FRLEZSHRRE
IPSJ SIG Technical Report

Vol.2014-DPS-161 No.11
Vol.2014-EIP-65 No.11
2014/9/19

BRI NIC Z EEF T o BT F A0

HH R

W Fzt mn FHR

BE  @ERoBEHREDHN LKLY, HEoxy NU—2s (027 2—20— K (LI, NIC Ligd)
ZHEHL, 1 BOHFEENOZEOT — X ZEETE L FENREIN TS, 20 L5 2Yé, NICH
DA E D> E<ATHI T EMNROOLND. ARTIE, Linux CTEI I TS Ethernet 7 v £ /LR >
5 4 > 7' ® balance-rr £— R & balance-tlb &— F{Z2W\W T, NIC M TOAMDEE D £<IT> T D0
EERT IO, WE— NOBEMEGEZFHN Lo R A W& 5.

F—7J— K : ¥ NIC, Ethernet F ¥ RARLT 4 7, ARSE, AV —F 4 T AT A

1. [FLC®IC

WEEE O HE DM\ EIZFEYy, 10Gigabit Ethernet <2
100Gigabit Ethernet & Vo 7= & iE 72 @A BRI A &
TW5%. Ethernet ISMZ %, Myrinet[1] Ti& 10Gbps, In-
finiBand (X 4 QDR) [2] TiX 40Gbps & o 7o m i S
NEBINTEY, WIng HPCHFTHEHI TV S.
F7-, BIELBERSEILOWEEE I TN TBY, 4
HBE e smEEEON ERTRINDS. LrL, @md/eiE
fEHERIE, FEFICTHEMTH S, 10Gigabit Ethernet OEREE
2PN BE B 23R T 5. 10Gbps D v MU —
JAVE T 2—AH—F (LK, NIC LI63) X1 o7z
v 10 ML E, 10Gbps %D LAN 7 —7 /W& 1 K1 5
MLLE, 10Gbps $IED A A F 2 7715 100 T HELE
OEMEEST 5. 207, @HcBEREOMEL, &
Z LITEVEE.

2T, BEiiZe s NIC 2 g L, —& O HEE
MHLEOT — X H k5 TE L FE B4 PRREIh T
5. BfliZe NIC ol LT, 1Gbps NIC 3% 5. 1Gbps
NIC 1%, —ICIRS RSN TRY, REMEICEST DL
AbLAF TR THTH S, #HEo NIC ZdiEflE 3 2%
Yrtr, NIC OAMDHEE 9 E<ATH 2B RODHINLD.
SCHR [3][4] DFETE, B O NIC ZRARIZ — DI i
DLk, HEREAZEBL T\ D, 5O NIC 1K
RN — DI/ D FEIL, RES TV Reronids
REAMSBARIZHETED. TV Fr bV aEAER
(X, EEAT Y F&ET U Fr ey TNICITHRY 310 5.
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Fiz, AR EE AL, BEATERICESE, NIC AT
DB —bEATS .

AR, % NIC @+ 5 Fik & LT Linux
THEBFINTWD Ethernet F v XAR T 4 7 4] O
balance-rr € — R & balance-tlb £— K& x5 & Lz €&
A7 RHATE RAZ DV Til~ 5. §HE T, NIC oA
WA S EATo TWDNENERT T2, WEMHEEZH G
MNCTEZVERH L. ZO, WiEt— R\ T, F—
FERE7T A0, BT 5 NIC Ok, XU NIC
OFEFAEL L, TCP/IP g Z2ITo 2B D AN—T
k&) CPU R A R~ .

2. O NIC Z2{REMIZ—DICRESFE

2.1 HBARK

5D NIC ZHEERE L, 1 BOEENSZEOT —
2 ERET HFIEPREIN TS, Sk [3][4] DFEIE,
#B4 D NIC Z B — DI e D Z Lok v, EE
WEEBL TV, HEO NIC AN —DIZ/ES
FEE, RESUTOZDICHETE .

(1) vy Rrberaich
FJury R bvraimARIE, EESTFYy NET UL R
EUTNICIZIRY 3105, I0r Fubraiio%
B & LT, FreeBSD @ Lagg ##EI2351F % Round-robin
£— K, Linux ® Ethernet &+ xR T 4 7B 5
balance-rr T— K735 5.

(2) AfFH A
BB, BEARERICKSE, NIC AfTE Y
—bT 5. ARG BOFROIET & LT, Linux @ Ether-
net v XK T 4 > JIZEBIT B balance-tlb T— K &
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2 Dbalance-tlb £— RiZd51) 5 NIC #&E 4

balance-alb &— K73d% 5.

