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Abstract: Under the new application mode, the traditional hierarchy data centers face several limitations in size, bandwidth, scalability,
and cost. In order to meet the needs of new applications, data center network should fulfill the requirements with low-cost, such as high
scalability, low configuration overhead, robustness and energy-saving. First, the shortcomings of the traditional data center network
architecture are summarized, and new requirements are pointed out. Secondly, the existing proposals are divided into two categories, i.e.
server-centric and network-centric. Then, several representative architectures of these two categories are overviewed and compared in
detail. Finally, the future directions of data center network are discussed.
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Fig.1 Traditional architecture of the DCN
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Fig.2 Topology of a simple FatTree network
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Fig.3 Two-Level route table of FatTree
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AL E TRAS W 28 1B 3E 1 Pod.— H— AN A BB AL O A He WL ANE 1 4585 8% 2 H 1) Pod, IR AN A e WL 45 9 IX AN 43
Z11) Pod(10.p0d.0.0/16,port) (& — AN LEPER“/167HT 4. — H— A3 A 215 T H 1K) Pod, HM )  2 Pod A2 # Bl
ST —(10.pod.switch.0/24,port) Fi 43, N T K 741 H8 0] I H B9+ W e WL, B 1K WA e ML 20 40 21 R 0%
2 H 1AM
2.1.4 ElasticTree
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Power control
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Fig.4  Architecture of ElasticTree i 1Gbps) ¥t &2 1% A% .0 3 LI Elastic Tree fIFR $h WKL 5 )
Kl 4 ElasticTree A R &5 SEE T,

Pod 0 Pod 1 Pod 2 Pod 3

Fig.5 Topology of a simple ElasticTree network
5 — /A% ElasticTree M 4% #i b
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2.2 Monsoon
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) 5 %, 3K T VR S AT AT IR 45 2% 4R T L5 L Ath AR 45 4% 1190 0 8% 32 11 A 1Gbps(BE EHLIN R IHFE A 1Gbps) 3 & 3
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Fig.6  Architecture of Monsoon
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BT REBR AT X R WARE n AT ARAT BN AR T — AN RS IR/N Un BRI 45 58,3 39 00 T 2% 2 40t A
AR A A — N WA B AT D R I O 9 48 AR ) HLRGA I, L an 76 ] 7 o i SR A8 A DA s H SR G A8
HHLFNA DA i 1 G238 e W1, IR 4 4k )2 8] R 45 B At DyDy/2 e LB B 25 1

R BRI 4% o
wabia | AR,

V% n ~

. C (DA2)x10G
S L 58
2x10G (D4/2)x10G
\ ToR /
D4D/4xToR Kl
& T,
4 20 fo_f 20 oo ____ G 20 |
servers Servers 20(DAD1/4)XEE%%§%I§ SEervers = /J
/
Int: ) 2 4L LA:A & il wy
AggrE AN AL O T
ToR:HLE4 el D A A BB 1 MR AR AA

Dy RAZ b L 11 2

Fig.7 Structure of VL2 network
Bl 7 VL2 M4t

XATFR WSS AMRE IS £ VLB, A A e 75 199 255 T2 10— Hh AR A8 L I) e e 5 O A, 4 296 T O AR AT
JIie AR A2 (hose model) (K] AL et Ji e £ 43 417 56 CRUE . [7) IR, 8 by AR ) B L A 991 R — A BE BB A2 2138 —
ANBEHLH ARAZ ML, AR 5 U — A BEHLE A2 235 H B ToR A HepL.

