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Abstract

Explosive growth of traffic demand both inside and between data centers has resulted in a new wave of cutting edge
research in the networking community. Inter-and Intra-data center research problems were identified and various
solutions aiming to reduce networking cost or increase energy efficiency have been investigated. The growth in traffic
demand in the big data era was accompanied by distinct characteristics in flow size distribution and delay tolerance.
Data volume was dominated by large flows that are very few in number, and such flows are typically delay tolerant.
How these characteristics may be used to tackle the challenge was discussed, followed by our recent work in big data
transmission. The BLOC (blocking loss curve) framework aims to provide a framework with which hybrid switching
systems combining packet and circuit switching can be studied. The time-shifted multi-layer graph is a generic tool

that can be used to analyze the performance of circuit switched networks with bulk storage.

Key words

big data networking, hybrid circuit/packet switching, store and forward, data center

2015019-1



STUDY R

1 8I8

PLUE BRI AR A5 R i A g
IR E20%K, N WL =it Aw
R, S TS ETE T, IR
THEARFBIR R I SRR s e AT
R ) ZE SRR Y, 19984F 4 Bk
W EGFI R A i E &L MB, 200048
#£10 MB, 200347100 MB, 20084F
F=1 GB (1 GB%T1 024 MB), 20144ET
TR E10 GB. M= RitiAE]1 EB

(BI1 024 PB) HII[AIFE20014F 2 —4F,
E2004 A — A H, 2007442 —, 1M
FE20134FA T — K o FRIE M AR R >
W, FER AN A R A T AT, A
Z REIRAAAET AT, — 4 RE s
P IEAE R SR,

PEFI , A K 10 4FE 4 BREL B K48 0
501, X HUEHEFT AL AT IR 55 2S5
FEIEIMORE . X EHIRIITEAE . AL B
L, i W2 F i i 4 T R oA
A e SR 2 HETION, ASRJULAE N, Zl R
U [E]H U B R LABEAF 34 % 1 158 FE 5 4
FI20154FKFI1 ZB2, 78 W 4% 5 il 14 it 1
g, RO Z R4 AR S £ 5
AL, HG AR R RS e b, H v 4%
TR FH 803 BN KA A o 24 43 R THT
(iR R PR o — LI (R 1], S
A R AL R 5 AR R R (BGID
B AT SR AL BEB 27 1 7 =X, T AN
ALy SR AR XA E
T 190 285 A ) e DAL PR E ~7 E Ske
P PR NG € N E AW O NS T e T
Ji¥ R R IR N PR R e — I

AR B f M X RN, R dis
2 H AN AL BT 35 B ) RE VR FE AR AN T 1
hne #Egevt, 20064 (UAESE R, Eodg O

&I es —FITHAERHRBEDN 0L T I, IF
HiZAHer e st i 507100, F]20104F, %
PP OB FE R HLAE 2 BRUSVLRB IR FE Y
1.3%, fEEE, XMEFN2% . FErAS
73 =T, R EEIE R M HBTAT10 Gbit/s
THEFNA0 Gbit/s, W4T 2 AN A
JE A REFE R A H T O B Al RS DL
43 AHZE e (TP) Sy 2 fil o0 2% 152 AR A RE #E
bR B = KA R HUTTREE, XE LA
JERFE IACE S O s A e oz
(] ) 28 45 A0 Ay ) 75 B, TR St L B 22
AR AL R R 8 it B Bl A& S A
18, S1P— Al 5 R AR 28 #e Rk Al
R AN R R T RE I IPAL B, /D&
R B R T BE IO CAS e AL B, XA
A T RE R R e A A2 REFE R TR

2 AHERCHETRNE RSN
MERRHE

g8 2 BH, K Z A I AR R 25 24 B 3
1 3 A1 HE LT 38T O AR AIE , /D& i B e
THFE T RAR 4 W25 35 56, nfml <22k (2
o TR B . AR R g O
Zg i, DAZZ B s M5 S E AR (5
KB, #hERM) #&E EH90%U E, H
It FAIASE10%,. K (100 MB~1 GB,
AR5 fEEE R HE10%00T, H
i FEIE90% L, IFH H A H 4
100 MBZEA IR G2 A SCA-D i
Ky, LRI AR IR IR BIGBRE R TBR
Z B, YT REWE 3L, BIRm A
AT AR TR RL K, IE TR SR9R,
FIHIA 877 208 5 BRI R R 4T If
HHTZE Bk (per—hop) ZLBE, W4 %4 1%
R IR T IR, AH . B B U VE FE
AEHEw, SRk R R msiEEL. S
B, KGR B 2 (A eI se 4, o fil

1
http://www.
emc.com/
collateral/
analyst—
reports/idc—
extracting—
value—from—
chaos—ar.pdf,
2011

2
http://www.
cisco.com/c/
en/us/solutions/
collateral/
service—
provider/
global—cloud—
index—gci/
Cloud_Index_
White_Paper.
html, 2014

2015019-2




BIG DATA RESEARCH A#ifE

0.40H| ——F R/
0350 —o— B b4

it

el Al TN

o 0
110" 1

1)(10](!

