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An On/Off Link Activation Method for Power Saving in Multipath Ethernet

MicHIHIRO KOIBUCHI,t TOMOHIRO OTSUKA, HIROKI MATSUTANI'
and HIDEHARU AMANO(1f

Power saving is required for modern PC clusters as well as the performance improvement. To
reduce the power consumption of Ethernet switches used in the clusters, this paper proposes
an on/off link method that activates and deactivates the links based on the traffic informa-
tion. The proposed method can renew a path without creating broadcast storms on various
topologies that include loops using the VLAN routing method, and the proposed method has
advantages in both simple host configuration and high portability. Evaluation results using
NAS Parallel Benchmarks show that the proposed method reduces the power consumption of

switches by up to 37% without performance degradation on a PC cluster.
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FIFZOR—PORKENZBETS. B—b - vy b EY
Vi, HMOBHET NA AL OFEEEBERI X 8B 20Ic, <0
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D RAVICBNTHNT S LB TEBZIL—F 1 F 7T
JZALIEDVTHIERENTVEY, L L, BELTRIEY
BT A2DIIE—HR2AS Y FR— B2 vy R XTI L,
MAC 7 FLAT—T7 IV EEHT 268N HS. LML, D
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THIELNTEE. 2Ok, MREEOREE 7 74—
T aViLhbRTRBRORERRIEL TS, LHL, VLAN
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JEMAC 7 FLAZBBL, ANINzR—Fr&BL LI
MAC 7 RLAF—T7)VICH8%$ 5. i, %85 MAC 7 FL
AZBRL, 7—7NVEEIVTEDT RLADIY FUAHS
MESIHEFARS. TV NUBEOOSEh S T5E, ALY
Fid VLAN AV NS TOBER— D5 T L—LEHN
TR (TNETTvT VT EMR), REMICTL—LIE
FESRRA MNEGET . TOFEHE MAC 7 RLADTY MY
13, SRR ML DRET L—LEZELLRICERENS
je¥b, DiRE 75y 574 V7R EDFICT L— LORHNER
ENBESICk5.

LAL, MAC 7 FLA%SE, VLAN N7 LTiibh
%. VLAN V=71 VT EZAVEHE, FRCERTER
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JVICHES R A S WVBRE N WRIENE L .
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FREFATERVYD, BEEDOAL Y FREDOEEHKE
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Time ZERICERET 5. ERICRETEAVIERRE
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5.
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(3) VLAN fHlc—ED%y hU—% (IP) 7 FLAZRLX,
VLAN HICHIADET AV BT 5L IC&KRA
DIRIEA VR T 2 —=AICIP 7 RLAREDIRS.

(4) BARIEA VR T 2—ATkIT, ICMP £/ UDP A v
b=V -7 u—RFy AT 5.

AT T (4) T, HRAMIBNT, HlZIEE VLAN
AV FATEHRA MK LT ping(ICMP echo req.) #%(E
THLETERIBIENTES. UKD, BAALVFIC
BWT, & VLAN OF RLATF—TVTEERA D MAC
7 RLANEHRINS.
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T RLUAEFFEC LD BBERT S.

(3) BEHINBBEBOHBALvFIIBNT, KA AR
HLTWBR—boD PVID #AFv 7/ (1) TYER L7
VLAN ID ICH#HT 5.

(4) XHETBVVI% OF ICT 5.

BRANEOBER, ATV (3)MWETTHETE, BH
HIORBZHNTT > Ckickxs. flzid, M2 TRLIZR—
FAMROY, XTlEV—F« YIEBVT, AAvF 1-5 0
DU U% OFICLIET 3. TOEE, oy vrEFET
BRI, A VF 15 DRANEREL T, AL vF
1,5 DRA LR LTOBR—FD PVID ## 101 hH#
102195 TOR YV I ERFETEIENTES.

