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ABSTRACT

Ethernet is the most widely deployed access network protocol around the world. IEEE 802.3az WG released the EEE standard
based on LPI mode to improve the energy efficiency of Ethernet. This paper proposes improved adaptive power control mechanism
that can enhance energy-efficiency based on EEE from small Ethernet switch. The feature of this mechanism is that it predicts the
traffic characteristic of next cycle by measuring the amount of traffic flowing in during certain period and adjusts the optimal
threshold value to relevant traffic load. Performance evaluation results indicate that the proposed mechanism improves overall
performance compared to traditional mechanism, since it significantly reduces energy consumption rate, even though average packet
delay increases a little bit

B R =
Small Ethernet Switch, Adaptive Power Control Mechanism, IEEE 802.3az. Energy Efficient Ethernet
ATPE olH Ul 294, A&H Y Ao} w7 Y=, IEEE 802.3az, YA &&F o|tfyl

.M E YEY A Anle) oA AH] w3 AA Frlele >
Aotk wEbA Fo] HENA 9 4= YESZ &

A2 Qe ;o] MEQD FuIE Tgshel o o] tF ouA &N FU 5 e FA ALY
2 dudels A= 5 RHaME W Zzezd gd a7} 29 Aagw e
92 e AEBE A%Hom Frdn gon, Aol oy &2 &% olux E&H

MO n A FE S22 wando57 @nate.com) o WAIK XL FOy HE[o|C|of S &t 2ksklee @sunchon.ac.kr)
Xt 2012, 11, 20 AMAHEH)L A} - 2012, 02. 20 AR EH AR} - 2013, 03. 22

389



T AA-EA L E] = A AlgE AI3E

g AA g ZF 57k AFE E AGA
(11121031, TEfdl =]

Sl A=E avlshH, vl
o] JEYA AH] AFgoZ A3 uR] ARZFLS

% AEE AA)

X
of\
=
=2
fd
2
)

£l

o %
K
o©

rir

N
N
jincs
>
ol
=
(m
“2 M)
oY
N
it
_>l:4 ol
R
O o
=

jav)

=
firg
N
i
o rr
2
rO
[
fi
il
iy
o
=
T
T
ol
ol
i
re
)
N
e 2 g
PR R s

w2

e 2

=2

olfyld] g oux] &L Zo|luAl = FA

FR8 a1, 2010 99 LPI(Low Power Idle)
2to 2 FE FFoS Adsta, o] A|Y
A3 Ee Az Al Sz e 48 24
3 AE HGAo]
1815t 2 M o
o] tH71[8]. EEE

gk oluz}

=
54

o,
iy
i
offt

e,

to ¥

2z

oty

g

ox [f

£ 5

il o
o I

[

L)

ol

[t

fetl

2

Ll

[m N
e
My
%0

fir

=

N

T

ajx

rlr
o,
n)
=
10
ro,
o
=
o,
N
A
Iy

¢

|

o
nj
S
ko 5
ot
=2

N
)
> 2
oo
s
o =

= [ 2 g
=
|m

LA o s
2
e =
o o

T
T

of I

S o

A,
kol
o
o S
o
ox
>
fo e

=
N
N
E
=
re
i
NoAm e (m
=1
3l

L g
ok

5
tjo o rir
O O o o S T 1 R o > X

Ry
& he i
o

R
=2
2
ox =
X

[o i
ol 15
o L

rir i

e
= =
N
i
g|N
rlo N X
ofr
© N 8
ox
N E
r\l D
N &
g Jo 2L O
ox A
Lo o
2 16
—\“i 1

=

ol

o,
.

-

P R B o X ope L

o

TS o 2tk 273
EEE(Energy Efficient Ethernet)o] ti3F #& o3
Asta, 3FeAdE 5714 A% WAUSEY A
A3t o5 EYR AR ojtul 29X 9
AY Ao] MAYZEE Aottt} 43l A EY
HE B3 A 24E s, 53eA 4

>

ft o oo mo Mz
~
o rx X e

390

2$91A 9] YR &S T
7] $1siA Ak F7]0 wat ojrfull 291X ¢
Aol ON, OFF ej= usto] %
A3 (synchronized coalescing) WAYS
I oHE ATHI). o] W& duty cycle, ON )
OFF 4d) 717t 5 deires #4ds] A3t

e

e
N Ot XY

s 0 m
oftt
N

Q> i

N ki o T ox
do Eum jgi
= o ol e T o
N o X Lo
0 N o &
o _—
j& o= ug
Mo 2 N
ﬁ 2 = 2
= > o o ‘(13'111':
30 > o L
LR P
o >E%r5,m9
>
2 Ty
_&f,g
N -
o oL on
jjmgmm%
Oﬁ O
i
1>rmoﬁﬁr\
2 0
[0 ox [0 oo mo w2 m