Linux @ Ethernet ¥ X /VAR T 4 V71X, WorEcs
XREEH LTS, Z0=®, Ethernet ¥ R/ILKRT o
> 7' ® balance-rr &— K & balance-tlb £— KZxf4: L L,
i 7 DG & i AT 5 .

2.2 NICEEAHE
2.2.1 balance-rr E— RIZH I+ 5 NIC #EFi%
balance-rr &— RIZ31F 5 NIC BEFI 2K 1 1277
send() A7 L=z —/v (LUK, send() &) 12XV EE
INHT =2, 0S N®O Maximum Segment Size (1,460
Bytes) ZEICKUIBNIEE Ny 7 7 IS LD, F
7o, Sy ZIZIP T RLARKR— hEER ERm S iz
%, 77y MIEE SN 5. balance-rr — RiE, #ET7—
B Ze Xy NHGL TG AR LICES R S Cun D NIC
~NTZU R e TRV TS K1OBE, t0 67—
ZEET oA ARETLTEY, 2y MR NICO &
NICL Tkt LT, EFITIRY r 7 HinuTnsg. Fiz, tl1 &
t2 M HETTHT—FEET e AB & CIZ20Th,
FERIZAN T > RMRD 3T b .
2.2.2 balance-tlb E— FIZH[+5 NIC EEFHE
balance-tlb &— RIZ31F 5 NIC &EF A E 2 1277
balance-tlb €— R, 7 —#EEFE7 R EAZRKLRTOH
5 NIC IZHISfHT 5. kST otk, T—2%&E7nk
AN TZRNBERET LI TFHT—2 & (N) | 2S5
Nz NIC ORI 651<. 728, T2 biEET 2 TH
T (N)] &, T—FEET AR HEE 10 B
WEE LT —%& (M) 26 1 PEHICEE L
TAREEHLELDOTHD.
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Fz, 10 1E, F—FEFET rER L NIC Ot
T 2R L, BEOAMICIE T, BafhiT %2179,
X 2R LT = EE7nt R L NIC O%EAHT DJIE
FEUTIORT. 2B, 2128V, NIC OHHmiE T%
BRI KT —4 B2 HELTWD.
(1) t1 CF—FEESm R A & NIC OfISAHT %217
I, ZoLE, WNIC ORNFTE BITREKRDD, HEFET
B % NICO \ZHISAHT 5. WwiZ, NICO DRI pbHT —X
EETREAARINDPOEET L2 TT —F & Ny 20
%, Zhickv, NICO DAL, Hy =Ny E72%.
(2) t1 TF—ZEETrE R B & NIC OtISfHT 21T
5. Zokx, INICODAJ] < NICL DO4T1), 2%V
[Hy — Ny < HiJ ThoHz®, NICLIZHISAT S, &
12, NIC1 ORI T —ZEE7 a8 A BRI bk
BT 7T —% & N ZET 5. 22k, NICL
DEINE, Hy — N &725.
(3) t2 TF—HFEET X C DT —HEEFERN
FAELT2D, NIC L OISATHTEITS. DL E, Ny
> Np &0, INICO®47 < NIC1 4&H1), oF v [H,
— Njo < Hy — NpJ THD7=, NICLIZHHEAITS. &
12, NIC1 ORDINSHT —H2EET oA CRInbik
BT TPHT—2B2EHETS. L)L, T—4EET 0
A CE, WBEIBEICT —ZZHEFEL TR, Z0
%A, NICL 41525 1 Byte AT 5. LR ->7TC,
NIC1 4 0%, Hy —Np —1 72 %.

3. TREEROEEMLEE

3.1 FHERAE

221 HTIk_7= L 912, send() IZL W HESNDT —
2%, OS NDEENy 7 71T En/-%, 7o b
LCHEEN D, EBEOBETIE, BRIt s
LT, ZLDT— 2% ET 256010 5.

AFETIX, TF—% 2 L CEET 855 0RFMEIC
DOWVWTIR~S . BRE9ICIE, TCP/IP #@EI2RBW\ T, i
LCT—# &35 LI285A @ send() D MLERRER] % HI7E L
EEMERZH S CT 5.

3.2 FHEAE

FHE T, EEMEHEE ECT 2 RMET e R, ZE
R E L CTF— 22T u b R 2 ETE&E. T2k
FE7rERE, send() ICKVRETHT —FZET rER
~1KBOF—4%% 100 FEEET 2. £72, % send()
Hi2 CHA LAZ T HWIGT D, —F, 7—4%E7n
TR, reev() VAT AU L Y, F—H ik LT
ZfET5.