{5 VL2 1P kA 44 7 A8 LB 40 4035 L VL2 1 S HEHLHDR IR 55 & 10 44 7 5 HA 23 I VL2
FEFIATY R AT SRR H S AR GER U FE 4 7 AL 18] A RSN 22 Ml 55 4% 36 7 AL e 55 s 11 VL2 ARELTT
H Sk AR e LS 252 B i) H AL B AR Ja F5 20 20 08 21 H . VL2 AQER th 5l B Bk i 2 J2 4% ARP ™7 (197 Ji&
PR R, VL2, (RO T O A PR At B R S DL 2 2 T SCRM 58 Y 88 £ T i 7 2 R 0Ty e 2 )
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2.4 PortLand

UL FatTree M 4% 45 #4249 JEfih Mysore 25 N & il 7 — Mol § A1) 2 2 8 th A B 30 FR A
PortLand!'® PortLand 5] A\ T JE 7 45 44 & 3 # (fabric manager), J£1# ] /2 R £ MAC Hilik:(pseudo MAC address, i
R PMAC)ZEAT /3 Al K :

o LKLY Portland BEE T —ANZHE L O A0 O FE A G5 H B BE LR 0 2 R %

Bl BAR B HCORE S E R —MNEAT TR TV M SR, 7 505 B ARP b 4512 3%
B AT DUR AR FER 19 ML, mT LUSAT F— AN B i 3 1 9 2% 1.

o E XM MAC Hitik.PortLand Jy &5/ AL 4 B — N HE— 1) PMAC Hidik. PMAC H i = HLLE b P AL
BT g LE W I A A T Rl —A Pod B 15 5 PMAC #iA A0 [F IR AT 4% 8L 484 PMAC 3
AMAC 1YWL i EALICZUE SR B 5 4 RF I B350 1) MAC(actual MAC, ik AMCA).h T 15 3
H I EHL MAC bk, =ML K2 ARP W=k LIS 2] H 11 WL PMAC #hhk 43 2] H 1 4L PMAC 5,
JITA 153 7% S H8 AT PMAC HEAT, I T A 45 4% A R AR /D th D AZ e WLk AT PMAC FI AMAC kI E S,
DU H 1 ENLAE R ARAE 50U MAC k.

PortLand 1301 2k A8 ML ST ME— 1 pod 5 LA K pod B —ANIE— [0 B 5 A8 AL FH A7 15 % IR P UK 4
B L AE 06T I BB AR IE 10 =ML, A A ML R L3 e — A 48 LEEEIY PMAC,JE S\ pod.position.port.vmid,
HH pod(16bit) [ T XA AT ML pod 5 position(8bit) /AT B HLLE pod H AL B port(8bit) & ix A T HLi%
2 2 1 95 115, ymid(16bit) K A7 T 7] — A E N 2 AR RINLEEAT 2 B R 10 A He bl oA B4 1F 45 5 it
WEEF 1) MAC il /1) vnid 33 2 5. PortLand 43 ¥ € vmid 8 I, 40 JL7E — & I i) 93 A Sk B T3 vmid
9 i, 25 F A X S vmid,

8 JE/R T @37 PMAC 5 AMAC FWLS 56 & — Mol 1.

3 4‘5» PMAC @
Y 10.5.1.2 00:00:01:02:00:01

¥

&
-
=

10.5.1.2

00:19:B9:FA:88:E2

Fig.8 AMAC to PMAC mapping
K8 AMAC 5 PMAC s

FEIE 8 AR 1 2D A T R 230 Pod 1) — & ENLAIE 73 A B L E AL EFL N LA e L (ingress switch); 55 2 20,

© HEBEERAET hipd/ www, jos. org. cn



304 Journal of Software 353k Vol.24, No.2, February 2013

AN EAZHHL A HAY S PMAC Hudik, 31 H IPLAMAC F PMAC F S 55 2R TN 85 & 2 (B 8 T 2a 28 i),
H R IEIXA B BN EEA L M B (W 8 i) 2b DT 7R); 56 3 20 JEAR G5 M A BRI B 1) 1P 5 PMAC Hitdil:
WIS % FR TN WSS e A 3 N =A% 1T LU SR il B ARP 375K

