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Abstract As the key infrastructure of cloud computing and innovation platform for next-generation networking,
recently data center network has been a hot research topic in both academia and industry. Based on the
fundamental research problems in data center network, we first describe the international and domestic research
progress of this area in this paper, including data center network topology design, transport protocol, wireless
communication, enhanced Ethernet, virtualization, energy saving, SDN (software defined networking), etc., and

then prospect the research trend.
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AT AR b TG 45 19X 286 w] A7 4 T T () A 9 3 24
ffi: L B REHRARIICHE; 2) HUEIEBON ok
W2 )5 s 3) A T Bl vh Lo I 25 R il AT 2 o

(1) REZHEAK

FEX W RGBT PR L, A R
LT LUAEAR S AR A, 8T LU T, (AIE TG
LB E . AU R RS, JLT A
A b e Gl AR W vk 7 AT T A I R Ee
Ao BHMEAE T IR IR (Beamforming) 45 AR
FIY% A ) (Beamsteering) i ARPT. ix suA ny
DL e B A i 1 OB e A% ity 9

(2) HUAE R

HT 60GHz Jo£kil s H A 1R 2k 7 o 7 [l
HAWR, I ERRA 10 kAL, Tkerpam
by 2 B HE A )@ rp e B 25 . Jd kS 3 ) A )
i, BEBSAIAT 60GHZ Jo 28l {5 HA 1) i v FE
55 A3 0T o e itk i (1) A F 2t oAb, I HAan SR A
TEETCLAHL AT, A8 0] DR I AU A 28
AR S AL A BE, AT kD WA 2 T) PR A1 2 i
p/

(3) AT E s b b 2%

W T AEA e b M g th s I T R, 2%
RFGEFE T RN BET o FEZ IR R R
S e N 60GHZ A R¥evh T —4N4
T B 0P, IR TR N SR A o
sl BRI T HdRPOg . R T AR . R
B HAPZEA RPN S, XA R R T
VRSB T AR ETT 1)

Ak, I 60GHZ To2k i 15 H AR AL Bdh o
J PR 28 T SR IR B A AT HLmn k) . A
(25 TR R S B0 v o0 ) 8% 1) B AR 2 B T K 47
SRR B T RE S A AT R
2.3.2 oL A o0 W2 (Pl A AL ) st

b TR SIS, FREN RGN RILL
(¥ 11 ROk B B TC R Bk, (A LS R e U
s m A AR s o g N TR P AP
To &R A e b0 25 1 e TE 7 56 LLSAR G IR AR AL 1)
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i, AN SEEAL SRS, $2 i 5 v o [ B Ak 1
E. F TR IE H DOV ELIORE 4% it B K
MM R AR AT AR, S 2RO B
T A

Z G, WEREAES R R B T — A
o MBI RS, AN LA AT 4Ty
&, (R T I AL FLAGAIE T R AR
JEPE R T B O W, SRR TR A A
(IR TSR UL, “ KR R G2 AU DL AL
oL R 28 I R 45%. (HS2, i T 0 K
2 SR e PN AP AN AT R, R
LA AT BER AL

(2) JodefiE 7y I In) it

KTRER RGBT 2R T T4k A5 TE )
(R, DS A A R AR I N T
S 3tk i AT B, AT R T TR B A Rk
e, HAR R EOE T A TGS 2 0, R
FE T RF RV T Bhos R R A %
W), PiELA RN, da S JE T s 42K
KIEIEAN o AR, BN RE F G N AR, AR
T4 R T A5 s 1] B,

2.4 AR 1E5E AR W

H s Hp OB T I =R RS e 4, 53
25 TAEfEE S VHEARRERN T 55 . dLr,
A7t P 208 B S DLHRON SR AR, 2 SRR
SFHEEA AR P FAL, DT A Y 45 1)
PEfE; mTERETT T E M 4 HA BRI aE IR
[ SR /O V2% A B (1 IR A s MRgs T H.Ik
P M 55 18 ) 5 FH AR LUK
2.4.1 i VAR E I A H ) 25

TR AR P 25 AT B A, AT AR 3
P CR BRI L, FARRAS, T HoaT LA
FEARM A SRS . i =P As e e HE il ok, A1
FIF- U oo S PP IR A B, TS
PEAAL T B M A R 45 e« AT BT LR 55 R G5 T
W20 T, RN gE R Hdaitao
—RAAT N L % B AT LN R D i EAT