T—HEET 0 ADEITH T, send() DRl CHG
L7cH A DARE T DD send()1 BEl& 72 D OB
Mzati Lz, ek, FHEMR LY, % send() (X, MM
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RERMEF BER

» NIC TCP/|,| T—4%E
(1 Gbps) P JOo+X

Network
-» (S/W Hub)
(1 Gbps)

3 FHiERBE (5 — ¥ 2#E 7 2t A:NIC=1:1, 100Mbps NIC)

® 1 Gt

FHEEE | CPU AEY NIC
B Pentium 4 DE500-BA  (100Mbps)
wefgm | R 024 MB ps
(2.4GHz) Intel PRO 1000MT
o Celeron D
ZAEM 256 MB | Intel PRO 1000GT
(2.8GHz)

o TRITSMTWelz®, FEo 5,000 B (50 /7 1 [H]
B2 5 50 J7 5,000 [0 £ T) OAEHEEL, OS5 E
L7-.

3.3 FHEIREE

SHmBRES (5 — % 2%{E 7 v & Z:NIC=1:1, 100Mbps NIC)
R 3R T. o, FEMMREEAR LIRT. RENE
B2, 100Mbps NIC (DE500-BA) Z## L, {5
FHEHEICIE, 1Gbps NIC (Intel PRO 1000GT) Z#5#k L
7o, MRS & ZEME R, LAN 7—7 1L 2
A v F 7T (Allied Telesis GS924L V2, 1000BASE-T
R AL TR Lz, ek, KEHFE#EO OS 1%, Wi
#71H Linux 2.6.35 & L7=.

3.4 HERLER

% send() FATRED X A LAX T HE 4D (A) TR
F. K40 (A) L0, FMIC send() DABRRER 2N E K
LTV D T ENDND. MEEICIER T2 &, 328 [Eh#E
e LT send() & F81T L7214, send() DAL RIS R RAL L
TWDZENDND.

Hi 5,000 [l 5 % 188 [B1H 226 515 [\ H 4k L 7235
A D send() DUFEKRHAZX 4 D (B) o773, K40 (B)
L0, FHIRIC send() OMLIRIFE D LEL o TWNE 2
ERDIND . BEFRERICER T2 &, 25 [EEkE L T send()
ZHAT LT, send() ODERFFHND LEL 2o TD 2
EROND.

tiz 5,000 [E1D 5 5 224 [BIH 75 248 [\ H Z2 Hke L7245
A0 send() DAERFEF A 4 D (C) &7, K40 (O)
£V, 25D send() 1, 11720 ORBKFF OZEE) /)
SWNWZ ERbns.

40 (A), B), BELW (C) £V, send()1 F&HH
DORPRFNE, RESZDITHT DI ENTE 5.

Z 2T, send() WL AR 5 Z~d. TCP/IP i@f5
BN, T—Xxif L CEET 258, RESUTD
ZODMBENRTOND.

(1) RETLHT &2 —VERNS OS NOKEE N
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1.051E+11
1.049E+11 |
1.047E+11 [
1.045E+11 |
1.043E+11 |

1.041E+11 |
1

sendOFEITRED A A LAH Fclock]

1.039E+11 . . . . d
500,000 501,000 502,000 503,000 504,000 505,000

FITSN f=send([[E]] (F1#£5,000[E])

(A) " 5,000 [F1453 send()

1.040240E+11
1.040235E+11
1.040230E+11 |
1.040225E+11 |
1.040220E+11 |

1.040215E+11 | H !

send)FEITHE DR A LR %> TF[clock]

1.040210E+11 : . . . . .
500,189 500,239 500,289 500,339 500,389 500,439 500,489

F4TENF=sendO[E] (F#&5,000E D55 188E B A 5515E B)

(B) "% 5,000 10> 5 5 188 [HIH 235 515 [H1H

1.0402152E+11
1.0402148E+11 |
1.0402144E+11 |
1.0402140E+11 |

1.0402136E+11 |

1.0402132E+11

send)FEITED R A LRAZ F[clock]

1.0402128E+11 . L L L
500,224 500,229 500,234 500,239 500,244

FiTSN f=send([[E]] (2 #E5,000[E D55 224[0] B Hin248[E H)

(C) 4 5,000 B> H B 224 [AIH /5 248 [\ H
4 % send() AT D Z A LAZ T

Ty o~apr—

(2) EENY 77 NOT —2% NIC DT /XA ART AN
WD Y & T3y 7 7~

(3) NIC b XTy M &EE

send()1 M& 7z © OBEIRFHNT, LR =>DMB & %S L
TS EEZHND. send()] El&H 72 ORI A & 2
R