N—BEHNFEE S — & EVOEE N, ITE T ARG BEH T ARP &), 3045 H I £V PMAC #
HEAE 5 G 200K H 1 =AU, H 09 ENLEE I S LG PMAC #uhil 55040 H I FEHLY AMAC #uhlk, )i
SEILT B RN LRI W2 R A R AT B I, 1 BE AR 45 4 B B8 AP T A8 J5 10T WS, 5 1) i LML SR G i
[RIA8 LR 32 S TR 3L

PortLand 7F FatTree [FIZERl FRIER T 2 23 v AL A& 0030, P DLASE By Wi gt A 298 6 o R e, S e R BRI 9
TR ALY D PortLand X A8 AL A& o, A 45 75 BT R AR A W WLA- BEFF & SL 2R 1 B, e W+
SO (1 FEE A 5 ) B DA R 5 A 1 G T O P R 2 2550 1 Jl
2.5 SecondNet

JEFUZAR O (virtual data center, 8 F8 VDO & X o — 4B IINLIE G & 24800 1P Hbbikys A —A4
IR 25 25 25 240 52 (service level agreement, [ #X SLA).SLA A E X T H A FIA7 6% 75 3K, 0 HE ST R SAMLIG A1 5 77
3K.VDC Fu¥F SLA M%7 () 28 75 KRBT P2 .04 7 SCRF B s o0 14 %, Guo 28 AN AT R M A4S
5 A 46 B0 0 BE T R, BE T T 3000 o I 488 R PULAK A R 4540 B A SecondNet!').

0T AR B ORAIE, 75 BEAE R 45 vh 4 by B o ORES T R, Guo 85 A IR A I IXAIRAS 4 RETE
AEH ML L T Y 0 43 R S TP I 25 48 1) R 48 4 H AR )T (hypervisor) b, HAF FRFE P A Efe A B 1217 1)
REFUALIPIRES.

H T AT R A IC,Guo A AR T b0 R 8 R S AR XA S b K A0 IR 55 2 4 R FUEAN [
ALY FE I —A VDC WA R 48 2R A 18 1 4 T A A2 2 B 0 28, DT AR DR b/ 77 0T (4 6F [R). 43 TE 11
MR 2% 2% B B A AL AL AT VDC P IR B850 s 2R 5 8 FH i 280 1) e /DN P 90 9 02 SR R UL WL RS 380 2 R 25 2%
b 0 P B 25 I 4% 1R = e D AT B A 40 L.

SERCHE 84 2 IR ,Guo 25 N X 51N T 3T i 10 AT e K 5 4%t (port-switching based source routing, &
PSSR).[F 24 P 45 4 +h CUA1L,PSSR K — AN B % AR 3R 7 oh — R AIAS LA Hi o IR 51 PSSR mJ BAAE FH BRAT R
W AZ e AL ) MPLS Ll g 3847 3 3 . 5] Ik ,SecondNet 7] DLTE 22 Y A 4 H A9 200 mh o0 W 4% 45 0 L3 28 L dn
FatTree,VL2 #l1 BCube %.

SecondNet AR G5 H QI 9 Pros.

™

PSSR path: VDC " sk & 'it:—_

VDC,y, VMy—>VM, manager G— r Fi
0 2 2 e T

—
| -1 o | \
4 5 4
2 3 0

i |
2 3 2 2 3 2 3 SAT 5
0 1 0 0 1 0 1
— 1 R (-1
S0 0 1 i 0 1 51
Hypervisor - EERIN — > Hypervisor
State: v2p, band resv, pssr paths i & State: v2p, band resv, pssr paths /
Vchl AATAZ= I P VDICI

N [ AR A [

Fig.9 Architecture of SecondNet
9 SecondNet KR 4514
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M H ] L H,SecondNet 51 A T VDC & H # (VDC manager)iE47 VDC @12, i 3 F1 5. VDC & 2 |
055 4% B AR PRI AS WU B T T A5 T Al VDC 8 B 380 I 2E by SR 5 20 A 45 2 RN AZ 4L, a1 9 oh i) il
LRTR. B 9 Ok TR S5k BoR T —4k PSSR #41%.