3.2.2 JvU% Off 5 On LT BIEE
(1) UYP% On & LIBICHERT 3 RKE%2 5T VLAN

ZUERLL, T ORERHEIMERT 5 A1 v FRIR— b oot
LT “tagged X>7Y £ LT, D VLAN ZiBhI§ 5.

(2) HWARLTBVVIDAALyFDR—}+% On lcT 5.

(3) #FH=iA/E L7z VLAN ID I 8135 MAC 7 RLAF—
TV EBNCREIENE 25, H5WVIEHIEIO MAC 7
RLUREERIC K D HBIERT 5.

(4) HEFENDIREBOHFEAL v FITBWT, BA B
LTWBE—FDVLANID %, A7y 7 (1) TEKL
7z VLAN ID IZEHd 5.

AECHNRIZZA v FOR— MDD On/Off #fEIF, TIRT
&, PCOUSRZDARL—ZWFHTITS RENH B8,
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%. 1z7ZL, SNMP FETHIBN SRS Y FD RS T v 7 &%
EZRUVIL, RAAYFDY I D On/Off DAy RiEs
BOLRITTEBIHAIIE, Ay FOND S HAEHIETHET
H5.

3.3 ER#EESSURIREE

BIE, A—Y %y bAAYFIE, GbE ICBELEZELTE
HFH~100 FHEIHOEDETEIKICIES. LKL, T
ZAfi7s XA Fi& VLAN HEHHc T 5HE L TO0aEVE DR %
{, TL—EPOBREDOHZIRREL T B LA — 2w b A
AVF TR On/OR UV IT I T4 = a ViEEFIFTER
WIEENHS. DED, On/OF VI T T4 R—> 3 Vik
1& IEEE 802.1Q ICHE#L U 7z VLAN X J#{ER Y R— L7
ALy FTCOHEHARETH 5.

o, WEERTRELR Y AT LOBEL, T 2A10 Y F0fHt
Bk (EFATTREZ: VLAN £, B X UBERAEER MAC 7 FL X
)Tk ERRAEX . VLAN #ud IEEE 802.1Q DHET
1&4,004 (22 - 2) L HBTHD, TART =<V ADH
WEREE AL v FTRBE~HEEREE LI R—F LT
WEWEDEB. 22U, AA v F TR IMIF#ITS VLAN
W—T 4 VTETREL TS VLAN $3, Fat WU —Rw
¥ alx EORAKOEN b RO YT RIS AR TN,
ZTDID, XA FOYR—kE LT3 VLAN EH Y AT L
BZHIRT 2 Lk, EEAERL

—7, ALY FHTHNEZIF (FFCL0) BcBEsh
BHRAFDMACT FLRI, RLT RLATH->TH VLAN
TLICHIRICBRING T LITkD. Dk, BRARELE
AFDMACT FLABH &, #Hd2 VLANEV, X1y
FUT (HHIC) BT ES MAC 7 RLAB M ICX DT
5%,

HZV (1)

4. On/Off UV ZBR7IVIUZL

RETIE, On/OFf TRV VIR NS T4y VEFTISLT
BIRT 27 )V TV XLERRET 3. #K7)VI) XL, F
WA ST T 4w 7k Off UV H On i b % THibE
327 L—LhHELCRT EEBITZ DI, Zv FT—20HE
BRI TEVY— R FHI V73 1K) BT 5
VU &FIT On (ever-on) I 5.

On/Off Y V' 73BR7 VIV XLTIE, Y7 )IViRE, Bl
ICHGLTBAHNT TV r— gk | ERTTEREICLD
BRAMEOBEESTRITES LTS, Fiz, BEOA—Y
2y PAALYF T, V2ID On/ORT 754 X— 3 /IC
BN ORI D B8, W7 TV r— 3 VEAIREFN
DL EDOREZZREHAITY V7D On/Off ZHIEHTZED L
9%.