1100
F K/ byte
(a)

1x10° 1x108 1x10'°
WK/ Mbyte

(b)

100 10 000 110"

B HERDOERIEHERE T KB MEHSE

PG 45 I S0 e 2 BRI M LA RS2 1
71 98, #5105 2 B A2 BN A
06 X DAFSE RAEO)

ST, VASERWTSE . IR | e
PrBR | KR A T R AN O 2 TR 3R )
H N R R R L oK, #A—
AL F AR, At o £ e A A Y 328 2K I
JEESREEN TN, NEI2JT 7R o IS E 538
WA BRI A A I R], (H 225K 4 %L
i B i 28 IB IR [R], S LR A2 s
B f SE B A 0 G 5 o] T L LT HR
(RN L X (=N SR RN I RED S Vo= w1
LIS VAR & €1 S W IR NI L BES 754
TEEIAXS G B, HRRH AR AL
FELER2T TBHIEUE, F5 AN ALy
RN G3AT T W« YL AL SE HIAR A58
PUAR oY 22 A B gl v Lo 2 [ () 22 0 5

<ij FHERUE
it
2 z || B
SUNIR | i i3 T a | By
CERWD) | & BIIR || R | Ogw
| SRS C>>

2015019-3

2 ERIIEXEAN TP

BRI e, 8RR 43 Sk O N JE R AR A
TRl g, AR, I L] 38 36 N I AN
FABUR Y AR TR AL Ge i Sk 3
E T 45 v, 5550 B9 50U 28 B
FAEAE I 4R IR, — 7 T S K 5 i 28
TSN FH R B, 5 — 77 T R R A I
AR A A FRUO, I8 2 BRI M 25 FR e
PRI AT FE N,

KA A DA b BT R AE SR W 25 E R
fi A HHLE 255 5 /INECH R ) ) B, PR A
IR 2% 2 IR 540, L R I 48 R 28
e L4 AEREVRIE, A, R B
Fo ol B H AL . J00RE A T RE e I 4 1 IR
TR, [FNRACRERE . MM =2, A
SYHT R A 37 R i AR e 5 A
fE, HARZH B AL R ALHI AL T AL

3 XHEERNNNZE

QAT A, E A AR A O N 4%
FR A3 Y A L BE T AN BB IR FE 3G KT
TRAHI B o M IEE I AR O A fE
T, WIE T 28, A R0 O X A P
AR R R R IR AR A A TS
5 o I AT A AE 45 (A 0 0 2% 45 ) <5 7 T
] I8 FH 5 ORI S DR AN 28 318 N X R 4
el T5 T T A TR



STUDY R

31 RAXHREHIFABLOC (blocking
loss curve) {E%2

3 A2 H T P % A A A R [
P T 2 4 75 2o FE HAZ HRALE T, W
AT A WA T, i SR
FH LI v B B IR FH R, [ N L 75
RGNS O, RERE, §RMEZE, 1R
HAL B ZZ R AL TS, 24 719 5018 1HAE S LT
BE A B R G v B M R A R A, IF
ity 1) vty ) PR R SR HEAT AL B HL R AS
ISR TR, (R TR A, R
WM FR G R P AR I 3 A #e . AR,
A& o 2R B S H B T3 o R AR
A, BEARTT A A A FARE RN ST,
FAE20034F, EEA LML KFETH
A2 U 5T A I T R S R AL
PR L B AR G I T e, 98 R AL H A
Pt 52 R0 R RS /N B, FOL B A8 i A8
et T im B . 20054F, iEERInE
KFLeeFEANWIFE— P NG FIFRETIX
R 2% B RE o R AE, AHI L 28 /R ZR K
FTucker BHIZ G HET X 225 SCHR[19]H
M T R (o), gt — 254 7 —Ff
AR R BRI R0 20064F, H
KIRFUR FMorikawaZ 706 s 42 1T
— MR A RS2 WK e s ARG ok
I 26 BEH , RS2 I T — e 43 A8 #i
' L B 28 4 I B A $1 j E AE J R
20084, HHFIHf Ghent k2K im &N
P 508 SR 2T, BT TP S

TR B 25 1 R A i AR Y 120, 201 34F,
Raimena VeisllarifE—/~4E k152565
FEUR TS A RS A, HFSLEL T
10 Gbit/sH BT i 99 % G i 7 )
FHERE2