4D (A) TIRAT IR O K KAk L7z send()
%, ) NIC2»H U IRy 7 7NOTy ERET D
BEOMELIFM &2 & de send() 72 EE 2 HNAH. 72, NIC
MDDy NIEEICEY DAL, #9 27.40ms T
HoT.

wiz, 40 (B) THRATE NI LALBRFRER] DO R
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#* 2 send()1 [ElH 7= Y OMLPRFER]
g BRI [ms] | H/ME [ms] | HOAE [ms] | FEIE ms] | o FEHE(R 22
(1) NIC 22637y MEE(E 27.48 27.27 27.45 27.40 7.03 X 1072 | 8.39 X 10~°
(2) X F%& NIC DT /NA AR _ 7
. . 0.094 0.0060 0.028 0.027 2.77 X 10710 1.67 X 10~°
ANNDY T8 T 7 K&
(3) EIET—4% OS NOEF v 7 -
. 0.0059 0.0017 0.0027 0.0029 7.48 X 10713 | 8.65 X 10~7
Jyo~abk—
Q balance-tlb €— K%, 10 I LT —HEETa kX
() F—A% 1 —HZRAS0SHD & NIC O ATT 2 EFHT5. o, R L2
AL AN—T FOEACEFE LTz, £z, @ETIE, NIC 0

2) #EEN\VITFRD
INTINRIE D4R
AXDHEHULD

(3) NICDT/IRARRSA DY Y
INY T~y NERE A

(5) NICI\BY2 T 18w T7RAD
INryh kR

N
&

5 send() ORI

send() IZ, (3) DUEHAEZEET, (2) EENY 77 HNON
7y ha NIC DT NRAARTANDY TNy T 7~
W DO 2 & send() EEZOND. UL
Ny Ty~Oavr—ix, VoI Ny T7y7B—IRDHET
MOIEIND., Fio, VoI Ny Ty ~Oab—|lET 5
ALERRERT Y, #90.027Tms Th 7=,

#IZ, M40 (C) CTuEfi L THIT S AL ALPRIRERE D
EEA/NSVvsend() 1E, (2) & (3) DUEREEET, (1)
EET LT =X —FVERND OS NOREENY 7 7
~T =T DO 2 e send() EE A BN, 3%
ERyT7r7~Dav—iL, EENYTZ77HNONRT Y MR
DT 4 Ry A XD BIC7e b ETHRYIRENS.
T, BENY T 7 A0 —|ZET HAHEEERIL,
0.0029ms TH H» 7=.

PlEkby, #f L CTF— ¥R EEToEAIE, R =
DO & & Te send() Z MM RITT 22 L b
ND.

4. balance-rr E— k & balance-tlb €— F®D
MERELLER
4.1 FHERZE
balance-rr <& — K & balance-tlb & — K NIC & /7=
DEWZ L HMRRELE T 72D, LUFOFliE1T - 72,
(1) AV—7v k
(2) F¥ CPU %
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I/O MERRAR bV 71272 5856 & CPU MBE AR kv
Xy TR BB ENRDDH. DD, AL—F v kL
2 CPU = & 54N L 72,

4.2 FHBOHEEE

FENE, DATOEHEOMAEEEEHL, 1To7-.

(1) F—H#EETrEADOHK
(2) NIC ORI
(3) PEERIFHEE Lo NIC OFffisE (HapksE)

4.1 fi TR~ L 51, NIC O I/O WERAKR b s
W72 D56 L CPU N AR v v 71 555 2488
L, Rp5HE D72 % 100Mbps NIC & 1Gbps NIC % fifi
M L7, NIC OEAMREAIET L7290, £— FEREY
P, THEET e AL NIC #2151 OB ICE
VT, 100Mbps NIC & 1Gbps NIC % 1 #c& > L, *
No—" ' k&) CPU fifi 2 % 514 L 72,

WIZ, balance-rr £— R & balance-tlb &— KRR ERHIE
B AN—T"y kLY CPU AR ZFEMG L7-. NIC (3,
100Mbps NIC & 1Gbps NIC Z#fEH L7z, E£7-, WE—F
IZBWT, D NIC 2§25 LT —#%#E7T kA
& NIC Kefus, EERERERS. 207, 100Mbps
NIC ZfEH 4 284 & 1Gbps NIC AT 2551280
T, T—HEET rE AL NIC K 2 %t 4, 343, B
F V4 % 2 ODAEFHASODOMAEE TRML L 7=.

