZRIRFFLERT IR 14 o2a, 505ty »
D% T 3 2 AR B G S 3 B AL { Pore) . e, =
ceL ) I I AT IR 3T IR K
MRALSE 3 B AL (Pore)”,,, [a, = maxCey, vta, s 000
tq, ) RSt T AT R TR

ARCHIR: e P 4 i B R 1) T AR 432 2 A BB

1) Felok 7 e SR H Y s 1145 T A 4 i
SE W LA bR 285 o 171 5 S R A DA IR e JEE 458 A 1A B g o
AR A i 1177 2L 2 DA

2) % T [l AR A v 11 AR A DA HIR /g [ L D), 2L
ARAS HR AR / g i iy 11 2L v 7 WO 2 3 11, IF 1) 98 2 5
SEFNAR N B 9 1R AR 15 4.
3.4.2 RPN TR

TE X 10, BRI AR G FERTBR c —1 &b
TR m E‘Jﬁﬁ”ﬁlﬂﬂﬂPart;j,]%] ,Port;‘j,],,vm sttty
Port? .. HISH RIS e o i 5t 00 B I 4
NN Lo sty oo sty s WIAE Y HTAL T3 A E G m 1Y
Sty R o6 8 SO AL { Pore)” Tt = max (2,
Loy s st ) ) IS FTHEAT ORI 4e,

ORI B TAES N 2 BB

D) WOk A P SRS B s 80 I8 R AE 4 L
S IR JL o 328 248 o 11 75 A7 A8 08 57 44 DA S B b
R v 1 5 2L R 22 DA

2) X T [ Ao AR i 1 AR A R, B
ARAT H 8 7 i 112 v g IR R sy 1Y B e R T )
VA BE 5 5 RRH L 4 i 11T i AR 4 4
3.5 FESIE

Ry T sk G B — R G S 2R BA IR B2 3301k (priority
queuing, PQ) AJ & i 3 AR L 6 2 BA 5“1k S8 B4
DL B — SR )56 90 28 5wk Cln %8 30 9 B2 (round
robin, RR) IALEE ] 5 £ (weighted round robin,

max(t sy, 5

WRR) . 25 F AL 11 98 BE (deficit weighted round
robin, DWRR)) Al 88 Hi # 19 Jg i % 438 | £ 5 F1 %
i1, 38 S ORI DG B 4 4 4 AR O 2 SR PR IE 1Y [ R, O
2 PR [) 1 0 e A g UEE B 0 I 3 S T 1)
1B 33 4% % 1 2 S HEBA (fair queuing, FQ)ZSIH &
EAE ZE L) A ST 5 it h 2 i 17—
P2 U B2 55 1 PDL(PQ-DDWRR-LRMDTF). &
MIBASI T 2 KRB M1 A PQ BRI FN m 4B Sk
FIM AR 18 I8 B (dynamic deficit weighted round
robin, DDWRR) B\, H PQ BAFIARSE 2 & T AT A7
DDWRR BASI. HUA 4 PQ BAF A 1) BT A 73 21 4F 4
B 58 B, A4 %t DDWRR BA 51 o 1) 43 41 3k 47
B I HP A Z ) 24t b =, DLl OR s T i 3
K 1 B 24 A AT LA v P S O

E X 11. RMDT (remaining maximum delay
time) X F AT BB A B -4 packet, » B
FEXF L S B ¢y pe, o 3%l 26 B f fo 9F
AU RIEIR A delay v, » EEE I 456 2 28 2 i 7Y
RO AR IEIR B E] N delay, W2 K 5 4 B
FRVF I ) 4 fe K AE IR B (5] RMDT 25 delay o —
delay,.