ICKE I TE 2R (RE I, DA AL Pk Be v BRI At 1Y)
Tl 2) WNEIR SRR LA M B B . A7
fig A PEREVH WP, 4 TCP/IP FC. InfiniBand
&y 3) WIS BT RS M2z 1, LA
SEIRRAD TR, SCELLAR MY o A fih 19X 5 R s
BT N % . (Al , % DN A —E M
WOE N ESC R 4) NAXAE— e REE S
R A A s v Re v AR DGR B AL Al 9 () A F
PERTE A2

DRI A TR AR I B ARAG 21 T 3k N . HAT
PR e 8, L0G LUK N BN H
40/100G LA K M 45 brift IE 75 HIIEEE P802.3ba {4
T @, 35 LUK 4 3 4 HiE o
At e e i AR . Hir, 1EEE 802.1 i |
L% (Data Center Bridging, DCB) TAFZH 1EE )
ThRAEAL LUK M — R AU SR @ A2 R
LV SN R, WnCisco. Junipers 4. IBM.
NetAPP. HP. Brocade. Fulcrum. Qlogic. Nuova
LS5 T HAEREL TAE, X350 LUK M
B FR R B bt LK W (Data Center  Ethernet,
DCE). fli# 1 5m 1 LA™ (Converged Enhanced
Ethernet, CEE) i3 %#lih Lot 4T (Data Center
Fabric, DCF). [fif, INCITS T11 TAEHFFR T
FCOEHA, {fi#3DCFAEMS 7K 2 A% FH FCHM LI A7k
Vit ©; OFEDJFk TROCEE, 1#i#3DCFHEM &%
i FIRDMABMY ) i PEfE TSR &, MyricomZR
A A T MXoE, {##FDCFREM A& 2 H MyriNettriX
Wb RE TR O S J i, A R W ER
(Cisco). fi#iF} (Broadcom). Juniperss2; 4k i 7E
Kol rhue i I DCFI i v 5 %6 009

@ |EEE P802.3ba: 40Gb/s and 100Gb/s Ethernet Task Force[EB/OL],
http://www.ieee802.org/3/ba/

@ Data Center Bridging Task Group[EB/OL], http://www.ieee802.org/
1/pages/dcbridges.html

® Fibre Channel over Ethernet[EB/OL], http://www.t11.org/fcoe

@ Remote direct memory access over the converged enhanced ethernet
fabric: evaluating the options[EB/OL], http://www.hoti.org/hoti17/program/
slides/Panel/Talpey_Hotl_RoCEE.pdf

® Open-MX: Myrinet Express over Generic Ethernet

Hardware[EB/OL], http://open-mx.gforge.inria.fr/

® http://www.cisco.com/en/US/netsol/ns340/ns394/ns224/products.ht-
ml

@  http://www.juniper.net/us/en/solutions/enterprise/data-center/

® http://www.brocade.com/solutions-technology/industry/data-center/
index.page
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2.4.2 O e LUK I s

DRI A Edl b0 i 2, B SRR TR,
T — A4 A A 8t 19X 28 400 20035 2 A7 fig AL T % IS 25 2R
75 SR S e VS AR AE IR I 75 5k, B DA
KIS A (Best-effort) 4L ket =X i 1%
TG G ORI — A AT B 2 R
mEEHLAT . HAET, |EEE 802.1 DCBL{E4
BB AN TAEAAE 7 SR AR i 5 A
KIPIEEALE . 1) TAFEZ IEEE 802.1 QbbfiTikx
HE A AR 4 9% i # ( Priority-based  Flow Control,
PFC) HLiI ©o %ML 5 BAE A 3L 4056 2% Pause
7, BRI K FEEA, AR
LRI K. 2) TAEA IEEE 802.1 Qaufivibs
HEAR St S0 O ZEZE ML @0 8 R PRC AN 1 i
A ZEHE X P AN SR L P C G B9 58 1 LK MY
IS 1% e 8% 38 1. B Ry Z5040 T R R — AR A A 4 o 24
HR,

PFC ML SC e A7 it mtkfe it SR I
WmEARE, ARERS TS, NETSE K
ICRE AR 1) i Pk BE VTSR0 B 15 B E ] R . 53 41, PFC
TR 802.3x 52 X 1) Pause AL, N H FANF Y
Pesed Bifle fElRl—Pue g i i K 2B Hpl
GeAERE £ N, Pause ML ML, 2B
AR I AT AT, T o AT AL 2% A
Wit o SCHER[4014R1T T Pause HIWIE], #5H T —Fh
FABE Pause MR % SCRR[ALIEE BN AN
[F) ER) AR 2 G i e v AN R B ZE A I 2 4