N
o
2
i
offt o
N
>
i
o
82 = oy
%
°
il
rlo
=
o
i,
QO -
z
(@)
e

N
M
o,
2
N
N
@)
Z,
o
=
=
o

ox
u}

29
N

i
iy
ox

o N o of
c o
S
o Im
o*%
—
fuj
fu o2
rzﬂé
o
ek

ool )y N
offl
)
1>
oy M
Ry
=2

=2

=X o
°
o g
1o
o

)
LERR AL ON
(pktCount)7} SHAX S
2 ¢kar A%d A ON
togx EY Fa}s
S 94 gk olstz

} gHAIA olstd 5ol
#dste] OFF AEl= Holstd
Ao 2N oA 2uE £Y = Qi

o
[
ot
£
N
Lo
=

=
S
o
-l

=

= mio

fu
P
o

0%

P
i)
_O‘L
[a:2

Ll
3
25

2

_H
e

I~ mlo
Ao

I
=
& 50
)
2

e oo

A

N

Nioxl
o
ok

rir

o o
=
mO
o]
a
S
[y
=
g

U

Of

ON resert _OFF

TON T, pktCounti+=0, Start TON

(TON expired) and (max(pktCount) < thresh) R
1 Send Pause Notifications, TOFF—T5 Restart TOFF |

(TON expired) and (max(pktCount) > thresh)
2 phtCount=—0, Restart TON

'

TOFF expired
pktCount—0, Restart TON 3

A

a8 1 SV 28 AU REMEIASE

Fig. 1 FSM of synchronized coalescing Mechanism



AP ojeul 29 A oA s AE&A e Ao WAUS

B AL A8H B4 AF AR BA
e BN, 0B ENE 2 gyl 29149
oUA BEAS FHAL 5 UE H8H A Al
WANEE Askact

31 71€ €714 2% WAUEY £A4 4
AeH 714 2% dAYF g ddAT [9]
Algdold ZAits E4std vEd 22 ZAA

2
ol
ot
¥
%o,
°

m £
SHoox |m
[ I

2,

I o
Ju7)
T
o2
ol
ol
>
> i
o
ul
rlr
w2
o,
M
2
o
|
fetl
>
2
)

RS

o] g9 pktCount 7} SAAE %33}
UFDV] gAE59] pktCount #ke] wi$-
JA5S A&HA ON ZelE fFAsk= Aol
bl sk wE7 Feshh ws
pktCount 7} SHAIX] Ht}= :
pktCount Zke] @Al 243 u OFF AHEl

lo fo ok

AR, 4gs

T U (A

14
o

sl o] &ukE TRVl dig Hrie Hasjt.

=4, 18 H FEH Ao]EE A& A9l F9H
v EYY Fat FE AlelEE ¥, ouA &
Hlgo| AA F7tstA "tk 53] w2 threshold 4t
(1000 HlelE)S A&dS we dFie ON F7]
EoF AE3 R 7} threshold & Z33ic) whek
Al OFF = Zo|atA % ON 4HE A&

A HER 100%2] AUA AHES dERiL

o] A% XE Ae7} 4 ON Aeold, gAES
ZHkE AFEER it R A AA el
gk oolyx] H7k gve A9 7 & gtk =2

threshold (5000 Hlo|E)E &3 AP EY
a7t FE AolE2S xTsAl € u oux] &80
AR oz FrshA Avk ey 7o Ha Ao
2 ON JH9] 7]3te] Z7lg e &8t FAs A

2 el oAz )

= =

EAS Hat B %6}7} E‘ﬂ 832 10% o=
A a0l vEAA Hai diEor e #o
A B 520 dAEA G u] sl AW,
H2E &8 7HA A slrH11][12]. whebd Ege 5
Sp7F F R v w2 g7ke] EAdta, Ry
S Bk EAsteE 7bzke] gl disid
Ato]Zel} threshold #< A-&H o2 A= Ao
24E FrHtoRa HFit A7l AAS AdsA
Aot YA ow AuA aeds BAdoR itk

2 =oAE 5714 A AAUSAA A"
TARE S3A717] A FSiEE EdY SAE
#A438ko] threshold #h& -S4 02 A= /MAH
A A Ao WAUEFS Alok3tt