PQ BA % f1 & 4~ DDWRR BA 31 ¥ 5% H 5 /b
RMDT 5 (least RMDT first) Xt 43 41 i 47 #E )
RMDT f5e/IN 1 43 20 HETE 7 78 BA 3 14 5 i T 40 32 5
AR BRSPS BN o AT AR PR AT A
It BLAE 2 Bl BRI B 3 R 88 R ARG & 20 L B IE
TEAE B 14 73 2 B E B A B R - 4L RMDT /),
AN A T B AY 43 20 T2 B Y S 2H Ak B 58
IS5 AR BT K 0 3 213K RE BT 0 DR R S T
B [ o A1) PN 308 ) At oty X0 R i 8 g A ) 48 i
) BT S W G A L — i ), n 2R B /7 DDWRR BA
SR AETE /N T PQ BASI AR RMDT #7341, W 1%
Gre RMDT K/ KA 2 PQ BASIAH AL & LAY
158 A1 2 A

WA B AR B B AR o TTU-T Y. 15415 i ¢
T QoS i ikl 4y FE CLL K ITU-T Y. 12217
e Tl 55 & 24 (traffic contracts) YR 43 Fll € X,
Bl 4 R &% 28 (4l VoIP (voice over
Internet protocol), VTC (video teleconferencing) ,
IPTV (Internet protocol television)) . Vi 2§ (U0 ¥
& . VOD(video on demand)) 3¢ H. 2% (Il Web 1
] B B R 2R RN AT 52 28 (40 FTP (file transfer
protocoD) il Email) . AS [f] 28 78 43 21 75 1 /2 19 QoS &
BAPR AL 4 FioR
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Table 4 QoS Constraints Corresponding to Different Types of Packets
F4 TE%ES AT QoS 4%

QoS Parameter Conversational Class Streaming Class Interactive Class Background Class

Guaranteed Bandwidth Yes Yes No No
Delay Rigorously Limited Limited Loose Unlimited
Delay Jitter Rigorously Limited Limited Loose Unlimited

Low Error Rate No No Yes Yes
DSCP Value (PHB) High (EF,AF4,AF3) Relatively High (AF2) Relatively Low (AF1) Low (BE)

Note: PHB(per-hop-behavior) , EF (expedited forwarding) , AF (assured forwarding) , BE(best effort).

4 H P 25 00 AR 55 A0S 5 (differentiated services
code point, DSCP) 5 Bk17 A PHB A5 -5 4 fin &
§: %k EF 556 % AF4, AF3 5% AF2 {94 28 1,
A 8RN LA PQ BRI, AR S b B8 5 245 3 4 4
) PHB 24 AF1 5t BE B, ] iy 43 25 & 4 45 JL or s
4 35 11 41, %5 A T B 9 DDWRR BA51].DDWRR
BAF 22 [0 2R FH 2l 245 2% 7 A 10 5 =X A7 0 B L
A BRI A — A IR 1B AR (deficit counter, DC),
DC {H 2 7R B I S0V P8 B2 12 BA A (1 215 B8R B 4R
VLR BE B T SE 0 AR e R A AE 25 A B DC ok A
BAF | Uk 8 A% (9 DC B A2 24 Rif 45 H B 1153 B 15
FR T i 2 R U8 B 5 | AR U T 7] BT A A 25 BRI, TSR
15 BB B B 43 4 K /A K F DC A, W) DC B 3k
FMA AR I H U B 51 K %% 5 4 B
Ui 1 W0 AS BT BT DC AL, & 3 43 21 31 4 b i 11
B HIBNE 4320 K/ KT DC A A 1k 4 i 3 2 19
DC {8 20 2] 24 /i BAF T W 48 1) B 20 5% A 5]
e, M & DCHNE BT %R 0 T —IE 25 BA
B AT 1A

i PQ Queue (EF, AF4, AF3, AF2)
1

BARH A5 5 D DDWRR B #4942 = 0]
IS .

(SR

T T w0 (1) — Crq (1)

Hop,Cpo () FRIRETZ] ¢ 78 PQ BAF) W A 43 4 1)

BRI Crg, (DO FIREFZ] ¢ 75 PQ BAFI SR & T i

HZH G783 H KN bw i (0O FRRTER Z ¢ 15 55
v A TT IR AR B A0 BT 92 bwo 1 (O W HEE AR 3

b (1) = > ZR

Forb Wy BREE B% £, BOAL R RIS (O KBE PR ER
N 47 ) e A0 AL A 8] 4 A B K 6 of ey 4 il 15 4> ik
AT AR 14 20 25 8 4