SecondNet & #i T /061K VDC 45 B3 BEAT 71 98 43 e A0 M SLB0HE o0 4 B A48 B 7F VDC 45 B AL B 1
FRL 2T, TR M B A0 R R0 RIS
2.6 Jellyfish

Singla % A TA Ay, A% 1R 194 465 45 A6 4 B 1) 009 28 PR 7 ok, DR AL 8 3 S AL 0 DY 6% 14D A8 e AL A Bl —
Bt L1, AT K 5 B A 350 % K 88, 5 5 1t 0/ 19 8% Bl MR S A JELABL 4R HE T Jellyfish.

Jellyfish {177 V% JE7E ToR A ML 2 A EE —ANBEHLELAEAS ToR ML i A &, AN 11,3 o, AN 4 32 2 HoAlh
ToR AT ML AE FH TR T 1 ki—r; /i 171 32 422 B I 5545 7T 3¢ 17 SR PR 1% D0 5 S S ATLAG AT i) 0t 19 o 11 A 480 AH
)03 0 e 45 38 R I 4 k=kr=r, 5 N AHILZE, P28 T LLSZ SRR N(k—r) IR S5 25 A6 X P D0, I 245 2 — AN BE L
ML 10 /& Jellyfish B253h 30 13 1.

AL LI PR B

Fig.10 Topology of Jellyfish
10 Jellyfish #i b

0T R Tellyfish P4, AT LR F G0t g vk it AL B — 40 22 PR i 11 ) 408t A2 L A8 FH — B B s
B2, I T XA ISR, B W 25 A BE T8 00 7 (10 B 16 DA 1. 22 T 4 mP s 0 A8 e LR 15 4R A8 el i) =
PR VKT 20 B AR 25 PR 3 1R (p1,pa), I8 BE AL 25— 4% L A7 A TR 5 B8 o), S A 0 1 45 T (1T B B8 (o)
(D2

T 3 X T T R AR PRI 1) 56 T BEALIE ) 318 5 A Singla &5 N 48 H 78 W 2% A2 7R IR i 45 s B /N T
900 I, Jellyfish FJ LALY FatTree 25 A48 27% 1 Ik 25 2%, FLTE P 28 AR O INHAI 3558 T B (2 b 4k Jellyfish 99 4%
1SF 4 B AR K /N T FatTree [P35 86 72K 8, JF FLTE e FE 7 T 1A L3

Jellyfish == W 24 25 4 1k, BUAS T LL FatTree S8 %6 HO-F-34 42 K B2, JF 4241t T b FatTree 96 U122
e A B AL P P9 28 &5 1) AR A A9 A0 42 0l — N Bkl AT A9 B 28 2 Ta) )7 2 43032 BR AR ) A2 R B LB p - Jellyfish
FA S 1) SR AR A O B, o] Ak R EL TR B v 0 PR S 2 1k — ANk 5 Ah A SIEBIL Jellyfish B E (H AR
65 El1, A2 B AT 4 1 T I 4T K k.

2.7 OSA

2.7.1 BRI AR S A

I 4 A R PO AR AR, Chen 55 A 7R ZE 0 A ER AR IAA) 1 M e I 4% 07 SO 0 B 9 ER
HE 0 SR I 4% B 6 AR AR I A TR B 1 B ) RV B A T K e SR AR S ORI R P R i B AT TR S I T
BL LS5 % N