On/Off Uo7 HF 4 N—=2 5 V7 )VAV) ZLIE, LD
FIRIC &Y, BV VI OBEREZRMED, Fo 71y I EBH—
ER ThITHIZEWTF ¥ 2V THRENS Y V7%, RifiTiE
R U7z On/Off BIFOEIRAGEICLD Off, HBWE On lcd
5. &B, U YTIERAAEDOHARF v X)L 2 Kic & D HEER
TNBE0LT 5.

(1) BFXYXIVOLTT 4w &% RMS.
(a) EF XY XV, A7)V TV XL ETHWSHRE

a7 2 7ED YT, £TOMEE 0 IcFilit
5.

(b) BENRETZHRA T OESD S RENT R
7R —DmHHT.

(¢c) ZORALRT DRBHFIFTZETOF v )L
DHY VR, FDLTT 0 JREEFERT. -
2L, UV IHENE (A Ay FRICERY V7%
RE) 27> TWBHE, HTVAELEF 1A
Fy 2IVHIZD DFEELT 5.

(d) b~c DATY %, 2TOEE/SADMEHH5E
TI2ETHVIRTY.

(2) AVVEZOERKEZFFOFYIILOU VI EIEEEL
T, BEEFERTHY VY RZEORENY VI EERLT,
(ever-on £752) VU —ZHET 5.

(3) F¥RIVDHY Y ZEDRKEL Th D/INIWTOMEE
Maz £3%.

(4) - VI—BERKEN R F v JVOHFEN S, F5T 4y

TEDE S LBV F ¥ IV EEET B TR TR
%, Z0F v 3V EEET HRBICEFHTS. BBV
TEAEEITO TV BHEE, BBRRIEFESETIC, 0
A4y FEOF ¥ 2 VEE 1 DHIET 5.
(5) BF ¥ RIVORBEHHROHY Y 2EEFHTL, FOHh
DEKfiE Mazx ZLHKT 5.
o Maz DFHDREVIRE, F¥RIVDHT R
BEHHROMICEFHTS. Z LU OERF v L% Of
129 5.
o Maxz DFANNEVGE, REBEHFEWHIEL, TH
HIDREER, F v RIVERICRT.
(6) 4~5DARTY Tk, ETOVI—ZBEHEVF ¥ LD
fRITINTE T § 2 E TRDIRT
(7) UYIZERT S 2 DDF v XU Off DIFE, FDV
Yok OfICT B.

5 FF

AETIE, WA GbE Ay FICBIBZR—bv vy b &Y
¥, HEERGHIC X B ENEIEIE L, U 2T D On/Off HIfER:
H, BEERICONZ A=y R, W7 TV 45— 3 ic
BB REFHEOFEREREZHSMNCT S,

5.1 RAYFDR—HYDHEEED

BFEOZAAL Y FILBIBR— vy b X7 & BEHHE]
BER2ICRY. EBAMEESATLTY—b Y27 Ty b7
T—A—% (SHW3A) ZHWVTI{T> 7=

& 21ZBVT, Gb/Port, 100M/Port ldR— 0@ #E
BAA Y FHEBNEERBELIBEIC, R—FHioici
meBHBENZERL TS, PC5324, PC6224(24 K— |),
PC6248(48 R— ) (&7 )V PowerConnect A1 wF U —X
DOMFTH Y, SF-420 I Planex SF-0420G(24 K— ) TH
B, Ffe R—FLOV &1&, 2R—FEV vy b YL
BROMBBENZRLTVS. K2k, YU IHEERELT
IELeR > T, HBEENMRIMICHES NS C e oh 5. T
NERFST v VAMCEST —ETHB. 1 KDY V7%
Off I BHaE, MIDR— e vy " ET VBT LIk
%7, HEBEOHRRIZRIFCIE 252755, L3 A vF
TH 5 PC6224, PC6248 IRV — U ANBENDOEETH
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2 GhE A vFORitHlih (W)
A=+ | Gb/HE—F | 100M/K—F
PC5324 14.9 1.2 0.9
PC6224 42.5 2.0 0.9
PC6248 56.8 2.1 1.3
SF-420 32.6 1.0 0.2
&3 i
GbE SW | On/Off Operation | VLAN Modification
PC6224 3.4 0
PC6248 2.2 0
PC5324 4.0 0
SF-420G 12.0 0

%128, L2 AL v FTH5 PC5324, SF-0420G I HbTHE—

F, R—FLADOBEROBEEBENDARENEEZIGNS.