25 LR  PDL JZ R B2 530k B R AR i A
K7 Bz, 4 8 5 1 358 aod 2R i PDL T2 Wi 2 5500k X
HEA I A BT A RO o 4 AT AN R S 2 9
JEE e ] LA R die R 2 W BSOHE 03 2 A e W O L T
IR B A B 2 B AR SRR X Rl A5 A [
I B 73 4L BT 5 9 QoS A1 kAR5 AR IIE.

link
ek

(t)) — Cpq; ()
X 100%, (16)

ik (1),

kIR

an

Queuel

~ I crvorey |,
__________________________ 1 1 I
If a Smaller RMDT than the Packet in PQ Queue Tail |~~~ DDWRR —: | l#ichassis 1#line card 1#port i
-------------------------- 1 N
'Queue I  DDWRR Queues (AF1, BE) | ! Scheduling | / !
| —_— i Engine 1 A !
) (LRMDTF) L, 1 i i i
Incoming Packets ! Queuel;lﬂ :\LA ;6‘ ~ Q ! o ! 2#chassis 6#line card 4#port |
S 1 1
~ IR —> Clssifier R w8 y 4 ! !
_— (LRMDTF) ———» © & ——— Scheduling ] !
! ~ IOER b \’\ / ! Engine . :
: 1 . | . N
i Queue j : ! } =t ! Output Packets | gl e el e i
1 1
i ! i
| I :

Fig. 7

-~ DNEEOE e |

________________________

Schematic diagram for PDL scheduling algorithm

# 7 PDL ¥4 B8 R E

4 HEXAEEGNFE

ASC UL T FEAE A 2% [ BAE AE 5 a5 R SR
SPT (shortest path tree) 2 % i & X7 i £ 75 3K 5 [A]

I F i AT 9 O R FH i 2 e P ML

FERL NI BF % R 15 BE 5 P RE 2 1] Y AL
7 LA R R G A T R 25 AR A TR 22 T H RO 114
I 20 500 5 00 0[] 391 P00 757 8 Fo000 o6 fy 2 L 5 BE A
PEBE RSN , i T3 289 iy B AR ML 1 5 A TR
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PE S FAT 5 AR T AL B R A7 X5 L 5 17 X6 T 52 el
il T 800 H A 3 AT B SCHER (32 ] b 42 1 B T g
HLHl BDTP(buffer dual-threshold policy) 4F & % H
BL AL T35 v 152w IXC 3R XU X AN [A]
FIR) U et 671 28 50 2 R R i A% i R S LT BB A
H XA PR UL AR LPT SRS 51 AT He HIL
BDTP ., B2 b ik 4y 216 g% 7] o L A 9 )= AR IR A O
JERBRR S » 24 T8 7 20 4% i g HEn] DSz B R AR )2
PRIROIR A 6 2o 01 15 BsF ) 2 hy TR J2 AR BROER 285
4.1 (HERE

A J7 AT LR BN

il 4Bl B CPU A Intel Quad-Core i5-4590 @
3.30 GHz,RAM # 4 GB(DDR3,1 600 MHz) ; #:{F
%%t Windows 7 professional 64 bits; JF &G R
Microsoft Visual Studio 2010; 7 £ F K C++.
42 FEHESE

T B BIR 3 A A8 iy & T W CERNET?2
(20 Y RLFN 22 ZRBERK) (GEANT (41 A5 50 65
ZHE O A INTERNET2(64 A5 g R 78 A% HE B
HWENGER I B 8 FoR , FRAEJE Rk 5 FoR.

Table S Topological Structure Properties
x5 WmiEE

Property CERNET2 GeéANT INTERNET?2
# nodes 20 41 64
# links<C10 Gbps 18 8 0
10 Gbps<< # links<C100 Gbps 4 30 0
# links=100 Gbps 0 27 78

Wi A4 X T CERNET2 4R 4b, 38 1 #0F M
Aladdin % o f5 BOF @ 38 U O8I0 30 [ 9] 45
PP T A T T P A O R A5 3 A T O
O3 AE K A2 HAF L% T GeANT #i#h Al INTERNET?2
D 2R SCHR 35 ] A $2 43k i) gt 45

BRI T B 4R L T A R N AR B 2Z (R
it RE AR HA R LM, AR SCEE BN 2016-04-10
2016-04-16 J[A] 4K 24 h ji & B3k,

[i) 309 700 000 K s . B LA 1 3 SR ML 2016-
02-28—2016-09-24 A K 4.00—5:00,14:00—15:00,
21:00—22:00 X 3 /™[] Bt 1) 3t 1 3