4.3 FHERHE

FHE T, 32 BTl T—FRET R R LT —H
ZEFov RNz, a2 2@H LR B et
1%, fork() VAT Aa—ckY, THRETrEAE
BEETESED.

BT RAEETEEDR L, THEEFETRERAT LI
HALAZ T HBIGTESL., B LA A DAZ T %
HElL, T —HEET o' AD send() HATHRED Z A LA
LT EERINEICE LD, WIZ, ROIO send() BSFEIT
SN EZ 0Fb e L, 10 BENLTAL—T"y M &GRS
5. —J7, V¥ CPUEMHEE, #HOT—4%ETnk
AMFRMHZEIT LTV D K2 RIS L.
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FERE M 1
AR RIS ™ =2k
4TCO| . ~T| (1Gbps) 1P JFO+zxA
A ctoombos) ZERE S 2
2§ 0
[ Nict NIC T4
7 [1 | (100Mbps) (1Gbps) P Ja+28
j BERIE I 3
MT—REETOERABCH, JRIST—52{ETOERABCITHIG (1Gbps) P Jotzc

6 FHEEREE (F—&%{E 7 0t 2:NIC=3:3, 100Mbps NIC)

B, BHETICBWT, HHEOT—ZEET rEANRN
[ —ER L BT T 2R AED T2, T — X 55
7'a A send() FHATEE A Z T L7z, 100Mbps NIC %
584132100 A E L, 1Gbps NIC 26 {4254
X 1,000 HlElE L7z, 7=72L, T—HEfE7rnk AL NIC
2 25%F 4, 73> 100Mbps NIC &3 5 841%, 250 5la]
L L7

4.4 FHERIE

SHmBRET (57— & {5 7 1 & 2:NIC=3:3, 100Mbps NIC)
B 617, X 61X, EEMEHHER EIC 3 Ko 100Mbps
NIC Z## L, ZEMFEHE 11T 57 — 2255
Tt Ak IOETERLLEEOHTTHD. B, T—
HEET v A0, NIC Ok, 8L NIC OFEHEIL,
ALV BILT 5. F2, T—HEET a2k
HOET, ZEMEHEEOEHLENTS.
SRR, £ 1 LRBETHD. HEMFEREE 2
EME R, 338 &S, LAN /—7 1k 214 v F
v 7’7 (Allied Telesis GS924L V2, 1000BASE-T %Jii)
AL TCHRE L. &FHREBED OS b, 3.3 fi & FEkIC,
Linux 2.6.35 & L7-.

4.5 EARMHEEE

F—HEETuw R 1oL NICL Kzl LizHaon A
N—7> bEE 7 (A), ¥ CPUFEMEEL B) 1ZRT.

100Mbps NIC i L7355, Av—7"> MEK 94Mbps
THY, F¥ CPUMMARIL4.6% TH-7-. NIC OHHED
URLL EEFEHALTEBY, 2% CPU RN KW 2
EDD, NIC D T/O MR AR LRy ZIZioTnDH I &
AV VIR R

F 72, 1Gbps NIC #{EHA L7256, AA—7> NI
784Mbps TH v, ¥ CPU L 29.9% ThH-7=. NIC
DR E 8% LvER T e o 12 RIKNE, CPU LSt
N— Ry THETHLIEEZLNS.

4.6 TEEELEER

balance-rr <& — K & balance-tlb &— R ERFICEIT 5
AN—"7y h &R 82/~ F. F72, balancerr £— K &
balance-tlb &— R ERHZI T 5 CPUEHEAZRK 9
bz o
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T—RH#ETOER X1, NIC X1

1000
g
§ 750 F h--——A==——— k-—-—A-—-=- b= === A=———— b=
z
B
oy
| 500
=2
X —e—100Mbps NIC -4~ 1Gbps NIC

250 |

0

0-10  10-20 20-30 30-40 40-50 50-60 60-70 70-80
#@eFMEs]
(A) An—"v k
100
F—AEETOEZ X1, NICX 1

80
=
B 60 |
&
2 90 299
&)
' 20}
Bt 4.6

0o \—

100Mbps NIC 1Gbps NIC

fERY HNIC

(B) ‘¥ CPU iR
7 100Mbps NIC & 1Gbps NIC & H L7254 o JEAMHE

#2454 100Mbps NIC & L7255 20T, HIER

RERT.