A7 FYEE B s 34, o8 E
& o 5719 EY EAS 4538t 89 E
g F-3loll A9 threshold g2 243t oux &
A4S PAATE Ao & dugE FH 574
o]

ot &

SR
e downPktCount :
¥+ EY &

o totalCount : ON 7] &<bol] A A
FoHEE EOY &

ON 7] &kl the Ja2

]%ALO]E}.
e Duty cycle (D) : E Alo]E2 2449 A
52t 7172 FolA ON AHe] H&S
o7 (1) & 53 2HHh
D = Tox / (Tox + Torr) (1)
529 ON AEje AZES ofma)

Toxn & & F7]

391



FRAAENLE 8 A ASA A3

fol

, 2~9x]9] YA &H|EH BHS FAE gl

Torr © OFF Aeje] A &EAIE YeER™, Torr 9

71242 100 msec 2 AA3H3, D 9o 7|EF

10% o]t}

o longTermRate @ 71420 #FHHol 9 F5
Ef¥ dFEEZA, k = (TON + TOFF) 71zt
Hit AFES vt k g2 A EHA 2
£ &3 #H#3} At

o shortTermRate @ 7140 #HJA ]
Efy AFEZA4, 44 (TON + TOFF) +7
orel it AEES vl

iR/
- i
I

e

el A Akek JlAE A8 Y Aol wlA
Y59 ON F7]olx 9] AlF- Ag34 S o337 2,

ON F7]0A HZ& FalslH HA & HAX
2 Agsta, $29 P39 EYY seEd A E
g 71E(totalCount) & 73413}, thg @AM =
TSW (Time Sliding Window) W< o] &3to] #<
e HFEY] WA, VA B ASES AN

=

TE

e AeiaE 7 Win_length £ o] E#Y
o] S|2EYE gt gty ghoEH, o] g

27]e wEt FY9Es B SAgke] tE2A FE
2 4 vk Win_length go]l A& Agoe &S 7]
el AES AT AownA FWae Efyd
e e gk gobd & AR Ao a4
o] 71 TCP E#fFo] tsire AAsx ¢
Win_length gko] & 7%l AA7)7+ Soke]
AEES SAsted vuy 4843 g& 4 F A
o, E3HAl EYY wgels gds gestn
X8 Ak w2749 AESE AA s, s
T AL 717 Skl AEES] W) FolE Fotet,
oE shuE Adidoez 71 7|7k Sk g E AdE
S FAdt0], o] & e Al wet FYHE E
g o] Ws} FolE A stk

shortTermRate, longTermRate 2
AAgkel BAel we} A2 threshold #ha A=A
sty B mAYSo A= shortTermRateE 7|80 &

28 SRS JF0 o HAES AT F,

ool Y A% AA] AFE threshold FO2
ARA T o ge AEEAL Fol 24u £9

392

longTermRate & FE Ato]& AFED * Y3 AF
E)7te] #Ale wel A2E FE AolF e Z2A
et o) g" g, B EFqXAE old tsiA

1#E 34 sttt Threshold 38 3387 9
o FAA #AAN #AA e EHE AEA
WHol o8 AewAs S HAIE o] FoiA ok
. ON Efelw7}  mimE™, WA
upPktCount ¢} downPktCount ¢ #tH%t3} threshold
ke FAlel wet OFF Jej2 o] %5 AA ¢
tf. vk FHoigke] threshold XRth AU Zow

OFF #71& #olatAl &1 ON JHE FA=S

o rir

oL

ot

eSS ARG 18 B2 4% OFF 7712
Ho|HES HsE AU OFF Jejol A e
A

2
=
N
)
fu
_O‘L
23
o
=
o [
4
]

V. 88 ©3 Mo HFHHEL ds =4

41 A&l 87

B o=RdA Aokd 484 AY Ao} vAUFEe
g e A BHS Bo FYadn, Al
Edold E& CSIM 20 AlEHOIEZE o]&3ayt
[14].

a3 2 Alg8olMd WES3 7=
Fig. 2 Simulation network configuration

¢

&
Moot
N,

AlEYolALS Yol 29Fd d4dE EE
e EYLe e Yaz wds)

Ay
i 1o

[¢]