&4 Nk, S H MR ZE I K 225,
802.1Qau LAEAIILARH T 4 MEZ, 4000 )5 1)
¥ %€ @ 45 ( Backward Congestion Notification,
BCN), WaU#ZEim 5 (Explicit Ethernet Congestion
Notification, E2CN), i [ {7 z\ 4 %€ 2 (Forward
Explicit Congestion Notification, FECN) I &4k (4
ZE1H 15 (Quantized Congestion Notification, QCN).
H AT, QCN WML T 2010 4l fHh vtk g AH N AR
1 QCN 1) H A A 41 s % 1) BA B B s il e H
bR, FREAS LG ri . A RIS AT
HE BTG IE o XA R A B SR I B Tl BE 22 A7
FEARHERA LR, $WRHCIHMZE,  ORuESERR R H %
SR, AT AF— RN, /N T e A 1 22

@ 802.1Qbb - Priority-based Flow Control[EB/OL]http://www.ieee-
802.0rg/ 1/ pages/802.1bb.html

@ 802.1Qau -
pages/ 802.1au.html

Congestion Notification, http://www.ieee802.org/1/

FER/DN, O HERE A ZE P I B E R TR s As
SE PEEEK . SCk[42]48 F Averaging Principle [ 77725,
S3HT T QCN ffsse M, WEH] QCN fELE I AN 25
JE S RIS T PR, RS T 48
BT 51 SR TCIEIME QCN RGN
Y 2 0] DA ek R (R i o DR I ST iR [43] %
AT 20 M 7 V50 M QCN, R I QCN I fig 2 44k
TENNIEFI I 2 [ D)4, JRRIEHATIELZ ), A
RHENERRAS . B2 QCN &2 Ja kUit o
ERMAH T BUE 3 5 R 402 50 M 25 PR 55 G
KIVRE . HELEREIL T, QCN A e JoV2idh A i 5
BEPIRAS, BT E » R SCHR[44] %01 T SMCC
Philc SMCC fEATENE LT, #REMHE A BORAS,
NIE e S =

Ji4h, QCN it h, APHERAH %S, X
HR[45] % QCN AR 2, A QCN Rt 7
XEBANT, $#H T AF-QCN Pril, ¥ AFD 5
%51\ QCN, LA QCN [AF. SCHR[46]IA N
QCN [ hnid A B e v HAEAS & B A AP il 2
A QCN ¥y s Jal v vl cidE 7 QCN [ v,
ffi#3 QCN 1A SCHR[41,47]05 EMIK T 5L b
i FHl DCF (1M 25 I 43 Hi &5 18 PFC e Tt TCP [tk
fE, 1 QCN XJ TCP R 5 M5 2 T IR 51
2.5 RO M EIIL

e b O IR T R R TR . BEE A
(WEA, THEGE IR A7 i 95 IR 28 43 ) 56 B 8L
k.. Bt Citrix 23w ) XenServer, VMware 2 & [
vSphere F1 Microsoft [ Hyper-V >k it 45 2% i #l4k 32
Bt 7 RIFRIFEERE 4G EMC 21 i Rainfinity 435
SCAF RE AR 2% A7 i B R S8, HP & W] I
StorageWorks Ji U4 B 41 L &2 IBM 24w [ SAN
Volume Controller (SVC) RJ A7t DX 355 b H 11 4 Fof
A7 At B A B B A R AUAE A . T8 R UL

(Virtual Machine, VM) K, i1 4554/ (Tenant)

AT LA et A0 i v S5 298 U5 i A H HH O A B
SHLE ., e FTtg, B WA, H
JAAT AR E A b oAl L PR ks, A H
LM 10 38 0 FN 22 4 o L IX V-SRI 7 it 1) 1
AL, FA AT e A O i B IE AR AR S
I A ARNATE A o0 i 3207 N2 —

P P v SRR 2 T AN AL, )
T A Z AN BN, T8 2 A R L (7] 75 223t
A5 BACE, T MEFIAL 2 [R) 75 B 2% HICRIE
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MAC Hiik. fE4E LR (VLAND BAR T LA
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HUE PR 5 9 23 SRR ™ ek . 2) B RIANLIT A%
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PN Z B A LT R M RE ) o HE T 2 41K
PINUIERE J7 52 2 WA B ), X LAY B
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o 3) A e L IR R . ph T AN [ 1 R 40 I 4% 3
AR L, BrE AT A R AL
TIARH B, A% 450 9 2 i i 25 e e ik B T30 TCP
MUK S8 4 W 271 5, (EUREL P T LIS I B AR 2 11
TCP Wik RAF = A5 58 o 1 1 20 il S 4HAH SS9
D
2.5.1 Fdrhoe W 4% b s RSB RIS