(A1) 2-4-100 &1 9 £ v, 100Mbps NIC ZfEH L7z
A ® balance-rr E— KD A/L—7"» 3K 377Mbps TH
v, ¥ CPUMEHZERIT 75.3% Th-7-. F7=, balance-tlb
E— RDAL—T"> FIFI 188Mbps TH ¥, F#) CPU ff
FHRIX 11.6% TH - 7. balance-rr &— RlX, balance-tlb
T— R EEL T, AA—T v 3K 189Mbps <,
%] CPU =D 67.0% 0> 7.

(B1) 3-3-100 &X' 9 £ v, 100Mbps NIC & L 7=
A D balance-rr E— RO A /L—7 v ~MIK 282Mbps T
v, ¥ CPU =T 34.0% Th-7-. F7=, balance-tlb
E— RDAL—7"> FIFI 283Mbps TH Y, F#) CPU
HRIX 21.9% CTH - 7=. balance-rr &— RlX, balance-tlb
E—RERB LT, AL—""y FRRIBRETHY, Fh)
CPU N 12.1% E 0> 7.

(C1) 4-2-100 &1 9 £ b, 100Mbps NIC % L 7=
A ® balance-rr E— KD A/L—7"» k3K 188Mbps TH
v, ¥ CPUEHZEIT 128% Th-7-. F7=, balance-tlb
E— KD AL—7"> FIFI 188Mbps TH ¥, F#) CPU it
L 11.6% TH - 7=, balance-rr €— RiZ, balance-tlb
ET—RERELT, A=y FRRIBRETHY, F
CPU =M 1.2%E 0> 7=,

(A1) 2-4-100, (B1) 3-3-100, BL O (C1) 4-2-100 L
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T—HEET O+t R x2, 100Mbps NIC x 4 = -
200 T—H%ETOHER x2, 1Gbps NIC x 4
1,000
@ i
o Q
2 300 < 750 ST T VIR
:
g e
ofl\ 200 [ %ooooxeo-oae---- S G X —---X | 500
A -A\
R X
100 | 250 |
| —e—balance-rr = X- balance—tlb | —6—balance-rr = X- balance-tlb
0 1 1 1 1 1 1 1 J 0 1 1 1 1 1 1 1 3
0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80
£ZBFHRLS] BRI
(Al) 2_4_100 (AQ) 2—4—1000
— T—A#%ETOHER X3, 1Gbps NIC X 3
| F—4%{E7042 x3, 100Mbps NIC X 3 1000 ¢
400
=
o g
£ 300 _ — — = = 750 PR e S e m = m—m=Xe=— ==X
E e e e e _&
A Z
2 200 T s
™ iy ———
L —&—balance-rr - %= balance-tlb X
'7( 100 250 k
—6—balance-rr =%~ balance-tlb
0 \ \ \ \ \ . .
_ _ _ _ _ _ _ _ 0 t t t . . . . d
0-10 10-20 20-30 ;2;]05#‘;% [5(; 50-60 60-70 70-80 0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80
i Bl A= S .
IR #2385 s)
(B1) 3-3-100
(B2) 3-3-1000
| F—%i%E70£R x4, 100Mbps NIC X 2 | T—4#{ET 0+ x4, 1Gbps NIC X 2
1,000
400
't_g'_ | —&—balance-rr = %= balance-tlb | E o -
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8 balance-rr £ — R & balance-tlb £— R ERHIBIT D AL—7"v b
(F—=#FE7 1 & AH-NIC HH-NIC #xi%k3 %)

D, UTOZ Enbnd.

(1) #%o> 100Mbps NIC Zffi ] L7=%4, CPU QBT
%72 <, NIC O I/O WEBAKR MRy 7 L5, ZDTz
®, balance-rr £ — R & balance-tlb £— KD AL —7"
MZZENETRW. 7ok, NIC OKENT — X %FE 71
T ADE LV ZWEA, balance-rr E— RiE4 NIC Ok
ZEMAC&%. —J, balance-tlb — Ri%, T —¥%E7
A &GS Hiviz NIC LMER T 7, oFE D,
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(A1) 2-4-100 DHE1E, NIC2 Broy OHHE LMl ¢ &7,
4 NIC OFHEEIENHIR.

(2) balance-rr <& — KO CPU i #1%, balance-tlb
E— FOFH CPU K L Y &y, 2k, balance-rr
E— K CIZ, balance-tlb E— KXV, V7 NEID AL OULER
RN R 72 o TN D720 TH D, ZOJFKIE, balance-rr
F— RTE, O NIC O HA T R RTEEZETHIVIA
BPFITENDHNLThHDH LHEETE S, —7, balance-tlb
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JOEANIC=24 | FAEANIC=33 | FAERNIC=4:2
HEte
& 9 balance-rr £— R & balance-tlb & — R ERFIZI T 51
CPU =

— RiE, T EE T vt R EISATT Sz NIC O
BID LOEEFE TEIVIAHZNFITEINT, V7 MEIVA
PTG A ALERRERT A3 balance-rr “E— K & Hﬁ’*"(%ﬁb\

Wz, ##D 1Gbps NIC 2/ L7=5HA1c >0,
E%%%m?.