5.2 On/Off UV I7HBEDF—/\Ny K

AAwF D On/Off V¥ IEIEDF—IN\N\y REE 315
T FRETE, A=\ K%, HIERNROACYFEZNL
T 2KRA MO ping (ICMP echo Xvt—) % 0.1 IR THE
AL, A4 wFOR—=MH LT On/Off FERHE L TIT>
TeiG & OMEEHIEERG & L7z, ICMP echo X v t—Y D41
ARG\ ZREDT 64byte & LTz, &oT, A—H%xv 7
L—LDT—=2Y A & IP N\ & 20byte ZE¥H T 84byte T
BHB. FHIFERELD, VI D On/Of FHEZER DA —N
ANy RBDOND, ZOEELEAENY VZD Of HhD On IR
HEDY wakeup T BIFEICHD > TNB T LW -1z, Fiz,
REROEHE, KA MO L TVB ALy FR—FD PVID
REHTZCLICKDERINDD, FOF—1 v FidZ 3
DE I, RWE T zero TH- Tz,

5.3 NAS NS LUIIRYFI—ZICHITBHBETH

5.3.1 FHMAEICAW PC 45R4%

FAHIE Tl 128 BDKRA % 8§ D 48 B— kD GbE A1
7 (Dell #: PowerConnect6248) Tt L7z PC 75 X &%=
Wiz, A4y FRY VoL 6 R, "X M EAAL v FORIEF 1
RKOU VT TEHENTED, ) 7HER0IE HFeM, E i
D IP 7 KL A, UDP/TCP DR—FHESTY 7D+
Ty I8 ZEfT>T. K203 b RaPiE b —I5ATh
D, 4{AD VLAN %RV TIHTTEL—5 1 ¥ 5% VLAN jL—
TAVITHEICIOEREL TS,

Al CIAERD b RECHAITE, D, KL —F ¢
VT OREEELIN—T 4 VI T VI AL TH% L-Turn JL—
FA4 VTN BRAWE. BEL, AL vFEI Y IBE AL L
felzdh, KNI T 4w 7B —=VTIEAL v FRY v 2 HOH
BOART, VY7ERT7IVIY XL K BRBOEHIZE L A
EHUhkhoiz.

K AUTHAHDOaYR—2 2 b THREN TV SR A DR
ZRY. WHNVF—21%, MPICH 1.2.7.p1 ZH\ /- IP
2y Mk Tab AREERTo 2.

On/Off Y2777 F 4 "— 3 VEICHAWE N L— R,
BTOERBUCBOT NAS G LRV FT—Y 32077
Vo —a YHRATAREIRI N 7 S A (D5 A W, A)IcD
WTC, MPE 7077 A4 YUY 754750 2HWTIELT-.

128 7O AER VIR EZ, 1 DDAA v FICDE 16 BD
FRATDE 128 BOFA MEAV, 64 SO AZRAWRES
3, 1DDAAYFILDE8A, it 64 BDOKAREHV.

&4 KRAFOME

CPU AMD Opteron 1.8GHz X 2
Chipset AMD 813148111

Memory | PC2700 Registered ECC 2GB
oS Debian GNU/Linux 4.0
Kernel 2.6.18-4-amd64

MPICH 1.2.7p1

[i;rfg’lfiail‘liqukslﬁc;ﬁéewa{}vé M aggressive |

o
&

1.00(total pw(Wh)) 1.00
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(b) PowerConnect 5324

5 JITERE (64 Processes, NPB Class C, SF-0420G & PC5324)
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