TR A, B T AE 4.4.5 1 5 3R U pE

@ BRI T R4 15 B M A S8 http://219.243.208.6/snmp/index. php

igj Core Router - - e
— 10 Gbps
2.5 Gbps —@

]
I

® Core Router
—— 1~9 Gbps
——10 Gbps
—100 Ggps

B
1

&
=

(b) GEANT topology

)l =
[ = %= & Core Router .
("3 = 8 = = =
- = 100 Gbps ; ) [
i: 66— = = q
p o ‘ 7 &= s = &
¥ . R \ ( L = T
[ P ] =
o= ‘ C Y Sl
\ ? N — 5
= . = 5 =
P & = )
[ = o S =
-~
( £ S
= o ' =

(c) INTERNET? topology

Fig. 8 Topology use-case diagram

K8 I

A L 5 st AT e T [ 300 50 00 4 4 4 =2 A0, H Ay 4% Ak
15 ELEE A0 B 30 0000 Bl A HLBR T 40404 W2
Hb, HAR AL 05 B 8 AT E .
4.3 SEMIZEMR/E

22 R 12000 251 #% th #5© 15 & 05 H1 bl
{14 Ty FE RN 45 1R L B 5 S8, W3R 6 BT .

@ 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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Table 6 Simulation Parameters Setting

x6 FESHKRE

Parameters Values
Base Power Consumption of a Chassis/W 100
Power Consumption of the Master Engine/ W 356
Power Consumption of the Scheduling Engine/ W 420
Power Consumption of a Replication Engine/ W 100
Power Consumption of a Forwarding Engine/ W 446
Power Consumption of the Power Amplifier/W 4.8
Power Consumption of an In-Line Amplifier/ W 10
Power Consumption of a Regenerator/ W 26
Power Consumption of the Pre-Amplifier/ W 4.8
Maximum Power Consumption of a Port/W 100
Base Power Consumption of a Port/W 40
The Number of Chassis in a Node 4
The Number of Line Cards in a Chassis 4
The Number of Ports in a Line Card 4
Bundled Size n;; 5
The Lower Threshold of LU in CPCM 0.3 glink
The Upper Threshold of LU in CPCM 0.7 X (/;}'J"k
Link Rate at Level 1 in CPCM 0.3 X link
Link Rate at Level 2 in CPCM 0.7 X link
Link Rate at Level 3 in CPCM 12X g link
The Upper Threshold of Port Buffer in BDTP 0.3 X 2 link
The Lower Threshold of Port Buffer in BDTP 0.7 X Alink
Low Link Rate in BDTP 0.3 glink
High Link Rate in BDTP 1X ink
Holding Time from S to S4 in BDTP/min 5
Correlation Coefficient between Power and Rate 3
Power Proportion Accommodation Coefficient 0.01

XFFHOMZE a1 s o BTBUA T ZAREA
IFi) Fr) 378 2 67 280OPR 150 3R A7 1 46, A SCHE 3 A S AL AR
FALA L (4:00—5:00) 13K (14:00—15:00) Al
1 A (21:00—22: 00) FEAF A B0 T XT3 28 240 (E
HEAT JR B AR SE R T, 43 ) 38 i =X (8) 5 (10)
KRS EL o« E, ZJ5 53 5 X (O 5 (1D K
RISHL B A, T 1R, XX 2 ASS8E T
BURE , [ 2 1) b UK AR B8 AN [R) 3 ) op %75 05004 T3
B B | e S U I RUTV ol i | 1 SN
R S E DR TIE I AT 43 21 5 2R I 45 10 T B JBUf8E > i
A IR fe /N BT X L T, A 1 R A