2010424, R A48 #e N T 404
PR W25 I B FE R R 29200 7 X a5
H, SRS R N T EE RO R 25 HR,
55 1% I 4% FR I B R A B B ST R,
X F— A LB A G, TRA A R
T LUK I 245 1l AR B 1 22 ok g — 2, ¥
W 45 REFE FEAR N E RN 1 /6, IEANZ 2 3C
Mk[26~281H 45 i, & BLHLRELG HL/ 200
FERLEEASH, SR SLILASRAR A A | (IRAERE
KIALTTY T W 45 1) 8 2 B o JURTATAR
MR G2 ) TAER R,

INEIFAT UG Y, A SRR R
AT RN AR T, 1R85 M=
THAEHRZ H, Be B, B E 2K
2Pt e FH L B A H B 0k, a8 gk ot R R
M 2R AL B, A BT BRI T A BB FE AN 1 AN
B o AR N Z I R R, T A
REH—E WA, B RS E 7 F R 7=
B AR IR], FOL B AT H AN T RS H
Fp B2 (] 0 I o =255 B 2 i [ 2 Y,
Qne] - T AR R P B R L 43 ZH 22 H 2
i, LIE/NMURG R | BRARREFEECE
BRI 28 # i 4 R fH 2655, 2 — AR
SRR

THEHEARRSRSTZESTH 2
2 2 W 25 A R E R R e e 5
LT WEM, AT ARG A He o 245 H

®1 BRREVESRIRHRILL

W5 AR IS RenE| 451 S

IR AT B/ SIS ARG LB FHT R LIS AT Had 6, BRI 7 o 45 e HL I S
ML BT HR A BT fek ARSIV 53 AT H AL B 78 8 L 5

G L AL 0 BT B HAT B 25 0 SRR T4 AL B Fe i S A

Helios®!, c~Through®" TR AT ST R, BRI, it s i g

2015019-4




BIG DATA RESEARCH A#ifE

UL TR RL B, 2 HBLOCHEZE .
BLOCHERLK: 2 G bt il - A = Se M e
giaisk, TV EW H RG5O R G52
e 22 G¢ BT IR o3 TC SR W A B A R RE
B3N LR SERERE N AL BRI BLOCIR
oo M AR T I 43 A AT 0% 2K ) It HE L
B, DNAERR 9 53 T 45 53 422 #e ) W 95 (LD
BRSO Lol 3H R Al 2l R G
REA R HIIR AR H R IR EF (L, KO
AN KB ZE R (H LR . W% R 28 T A0 B
I BT 70 43 D s 98 BRI 4 FE A9 AT A7 X o AT
17X LRI O BRRE e RGE TR
FRELR, M AB W 2 BH 28 SR EDOR AT BT 40 T
T3 ECL R R 2R Se itk e o I3 AR R 2
A RN BT T, FEZ R R GER
B KA RE AT BE Y43 i 25 P B 28 46, PRI
PISZBL R GEREFERIIR/IME

BLOCHEZAT ARH Tz A9 k. fian,
TH PR FR S8 P IR E 5 37 40 L A B 9
IIBCHIR 2, AT LAARAG DU R LA~ F- 2 I HE
N EFRIN, Z2GE B o SR

3.2 KHEHFREANNESEE
T, I T b B

A
100% - === === == === m oo
Bm X
[ ]
(]
=
2 G
= Sl
e
.gg [ :
#® AL /R,
LI 4 2 A M S G B A 100%

2015019-5

3 BLOC {EZERE

AR T7 =R, O B R AR A
(packetize) F4fE1E B W 4%, [l e # X 2%
PLCRIIARSS” w77 oE X B H i, 18
AN RE T, #0050k | H AR EUE
TS o3 2 L =R 5 4 M 45 B o 1 T I 4%
AR 22 S AR AL, TRl — O s/ 18 2 ]
56 0 AR [R5 4 1 1 25 W] BE 7 AN A1
BSFIR], 70 W25 A= P FR B, X Fh 22 0l T
SRR o A5 LARE BN 7 AR 2 L o
I 6% B BRI LTS, 28 ZE (/R &
4 R G 2 ML AT, 4E T
PURGE I ZEIR RIS, W4AT N
FaEmI 8, W45 AT DLRE B iR 5 3 2 ik 5
g (2, BEAE W44 R S i i 1y
P EE G N, K4 fn=& R = [l 2 5