(A2) 2-4-1000 &K 9 XY, 1Gbps NIC i/ L7-%
A @ balance-rr &— KD A/L—7» hE# 561Mbps T
v, V¥ CPUMHERIX99.2% Th-7=. F7=, balance-tlb
E— FOALV—T"v MMIK 745Mbps TH Y, P CPU
H#IT 31.1% TH > 7=. balance-rr F— K%, balance-tlb
T— K& LT, AL—7"v F23 184Mbps K<,
¥) CPU =D 68.8% = 7-.

(B2) 3-3-1000 &1 9 LV, 1Gbps NIC ZfiH L7-%;
A ® balance-rr E— KD A/L—7" > MIKI 425Mbps Th
v, V¥ CPUMHERIT 99.9% CTh-7=. F7=, balance-tlb

— RO A —"" NI 724Mbps TH U, ¥ CPU fif
H#IT 27.8% T > 7=. balance-rr F— K%, balance-tlb
T— K& LT, AL—7"v F23 299Mbps K<,
¥ CPUBERZEN 121% = 7.

(C2) 4-2-1000 £ 9 LV, 1Gbps NIC ZfEf L7=3%
A ® balance-rr E— KD A/L—7"» 3K 656Mbps Th
v, ¥ CPUEHZEIT 96.5% Th-7-. F7=, balance-tlb

— ROAN—T"> FIHKI T64Mbps TH v, ¥ CPU fif
ML 31.5% CTdh - 7. balance-rr &— RlX, balance-tlb
T— K& LT, A—7"v F23 108Mbps &<,
¥) CPU RN 65.0% > 7-.

(A2) 2-4-1000, (B2) 3-3-1000, #LT* (C2) 4-2-1000
X0, UTOZ Enbnsd.

(3) #%® 1Gbps NIC #fH L7=%4, balance-rr E—
RCi%, NIC @ I/O E T/ <, CPU LA R kv
Ry 78D, 20L& O CPU MHERIE, 100%ix<
\Z72 - 72, balance-rr £— Ki%, v Kuvb o TEED
NIC 2325, Zhizky, V7 MNEIDIARIZET HAL
HIFHNRELS RDT2DTHD.

(4) balance-rr £— KD A/L—7" > M, balance-tlb E—
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(B) F— 2 #E7 ut 2L NIC ORSHTHF
B 10 balance-tlb F— FIZHW\ T NIC AR Y 3L L7256

ROZNV—T"> M X VIRVMEMICH 5. balance-rr E— N
%, balance-tlb E— K&tz LT, V7 hEIDiAZD CPU
RN ZTRBY, ZhNAL—Ty METFOEKD—
DEEZOND. B, REROFEMRSIIL, Sk OE
LT 5.

(5) balance-rr <& — K & balance-tlb & — FiX, %o
1Gbps NIC ZfEH L TW DI BB 6T, AL—7"yv bR
NIC1 #tr DFSERMG CTH D, Zh, 4.5 HiTlh~7=L9
12, CPU LSO =R = TYERENRR FLRry 712725
TWAEDIEEEX LS.

F7z, (C1) 4-2-100 & (C2) 4-2-1000 IZHBWT, T—H
HEETREREZEEO NIC IZ) <M TERVWES%
10 e Ny

6) T—HEET A 4oL NIC2 KDH4A, balance-
tlb &— RCIE, BHFEAMOZ A I 7 ’J: n, T—2EE
Tt ADT = FEREMTET, T—2EEFTnt
A &HH D NIC I 9i<AﬁT%&w%Aﬂ&é.m&
LT, B10IcF—#%EE7nt 2 4-5% 100Mbps NIC2
Kz 5 FL T ERWIGEEDOFITREREZ R, Kl T—

ZEFET R A BEITESE, 10 BRIZEY OF— &%
F7rtEAB, C, BLXODEEITIEAILAEEZD.
TR RERE] 10 B ORISAHT OEFHIZBNT, T — X EEFT
B RAADOREB LT =&, BICETLTNWDE®D
T—HiEEFTeEAB, C, BIUD kgL T, +%4 k
W, —F, TEEETu kX B, C, BLOD DXE
L= —Z &L, VETHD., Z0izd, NICOIZ 35D
T—H%ETrERA (B, C, BLUD) BxILfHFEh
5. 10D (A) TlX, A—7v "5 NIC2 Kby D
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ZIEETHA. L, ®10o (B) 2R X9z, 10
s 10 o, 4 >OF—2XET nv A% 2 Ko NIC
122 DT DR TETan.