¥ bR J5 ¥, CERNET2 # b 8 2 BH 35 5
GeANT #ifhrr iy PF22 97 S LA S INTERNETZ 46 b

FP R DT 25 88 7 S FEAS A3 i S5 2 (traffic level, TL)
B BRI BTN S B0 B SR 7 TR

Table 7 Prediction Parameters Setting

®7 MNSHIRE

Node(Topology) TL a B Ipe/ms  Iops/ms
Low Load 5 5 3.4 125.8
Shenyang Mid Load 3 2 1.3 143
(CERNET2) 1@ o : :
High Load 2 2 0.4 5.6
Low Load 4 4 2.4 43.2
Denmark
Mid Load 2 3 0.8 6.4
(GeANT) i@ o
High Load 1 2 0.3 1.8
Low Load 3 4 1.3 10.4
Pittsburgh Mid Load 9 5 0.3 0.9
(INTERNET2) @ o ' '
High Load 1 2 0.1 0.1

4.4 ALHEE

R Y12~ 14 HEg Ik G b X o R Ao
2EIEIRANE Ry S B B A8 bR PP A8 SCHE Y 2 2 )
FEHLH CPCM.

EX 12. 1%L (power efficiency, PE). ¥ 4 i
FIEAT PR U 25 478 LA B ARG 3 5 g8 A R[] 55 45 9 S 2 #E 5
T AT 25 11035 2 5B 17 76 e K HR B S D FE Y
{ELAR Ay Ty 24 g 408K vy B 5 R

25000 I JE 8 AL T % A B A Y 2 N BE W S
B 20 ) 3 B B, B SIEBR A T 07 280 3 G BB R T
SUAL B AR U Al T 2 I DXk 4 9 R i
isF Ak 2 4 2, DT 1 282 o DR 0 T PR B T
BEXS DI RGHAT R B Z A 340 75 R G vl X 4 T A
AT R

EX 13, G2 X 7 R K Y11 2 &0 i 22
DR/ o 2 o RS B 19 A A FEAR O 22 o X ]
HGE X IR0 43 2 0 S5 R A IR )N

TE X 14, f5 22 G0 IR K B 43 A R 22 vh IX Y
F5e KN [R] (1] B Bk Ay e 22 SIE 3R, FH Of B8 i £ 4804 0K

AN A SCHE i 2k S [R1 4R B By 3 Ecs B 2
e B S F D0 0[] S5 9 000 0F 500 o A e 15 L A K
b A TR 22 R A 158 25 X5 45 14 9 Dy 4 AL il A s
441 HepTE

Fb A8 P R LA s ik T A0 i 17 48 A8 A ) SR 0 R
PLCIPA BT AL i 79 15 A8 T ). o BUAEL ) 1 D0 2
56 A BUIE P 21 A8 Ak, By 15 BRI 43 A KAk

TE X 15, 5 S BOR B A AR T R
FEY A SRR R ECR.

E X 16. ¥ HFFJ5 # (port opening ratio, POR).
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H 1 AP I e s R A R0 Ay LR Sk i
Ha %

TE X 17, LU B K i 1 R R B Y A R
BB 1 2 PEAR BEFR O LU

JANE 9 AT LA . 78 CPCM MLHI R 35 4 2 &k
i 1 i3 0 5% B T a1 28 0 A A i e
Fb ) 75 Ak o J0 X RASLAEE /N 14 4 L A P B 4 i
HL 3 5 0 42 ) 4% A48 A A B v] LA & B, CPCML AL 4l

100 =—=—8— 100

90 490
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30 130
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10f I 110
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Node Load Ratio/%
(a) Shenyang (CERNET2)
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mmm CPCM_PE {60 .
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3 BDTP PE 15y
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—m— BDTP POR |40

130
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I {10
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(b) Denmark (GEANT)

100 =% 8 100
90+ 490
80+ 180

L 470
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3 BDTP PE |5y
~ —e— CPCM_POR 4

—m— BDTP POR 140
{30

{20

I 110
= 0
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Node Load Ratio/%

(c) Pittsburgh (INTERNET?)