O I 5% SR i T R A 19 4 3 2 T o, VT A A IR 9% 4 i )t SRV ) O\ R I T LA B A 2k B /D
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B LB TE A R B b SR T gy 1 BT 6. 59 A0 D6 A AL BE FU AT e LS AT I 77 AR (1 B4 i T /> A 45 L BAHRE ISR )4
AR B 25 Tk, Chen 88 A$ HE T 35 T A8 3 I 0048 v 0 M9 25 14 R 458 OSA(optical switching architecture),
R AW 11 iR .OSA W B ZE5| N T GRS He b BRI 73 e B A8 e pLAE Ay AR B A
o AT AP (optical switching matrix, {4 FR OSM). K 43 Y6 A A B 52 X i) Nx N B, He v AT 72 4 N ot
AT DL 4 BT R 1 s 1. B BTRAT I OSM AR MEMS(micro-electro-mechanical switch)sE
L, E AT LATE 10ms LA A i 3ok AL bk tth 8 2525 7 P il 270 Sk T 5 i N R S 3 11 193 422
o P IEFEAT Ml (wavelength selective switch, i FX WSS).—/ WSS /& —A IxN R bl i —A~il F il v
ANV i 1) B e A eV RE N BRI AR AR N AN 43 T 3X AN i 2 AT LRSS AT I B
ERP AT I A 0, 0 S m A v R T 80 AN, B R ATE B 11 1 B Rl AR 1 AN~E8 20 MK K AR
30 AN~ 40 MEAFNET 77 NI R i a2 B A

Optical switching matrix (MEMS 320 ports)

R k] k3
Cir. ©@\ i
e e i
10 | -.
BIETIY _ WSS é [ N Optical Optical
\_T_/ |ﬂiﬁ| mux/demux mux/demux
& switching & switching
MUX \ / DEMUX \ components components
111 H - —
N
[T 5
U1 1 )
ToR, ToR ST A ToRy
My B3y Aw ToRy| | At A2 3 s Aw M Ay B3 Aw
—— Server Server Server
—— rack — rack — rack —

Fig.11  Architecture of OSA
11 OSA AR
2.7.2  OSA W44 2 45 46 KN %

OSA i F Fl MEMS/OSM [ 5 it 1 6 J7 i 1) R 36 30 30 JT 46 15,6 N A ToR g — AN &8 — A N
3ty T MEMS H 1) — A3ty T AR 2 MEMS A [ i 171 B FE, 3 R R G B4 ToR £E 25 % (1 I 2 ) LL 5 — A~ FHoAth 1) ToR
HEAT I AS W Nk A ToRs 3 38] MEMS 9 k AN 11, 454 ToR T AR5 & ANJL Al ToR J845, P k>1
#&—" ToR 1.

T SEI 2 kTR OSA TR B AT e >Rk 3] 100 4 Y5, [ (¥ 16 08 1. 22 Bk ik A2 b ) B — e 1 2 A MO 56 4t
N AR5 R R FE IR 615 5, 9 7E ToR HEATAS#e.OSA 0 b 5 B 41 S T 45 4 43 2 ) 4% B R 1 B 4%, OSA R
PP ISR +h S 2 2 =R K th (W oh B S
2.7.3  OSA FOGHHE L 45 53 B

AT e L AR e 7 2R AT VAR 1 S R AR R R L B RS 4 b 45 R, 91 B A AR R i et B
B SR ey W S B

EILA ) OSA S5 M T I — L2150 f5.(1) 76 4T OSA AR G5 Hyrh, — Ui iE UK B &2 DL & &
BCE 2 10ms B9 5200 308 5 B0l s O IS ZE /N T Tms, I HLE0HE A0 0 45 (045 AN 22 2 8 00, 3K 4 S i 430
MR T DO A R AR I Rk .(2) OSA AT I BE T 56T FfD A 4 B A MBS Frg S 4 v o L B R
A DAL Ay A, DA 2 85 ) T LI A 8 50 T ) J K RSB o0 ) 48 AR A Bkl 1 .(3) OSA R H 1) ToR
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A ATLASE FH 10 A2 AT A () I S 457 6 A% S R0 HL AR 5 A 2 110 A8 AL, 3 A 19 L 15 % e 8l v ) 4l L AR -5 A8 L
A LA