TR OJEUl AYA A AAE A4 AE Aol wizYSE

gae) A7 2218 B EdY A5ES BUdty,
°]& %3] ON, OFF 4Hl Hol& AHES 23]
EZ FANYY A 242 A deilEE % 1
of Jepdich fA¥E EY el 1500n0] E2]
14E WS e Lokl LEXE wWEHL M5
lon, A4w Rojol W} P wFEL AHSE
= 23aYES FEsarh Asdt U Al 7HA
threshold (1000 vlo]E 1A ZL 5000 vlo|E 1A 7t
% EdZd we spagh Aeol dstel =7
ke 1% oA 30% 74A WSAIZIEA, o |qA] A
Hl &3 Gt gl Adel dis) FA skl ol i
3 HlaE FIYgrt
E 1. Alg#old majolel
Table 1. Simulation Parameter
ni2tolg AU
oyl &3 MEE 10 Gbps
Duty Cycle 10 %
Toff 100 msec
Ton 11.11 msec
a 10 %
Win_length 5 msec

)%— &8l A&, ON &H
00% A7} 424
Aifﬂfﬂ AIXTUEY} F23
A7} iﬂ]ﬂb 4z 7HY 8

ek °ﬂ 291217}
+ OFF %

_\1 rlr offl _1>'
4

=
HU
S
X
Zi
L

9 A *lgfil o
ON elol A 2a 27
SOl Ak A A 247t e,

—_u,om
t

= 100x(Aon + 0.1xAorr)/(Aox + Aorr) @

A FFlo] TAE Ty YEY
Fl=o] AdEE AIHEEH A9AE
AEE = 285HE NS

42 A EHolAd A3 4

a7 3 2 oyA ZHEel i AlEdeld At

224, o]AH9l %9 Al 7}A threshold Zkoll wh&
1&9] 2 =& Yehdth 71E 29X =

Hatol] A#Hglo]l 4 ON JHE FASER oy~
ZHlE0] 100% olth oluA] &&# <1 ot Ul #70|
A ol Al A= WEL A Fato] wef oA A&
Hgo] A5 Aygyoz ngsls F$E oud.
1o Threshold, & threshold o that 4584 2
= AgATe] Aol w9 FARE FolE& U
Ak AR AHjEe APATFHe thh =A e
W, 29l HadATe] A4 OFF ‘el A
AUy 4n7F AF Qe Ao Hggon E =

M= OFF dHolMe= 10% ddAE AHlsh=
Aoz Aejsgly] WEelTh B =RdA Ate 4
49l threshold g& 2= 245 e 99 &
sfell oial 4 thresholdol ] F4kshe 4% 1t
oAUA drlge] e Ao vhehgrh 53 o4
HES A Hid F3lQl 6710% TIHlA 71&E B
o) oA A¥l&E 265 % oA At WAVF
o oA 2m &L 23% 24, A F&o] 4R
e Aok gl
—+—Ideal Adaptive Threshold  —#—Low Thresheld  —#—High Thresheld

a8 3 ol X 2H[E(%)
Fig. 3 Power consumption(%)

aY 4 i g7 A Ao ek Algdlold Azt
e g zoltt. vk threshold ¢ 7Z$-7}
A lo] 714 BA wow, 53] EE R} §
&) 12% °]3% Aol F27F 3 ON &
g fFASER Fi A o] A9 0 o= eyt

o

393



o

SAAENLE =8 A8 A3E

Adaptive Threshold ~ —+—Low Threshold ~ —#—High Threshold

Average Packet Delay {msec)
w
B

Load(% of Capacity)

a2l 4 9 13l X 2d(msec)
Fig. 4 Average packet delay(msec)

Effg Fart 5% o]kl A-g-olle Atst #HAY
% A AL 448msec 24 =2 threshold
2 AAH 49458 msec)Hr} Hir o] vk A
o2 YeiEt. dAxs vEYZY Ht FQl
6710% T7tell e 4% thresholdE A4 3t -0
Hlg Fa 7 Aol ¥ =ANH Zpol= 2msec ©]
st2 ulg wug Aex EAMHrh EY Havt
150()%

Fheke Zolg ekl
o)

g,

b =Eel A Ak daelFel 7= WY
of HlsjAa Bt F AAL efgh FIMATIARE ol
A RS A ARATIRR AR e Hes
FIATE AR e

vi. 2 B

AHUL 7oz sk HA7 BErtel 2ey
o f#zow s vMENT Fule ASEEt 1%
e Ao we ouAe AHE 2 Hofiba