VXLANHEF1 NVGREM L 41 IETF 52 (1%
2% AL R ok bRUE . VXLAN TR IUHLA LA
K W Bl 4y 4B 3548 UDPIIP s 43 24, 1
NVGRE 2 F) it GRE #% 2k P50k B T R UL
YA 7320 o AEaX kg U, FH P B9 R 40L 9 2%
ID %52 24 LURE, M RORER & 1 8 b0 ml BLSE
FEM AN 28 50, JF HonT DAES = 2 S SN L
o XPIRE I H TR T TSR

NetLord® 8 T R ™ kg S0UBL R LUK 199 43 21
BIREAEE =200 P 204 AR R S B R 4% 1) K
P Z R S . kR, T R
MAC Hisib I A IR R, AMAfF T A
[FIFH P (1) MAC b2 (1) 52 35 (1 ) @, 1y LK Kok
INT AU e RS0 o X PP T S FEANTE EXS M
RO WA AT

V2P A 2 1P Hb HE S, B AA
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AR 1P Mkl Sl 8, AA Y FH AR AL

Hi, LA H T 1. PortLand™:RF 7 24Bh 1 73,
SINTW)ZE MAC Hili=#[a], Bl PMAC (Psuedo
MAC) #il AMAC (Actual MAC), AMAC i EHI
HUSEBsfER, 17 PMAC JH T H128 #e.

2.5.2 Hdsrho g v A=A L]

AT HCH T 9 45 1) e L AL BT
PIRIRE, —RETES, TREETHN. KT
G (175 58 B AR SR A0 R FOUMTL B P 400 J31) 5 IR
e e dre AUMEG NI T TCP WM se g J7 2UANA,
X5 4 77 2 nT LA 1 N FH R e Tk 48 v A
(077 ORI R 2 B, B I P, g
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FEFE A 28 AR 2y SE IR RIS A DR Rk B K
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2.6.1 HEPFBEETTRENLE

Xof IR 25 V% 4% BEREAR AL (RRIF ST R T, MR 84511
REFEAN S 8 FI L BRI D BUR A2 R, b 58
BEE SV -ES LaME S Eee =011 Cr5's SERi)
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WA R A SR B Ly o, BRI 8 A1)
00 I 265 152 % (1) PRERY TAE R IR BT BRI H 1 24
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25V % BV 245 1R % I 26 R B T TR
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SCHR[62) B S H T 3857 I 2% 1 L B AL o
AL D D A > M 000 281) D 28 A1 25 RIRAS B, )

@  http://www.cisco.com/web/partners/downloads/765/other/Energy_
Logic_ Reducing_Data_Center_Energy_Consumption.pdf
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(X SEms T RE2x DA D4 OB LS N R 5 DS #L5),



12 i SOl IR

2013 4

DR i ) 366 B i 1) FH 546 [ L R I ) {110 795 e
TS o T PP SIS AE AL 55— Fh SR ms 1 Al L, 4y
SNV o A% e B AR FH o ) (R RN ER N B, BRI R
PRI, R D E R )
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Pk 7 2 TARKRIEE R, (HRFRER M, %
TP T (8 KK I 4 58 % B R R SR 1)
BRI R T TR R T H S TR
T REE AR T SRR AT, T R Y BRI
AR b, BEE “EiEE” WEnmi N,
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T 8 BB T (%) B i 75 270 1 R 280 SR R I 4%
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B o3 L0 R S I T 4 B S 2
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h T ORRE M 48 IR 55 A — e a2 2, MgtiaE
HHGORRIR M B R R, — B, et Mgy
% F R H AT 30%3 40%. fE¥dEb o, s
B RITE Y 265 (1) VR0 40 0 45 46 A% O R IR 75 5K
AT LUK $2 iy W 2l s M T . d5cdt Google A A
TAEATIRIA SDN - HEARFEEE 0 ) B AZ O 1 4545
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Background

Data center networks are employed to not only host on-line
services but also execute back-end computations. As the key
infrastructure of cloud computing and innovation platform for
next-generation networking, data center network has unique
characteristics compared to the Internet, and has been a hot
research topic in both academia and industry in recent years.
This paper conducts a survey study on the research progress of
data center network, including data center network topology
design, transport protocol, wireless communication, enhanced

Ethernet, virtualization, software defined networking, etc. Then

the future research trends in this area are discussed.
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