Helios #1 c-Through A& P4 42 H TR G OB S5 40, 78 B AN T BB o BF > ToR 5 — > HI AT 4 [0 4 Fll—
AP A T R 2% — AN 2 BN 3 2 IR B R i A LA (R AR 7E DG 43, B ToR X | AMiEHE S
HoAth, ToR ¥ 6 B, (H 21X A 6 450 AR R, e AR 56 iy I HL AT 7890 1) FH DG AT e 11 R GG 1.
2.8 TL&HIEH LML
2.8.1 SRR R LY

T Ee B AR AT DLAEAS D HEAT H0 3 A0 28 45 0 R R 05 1 3847 46, X i Ramachandran 25 A\ 7 2008 G255 £k oK
I T Bl o0 M 4% B 5 Kandula 48 A3 T Flyways!'®2' 3 33 7 ToR A L IA] 40 6 25 5 4 S 2 iR ML AR 1Y
A1 2 1) 4851, DA T 5 /0 1 B KA B BT TV AL st T &8 D) 6% AR tf SR il 2 T A7 P B 0T 5000 0 0 24 ) 5 SR LR B e
P E AR AR AR EL A, B TR A e R, TE R B I A R AR R S BRIV R, Cui 88 AN T I AT Z L i
K fiff FA R 55 2% IR 28, O To Bt A5 1 A Se AR i b s, 32 th 7 — A W I LR W/ 0 844 3R 45 4, Ak
RERIWE 12 FioR,iX AR A WDCNEL

KT AT 2 IR & R T30, Cui & N A HLEEVE ) — A JE 26 4% i B TG (wireless transmission unit,
faiFx WTU), QB 12 JIEH I 7R X B v AT AL A8 A 2 BEL 28 MR 4 A% i

@ —  HHK
__________ ToLk

Tk
i
LS

Fig.12  Architecture of WDCN
Bl 12 WDCN AR 4k

2.8.2  Jogkuk s =ML
Cui 25 N H o LR B M A S HL, R R R R T ok . e B IG . BEM A IX 3 ANy
o AR BT R A MTU W I0RF 8 IR &5 23 84 8 o0 MTU (1586 Sk 576 3k 07 57 OHE A b o 1t £ U8 O
PAT VR S A B G Sk e 6 T4 IR 6, 9T 10 s e Sk JL 19 2.4/5GHz {738 CAHER) J5 X 4%
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Lt i A R T A T B G R RT DA B A SR I o 5 A a0 A, I T ABIST EAT TE £ R
o HEBRUREEAEWCER T H RS B 5,k RS A T B LS AR i T AE . Cul AR T R R K
o e iR
2.8.3  TCLAM R L 2%
HF 60GHz Jo £kl 5 BiAR, Shin 25 A4& H T —Fh A Jo 2R 4244 (1 K ho0 I 455122 Shin 45 K A8 45 i 5
B B IR 25 45 715 5, VBRI 45 9 70 AT A A L R R H SRR AR AR N T IR B AN TE SR K IR 45 4 1
PR 0 A YRS ML 5 A, I e i 4 A A [ AL L AT T LA {8 b e ST KL T RS P R S8 A 1
T8I AP IR Le e — R T — AN R BRI PR S5 4. th T H M 23 32 B T Cayley I —Hb, IR RRH R
Cayley %4 10 (cayley data center,{Aj#% CayleyDC). AR 43X Pl 45 #4,Shin 25 A ¥ 11 T 4387 190 6 1t P03, 7T LR iR
55 F /D> 5 A A7 0 I 1) P o1 B0 8% e, R IE % H 1945 80 R Y Bk 3. Cay ley DC A it I )& Tk 554 9 L 1)
SR AR T e 5 (B A SR AR TR
1E 2 Shin 58 A F& (1 I8 RE, Cayley Hdl 0TI A5 JLAS ) —J& MAC JZ5e 4l oK Hh 2 T & 46 100 1 B
TRTCE M 5 (1) P e 52 H: I 2 B EIGR W AR =t 2 BV 1R B ) PR T Cayley i oL YT R
2.8.4  FLEHE L M2 BT
o LL&/ALIRE G
TCZe A B I S 453 199 4 3 4 AN TR s AN AR JF HAR £ T B An 46 TAE A AR Z0h o0 W 2 IR 8 By