= FAolth webA] ;o] eheE B ohe o)y
I EUEIREE R A N RS

g2 ol h@ AU aE 2D 5 9
o

dHE By s &
Aato] g 719 EYY 54 331, Y E
T Bt H 29 threshold e ZATOZH o
U geAs NIt AlEdeld Wil 2%
ASEA Ayes B =RoA A¢te dagFEo] V)
& W HlsiA H R AL A FIHA7IA
Tk oouA] ANlES TS BARATIER ANk o R
Aes FIANTE Aoz BAdEL dA4 dHd E
Py EAS wdste] o8 By 2 g AlE
Holds Fdsta gJom, &5 2 mAYFe] TCP
ERA0] WAYF| vXE Gl ik o] &
a3ttt

Aol =

[1] M. Gupta and S. Singh, “Greening of the
Internet,” in Proc. ACM SIGCOMM, pp. 19 -
26. 2003.

2] AEE, s, ARE, o8, A a&A4
o Aulze Fd B 913 MAC Z2EF,
S A28 S = A, 39, 235, pp. 7478,
2008.

3] A&, “Ad hoc ¥4 AMNELZqA] &
& A9 vyAREd B3 A7, F=FAE
2183 =74, 64, 6%, pp. 809-814, 2011.

[4] K. W. Roth, F. Goldstein, and ]. Kleinman,
“Energy consumption by office and Tele-
communications equipment in commercial
buildings, Vol. 1,” 2002 NTIS, U. S. Depa-
rtment of Commerce.

[5] C. Gunaratne, K. Christensen, B. Nordman,
and S. Suen, “Reducing the energy con-
sumption in Ethernet with Adaptive Link Rate
(ALR),” IEEE Trans. Computers, Vol. 57, No.
4, pp. 448 - 461, 2008.

[o o



a7E oty 2gAA ARE AeA A Ao} MAYS

[6] K Christensen, P. Reviriego, et al,, "[EEE 802.
az: the road to energy efficient ethernet",
Communications Magazine, IEEE 48(11) : 50-56,
2010

[7] IEEE P802.3az, Energy Efficient Ethernet Task
Force, 2010.

[8] o1, &&A, a3, “uA &a&HA oy
Yl A 7§48 LRI Alo] wWiAYS”, d=2s
2183 =5-%|, 794, 5%, pp. 983-989, 2012.

[9] M. Mostowfi, K. Christensen, "Saving energy

in LAN switches: New methods of packet

coalescing for Energy Efficient Ethernet", Gre-
en Computing Conference and Workshops

(IGCQO), pp. 1-8, 2011.

AEA, o1, “eluA E&H] olHulelM

&2 3l coalescing ¥1E|E”, FHHAE

2188|5718k 3], 3¢9, 2011,

[11] A. Odlyzko, “Data Networks are Lightly
Utilized, and Will Stay That Way,” Review of
Network Economics, Vol. 2, No. 3, pp.
210-237, 2003.

[12] &8A, ©]4, “TCPE o] &3t oy &&3
QN oleul g daElE”, SmHAEAIs
3jFAstE 3, 39, 2011

[13] D. Clark, W. Fang, “Explicit Allocation of Best
Effort Packet Delivery Service”, ACM Tran-
saction on Networking, 1998.

[14] H. Schwetman, “CSIM19: A Powerful Tool for
Building System Models”, Proceedings of the
33rd Winter Simulation Conference, pp.
250-255, 2001.

[10

—_

MR 271

Z2d8i(Young-Hyeon Kim)

198550 Aldehsla AAbeAst &
S(e1Eh

1993 Aleaan ejasl AAEA
stah Zie1eHAD

1098 ~ 4] <=Aefekan ojeke) el eA))
s kol : oix] EgHal olriul, F4 LAN, %
B =912, wlolelso]

0| MZ2(Sung-Keun Lee)

1985 et Azl &4

(F3h

1987 wEfeheta oisksd Axlgst

I 24 @=HAh

1995 st o3k Akl Z9(Fshah

20043 ~2005% : UC Davis ZFel=sla} wws

19974 ~3A] skl Helw|clogslat wg

# o) o] &4l o]ty WN, HEjri]
o] 541, el QoS

I ZIZJin-Gwang Koh)

1082 Foldiel AFEE} &

hi ,\”

19971 Folehsta Z357Elg3at E5ie13h
1997:3~1998'3 Oregon State University. 7357E]2-3}5} |
S

20011 ~2002+ <AL AR 17

20051 ~20071 AL Fbest S, AkqidE
24

o

AlBol . REID/USN, dlo]el#jo], HAIA B

i

395