5. BAEMR

WD NIC %7 v v Fr v i Tl AT % Fik [5)[6]
BHEEZ IR TW5. PM/Ethernet-kRMA[5] Tl%, OS W
DEZENy 7 7 HEgE—V IR T 28T, 7—4
BEIOA— S~y REHR L, @HFliEzs EZBHL Tnb.
F72, RI2N++[6] 1, ZAEMEHREMEICRIRE Loy M
H LD, B NICIZEIVYTAH Ny hOBIEEET LT
Wh, INHLOFEL, T Fueber FATRET D%
EEHRRE L TF Y b OBENEF B AN 5 RS,
TR~y RN D Z L EZRHE TR L TN 5.

Bk o NIC Z il 5 L otEREx i E &5 Tk [7)-
[10] DEEEN TS, MIAMI[7] 1%, #0AHOHFME
EEETDLTETHY, vV FaTEEICBNT, T—4
EETu R LMV TN S a7 ETI/O F /31 A
WCEDERESNTHI VAR ZRBLL, Fv v a@hFem
& Tuwns. 10-Gigabit Ethernet TOE[8] I%, TCP/IP
Offload Engine (Z& Y, TCP/IP ®~7'v | =V % NIC
BTV, CPUAMRAEY 77 AAMEZHE L TWD.
Zero Copy Socket 520 [9] 1%, NIC A€ U & —/LD
Ty bRy 7y OREBEETHZ LKLY, CPU ARTOHI
WL mAN—Ty hEEB LTS, £z, SCHK[10] 13,
CPUMRNIC DL Y AZZER—Y 7 LR, fEROEA
EFTIZ—EOHBLEMZAZ L2k, N7y MK ER
DA TV EHIBL TS, ZhbDOFiEEERO NIC
AOEHERIE T 2 FIE LT 2 2 LIc kY, ERDMRD
m ke cx 5.

6. BnHYIC

Ethernet 5 % & /LR > 5 4 27 ® balance-rr E— F &
balance-tlb £ — R& x4 & L, NIC W CTOAfSTHAE O £
AT TV B ENERT I8, TCP/IP i#@igTo AL —
7w b &Y CPU SO TR RISV Tk 7z, §F
flitx, 7 —# %G 7 72 2%, NIC##, L ONIC fijE
OMATEERL, 77— &8k L CEE LG A IR
% TCP/IP i&fE COMEEEHIE L.

FEZ4T 9 12®H 7= v, 100Mbps NIC Zfif L, 5—#
Zdfr L CoHE L723A @ send () OREEMEREE Bl H 2N L
oo T2 &L CEET LD send() 1X, Vs NNy
77 ND/7 >y b & NIC 0 HiEFT HALEE (27.40ms), %
FET257—2% NICOTNAARTANNDY 73y
7 7 ~ T BAEE (0.027Tms), BLOEET 5T — X &
OS WDEEN Y 7 7~ =4 54 (0.0029ms) (257
FHZENTES., OO ZJEWIIC Y KT Z &
W2k, T—2E%ETS.
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WE— FOMEREILEL DA, 100Mbps NIC 2 L7255
A, NIC O I/O BEAAR bR 71272 % 728, balance-rr
F— K& balance-tlb T— KD 2 /L—7F v I, FRETH
LT LEMER L. 7272 L, balance-rr £— Ri%, Y7 K
TN IAIZE < OERFF 2 Z3 572, ¥ CPU ffi A
#18 balance-tlb £ — R LV @WMAM A H o7z, —J7, B
%$:? 1Gbps NIC %4 H L7244, balance-rr £— R Tl
CPU JLBEN R ML R 7127272, F 7z, balance-rr E—
K & balance-tlb &— K TiX, ##® 1Gbps NIC % fE
LTWAIZHEb LT, 21r—7 vy ks NICL £45 O &
K ThH o7z, Tk, CPULSND N— R 7 = T HEREN
RIVRy 7o TnDHlwlEtExbND. MAT,
balance-tlb &— Ni&, IS ITOEHO X A4 I 7 &
O, THEET e REEEO NIC ~5 £ oHTE
ROGAERH D Z L bR L.

i AFRO—IIE, Bt B e RS (B)
(BREEE 5 : 24300008) |12 L 5.
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