it SR 55 0 L A S R R BE 9 (0 £R  ABTE 2 SO A S AL 8 i O A HIT SR T, A% i e S A B ) AT PR A T
AR AR O P K P28 575 A, WDCN SR 8y A e e 7 SRR A1 R o o B4 [ 25 LA R £ T4 42
KB e 7L T L 00 5 2R A7, 5 v a0 R 4 80 KA IR A A R SR LI S AN E 1), AT 0 3 41 1)
UK S DNIGE o8

o L

555 2.8.3 11T 4R HH (KSR, 4 o 2 0 b W 6 AE RS L 97 JE M R 8 77 T30 T I A /F 22 ) 78 (HE o 2k
AR ICIATIA (195 Ji& , 8454 FH JC e i R Ay s b /N R T e 5 2R £ B3040 v o B T £

3 BREFAPLHAR

7E R 55 3% g H 0 i 5 22 v R SR R IR AR T R 23 0 4 9 4, IR 45 2 AR AN TS G, i B 7 2 i T
R EES 5 o A RIS HT X807 i I TR e T TR0 B A AL R 45 AT
% 4 0] H A A AT 6 45 3% — 25 L B0 % 7 2035 DCelllY!, BCubel”, MDCube!® PCube!*¥ FiConn*!, 25 4 4&
#JBIFD HENPIZE
3.1 BCubefIMDCube

3.1 b g Sk gy ik

BCube [ 45t 32 B AL IR 4% 28 A AT #e WL P9 A 4L 4ETL. BCube KM T 38 VA B A4 2 75 75, BCube, HI 45 K9 n 18] 13
Jr7s B 13 BT EUE H,BCube B2 K n ARG 2 EH 2] — A n i D AS AL 7E B 13 H1,n=4.BCube, 514 1 &l
14 Fi7R, B 11 4 4> BCube Al 4 A 4 3ifs 1158 B A LA Bl 5 — M R 1% 0 S, BCubey th n A~ BCubey il n* AN m 3 (158
HHLZH B BEAS BCubey IR S 5870 k+1 AN D FRICH level 0 3 level k.5, —A> BCube; 7 N=n""" IR 5% 4%
k1 JZ BB AE— 2T 0 A n 3 DAL

BCube, [RIH L H0 41 F 244 n A BCubey, 4712 4 0~n—1.94% BCube,_, 1 IR 33150k 0~n"—1. 88 S5 ¥4 55
J > BCube;_; FIARS 4% § M58 &k 2ok NEB R k )28 MLIEE | ANMSSHHLMEE j AN 0.
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@@@ O sz

Fig.13 BCube, network
13 BCube, M %%

Lo Lan | " [ an |

20)(21)(22 23§

Fig.14 BCube, network
14 BCube,; M %%
3.2 HRARE A Z AR
WE ARS8 A=arayy...ag Bl B=biby ... bo, FEL B A2 B th B N B 15 s B 15 nT LUE i AEE kA
FI%5 0 {7,BCubeRouting FHKIEH] 4 5 B AFRIIALES RN —AN 838 4 5 B BIEAR T B & T Bk 04
B.1E BCube, 1 AF R PIAN IR S5 2% I AETE k+1 04T AR 53 40, 0 T AT 97 3 X 45 1 2248, Guo 2% A\ 4 BCube %
VT PR i BSRUL