Fig. 9 Proportionality test
B9 Lo

51 ARESE 548 K I FE, 3 2 5 S8R s
ik 70 Yo RE AP RELERE 14 %0 ~20 % R Th &%t BE AT 0L,
CPCM L B 9% 4 45 Ui & 11 2% 22 Ak E 5 A 20 %
RN 3 TR ZS. T ZE BDTP HLEI T L 5 Sh e
R 2 A e T AR 25 S AR K AL B BR AR A 5 i 1
TE IR R AR AR N S R A UG T H
FF #2241 A B 2 FRAL Y B 2
S T2 R YR T O R G A I v 4 S ) PR I Rl
Ui 14 T S 0 0 3 10 O L A R B B il AR E T T I
BRIV 75 o T 2 418 20 4% O 11 22 1) e AH B 00 ST 1Y
BARGHE, TRETB T 2RO S EHHT
LNITTNDR: JIUNEIED N SIS 2 @) By €2 315 (i
4.4.2 ATRE 5 TR RE Z 18] By AU A

AT 2 R AR UE T BERIOCR AR B — & s 17
PR RE T NG AN FE P 22 0] A0 i 3 b 2% o AR S0k
T DAL d5 22 JE R 22 (6] A AU DL R T 3% 5 9% ol X oy
FH 5 22 (8] o AU

B10 SR 1 AR AN [R) 1Y 22w DX 1] 4k 1)
¢ RIS f 25 38 SR AUA 43 A DL R DS % v X
o7 A o3 A AT LA 23 B A 25 38R O FE A
1 22 (BB, B 8% 3R A5 76 BRI R 9 S| KIIAG I Z s
T SR G TR, B A% A4S L B Y A
WRZER 0, AL X B C1,G1,11 H £20.8 By &,
DIRGEE] 80 % LA b o H 5w 25 4B 3R % /b 30 ms, fiff A iX
FERY ¢ RE S LA R i 22 28 53R A A0 A 8 B T 880 e K
b3 T 75 5038 FH 76 78 B W RE 0 IR T UEA TS
ASURG R AR AR RE SR TR SR BRI AN, A X3 C2,
G2,12 W §<20.2 19 55, LA 28 o X400 25l 3, 5
X5 C1,G1,I11 A0, DR B F 50 %0, (H i 22
FEFR Y /INAT 35 2/3, RIV d5e 22 408 3R B i KRR B b 9/ ]S
R Ty 34 e /N Ak 33 I 0 38 T R B 21RE R A T
Z0 29 BT 6 R A BB R B R AR X C3,
G3,I3 i £€[0.6,0.7 18 s, X FE 1Y 52 AU 5
) I 0 R VBT AR R 1Y B 25 BB (LB 5 1 AP
> 50 %) , W RE RS — 8 19 17 RERICR (LU 2 1 A
B0 30200 PRI, A% SCH a8 R 35 20 00 5 i S 8¢
DA A — PR A 1 8 5 oK

E 10 38 AT RLA HY L 40 SR 48 F 3 i sh 3L =
B, W22 ph X o 2808 3G K, S 22 D 8K s/ X
PR A 2% o X b B gl oy 4 i RS B 8k 22 IE IR Y
WK YRR D i 22 IR S B, 28 v X R
K 9D PRI AT LS S Y b 22 X8
ZEIEIR,
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(c) Pittsburgh (INTERNET2)

Fig. 10 Tradeoff between energy saving and

performance

10 99 RE 5 1k RE 2 ] B R

4.4.3 s Ak TR 25 FURAG TH R 25 1 52 e

14 70 28 000 AR B A5 38 1 T 44 e O 5 S PR
()P R B 23 77 A s Al o s A 3

W R Al W R E AT S bR A BT
Z (Mg T AR B 1 B 88, AR T B AL, 1 i Re TR
AR TR B o AL XT 15 A A Ak FELPE B VA 52 ).

MR R A, W R E BT S PRy S
g T AR A O B 3L Gk 2 T BRI 43 4 AE
Gz v DX rb % S W 2R BT 5 30 A 2K e 2 A AR Y 4
L 2 ] fig T BOOE o 4 B AR 2 08 22 o X TR
HE DT 3 300 20 25 %, ™ B S Ry R 1 Ak B R

B 10 F g IX 8 C1,G1, 11 Ry ST LB E R
RAARAGTEE AR O, A RS T Dol 45 L (0 2

ZEFEIR P IGROEAL T W S PERE. X C2,G2, 12
oS AT LA R KA S Al AR WA T T Ak
T B0 B AR 25 9 R (98 N T AT AE £ T
(A% 0o R R U 5 S Al T AR L ARAG 3 0 & 2R TR TR

444 THECET 1B H XN A4 R e
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