/*A=akak,| ...ag %D B=bkbk,1 .. Ab();A[l‘]=a,’;B[l.]=bi;
Iﬁ[ﬂk,ﬂkfl,...,ﬁo]/i[k,k—l ..... l,O]E@*/I\{!ﬁﬁ*/
BCubeRouting(A,B,IT):
Path(4,B)={4,};
1 _Node=4;
for (i=k; i=0; i—)
if (A[m]=B[m])
I_Node| ]=B[x]
4 I_Node I NZE| path(A4,B)
return path(A4,B);
Fig.15 Single-Path routing algorithm in BCube
15 BCube 1 FJ A5 % th 5705
3.1.3 MDCube
BCube Bt it K] B A2 HE 2 A Hiahs v o, 1 0 4] L IBG A R A8 B0t v o L 49 2 S DRSS 1) 8t v L, 72 MDCube
(1 3 2 H AR G I AR A M RO I 1 3 A PR 2 S IR0 1) A 0 TSR L IR R 1) S A R A 4 1)
MDCube {f F§ BCube HAZ e LIK) i 42 H 2K B 24~ BCube 2364000 T SCRe80E MRS, e HDOLET
B Ay v T B A AN A B LR G R 2 1 4 2 I BCube B2 &4 1 k2 48422 1. IR G, 1 45451 BCube 23646 %54
PE— A AT A B AT 2 U D T R 14 7% 18 MDCube 51\ T 4 & 454> BCube 524 K AT WL
73k A A by T B AN () 2 B2 1 11— AR AR Ll L B — A 2 YRR ) ID R bR IR BGE 4R 2 DR A
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—AMERERPIARIRE D TG4 cID=cpep._1...co(ca0,m~11,d[0,D]) FELERE d b AMUTELERE d & ID oA R Y
SRR 2 AR — 4 4 30 3 I b 779, BCube $5 20 40 T AHE 482 T Jli— AN B 37 5 4 g I 45 341,
3.1.4 BCube K E4Hr
BCube 287 2% H 1 I 45 35 2 PO IR R 45 0 78 23 R T IR 45 28 AN 3 T8 AZ 4 LIV e e Tl e 70 SCRE R =
JIB 55 2% 1 ) IR BERATG T A 8 J AR, 1 kg 5 v o W 285 1) T 2 5 U7 1) .BCube K7 RARME 2 B 42, T A4 AL T 11k
S AN St I ik 0 RSB 65 R 1 0 T R AR 2 R A R 55 sl A8 AL R AT BCube BT LS it 0 LAk
T B, AT 4R TR S5 R A
BCube HA7FfE—HEA 2
(1)  BCube H{f FH 35 38 15 M0 AZ e WL 3% B K 02 1) MR 45 o, MG A 45 3L 75 AR 22 28 LR e o 384 17 S A
24 (¥ 0k 5 H A AR
(2) BSRHUATHF,BCube 2 HR I ik 55 5% 18] 4776 1) k+1 45 B 42, I 1T s o e £ 4 12 76 < BT A B BT (all-to-all)”
T A A H I AN o s 3 R A K Y T A R T S .
(3) BCube ZREFA RS LA k+1 Aui 1L, AL H AT IR 2 906 R 25 2% LARF 4 T 20K, 7 2k AT
THH .
3.2 FiConn

eI B YRS 40 H AT 2 SR E H BT AR AU 1 3, 55— HuE e HLIZ R & T Li 88 AT HT 4 H 3 1
HEAT 45 s LI (R AR, AT BETE T — AN LR S5 #0, 8k N FiConn!®* A3 A FiConn H1 1) i 45 4 Ak FHT 5 A X R 3 11
—ANERL B HHL, Ty AL 2 55 FiConn 55 s

FiConn & — A~ 5 2 X 45415 2 FiConn HH— 2% 2 FiConn #4 . Li ¢ A\ ¥ k |2 FiConn #5711} FiConn,.
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Fig.16  Constructing method of FiConn,
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Fig.17 An example of FiConn, with n=4
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