2 R I AR, 7R 0 4 S 0
09,

X — [R5 | T R B A 9 24 R L) R
EEL TN R b e S X | N EPNE Wb/
= ZR 58 (B0 43 04 (DPD) ) o8
(] S, B (2 AR 98 N B 3T o AL D] 4% 2 A
HRRIE, PRZR T N & B A B I AL R
N7 S e Rk 22 PR R G i ) IR 6% T R P
o NHTRTIR, AN £ 0 75 1 A ]
FSEGBEH A, B2 KRt
S AR T BRI ER, %o i 25 11 B g 22
KRG G238 52N A ECAA I 25

FE— M E A TA/ER, David Breitgand
AR R 3230 2 B, K 7 AT g8
B % AU gUBAR M S5 78 I 45 kAT
T (XHTEE) , wbefTmE g
M55 (R BT il 50 o Z5 SRR, IX P i
R AT DUAT 380 41 1o I 28 B AT 3800 08 R R
(goodput) B2, Nikolaos Laoutaris®E A
I S E R R Oy B S N UK B e £ P
(delay tolerant bulk data), F4}xxF
IS I AN, $12 R R R 6% PR s 5 i
TR AR B o X 7 AT DAAE A I pl AR
MITTHE T, TEIUA 4% 58 iR T BE R



STUDY %R

TR BT R IR A g T
W T2 3CHR[33~35]

XA 7] ST L T L IR A R 1 ' R 4%
HE WS PR T RE. S F
SCHRI36]1HY, Hiroyuki Miyagifs A$z Hi
2 [ 1R L I AT AN TR, D938 K g Bl A
IR & S PR, AT B IR R G 1 FHL 2655
Dragos Andreifs JORE i< W 45 s 88 1k
I A AT35 5K (deadline driven request,
DDR) JIit 45 [ ik Sy — MR & B S etk
LN AR, 48 (7 R R SR, 5K
b At I R 34 B AR A% i 4 T [P
25 SR B A A He (AT IH N 45 15 05 R
ARG RES I, FESHCRR[38]H7,
VEE BN ZR G A 58 7 FE T AL ) RIS S

(flexi—grid) W% HDDR LA E FE IR 55
[FIRH, %550 B R SR FE R IR & =
A BT R 2 P RE AN IR A 3

AT & 2, REPRS AR R #k
A (] EEESR, SR b A 2 I 24 o 545 i R
BESRAE T —AHT A 1], AP
A7, ST b 2 P 245 5 U TG A R R A 0
TN LE T o A B TR IR 45 TS L
T, Feor FIRE R SE R # R TR 225,
T LA 2 A v I 45 B PERAT SR R SR A
LI R RE T

AR TN 26 R 2 e U5 R T Sk T 3
AIAEFE , LAk AR & 21 [A] AR 1S
BONEME, i, fEERARR A ESRE
MIH “2 2 2380 0 4540 K28 1 v 580
WHICHTTE b, RHNE 22K (time
shifted multi—layer graph, TS—-MLG)
A& I 22 2 1R i B A B 4 T 2%
TR B A P R Ty e s T R, I
seipupt e ¥ NEFS R NE =S B EIPO Vi
(1 “IFIR]” 4% 8% (Bltemporal link, 55|
TGN R 23E 84 5 (RPspatial
link) ), FaE—A~ R 45 o2 Y88 AR 2
ERFNE S, GE 4TI o O AR K 24

4 NB2EE

TR Z TR AL i AR T i _E A, T LA
I A2 R ] B as AT 2 SE A i R P
Peo HAE UL, IS 2 22 R — AN IR A
XAV A I P A A, A8 B T — T B
IS FH IR

REIR, FNEE A Z, TR NE RS
PRI N . WP A R, BMEAE R s il
ST, WA RE KA AT L2 TR
IR A HIE AR . HAh, RS BA R
AN, R 2 B AT LR T LR A RD
RIS FHge A o W T AT R 26 % BHL 2
YL F R REE ST, A S
H R EOR K BT R 2R S N 45 PR RE A 3T
Ho NS Z RO T— T il A
W& B FIAREZR, Rt RZOATH LS Z4
R, DI IO 5% 117 8 B UM A7 O R 1
T, ARAR R B

3.3 BfE XS E ML
L T4, B0 i 75 SR R R 245 2 TR

2015019-6



BIG DATA RESEARCH A#ifE

2015019-7

o J& S H i R BLAR ZL s O M 2 S
i RO 4 Bl b 1 8 i A LRI AR A A
Wrd K, Ao NE 2 AN EEREF L2
(] P 2 A i A8 it SROBR SR Sy, 28 00
LR S Bk A o H % 5 HE R N 4% 5 BRRT
JIR 55 Joit e A [R) s b AT T 2 3 L o %
FRR I o9 B FR S BEATLA, B S 4%
(software defined networking, SDN)
TEIXF T 5 N HEA: T, SDNFEA AR, 18
T AR A AR A 422 AT I 4% 719 i AR i BB
FIFFaT R, R A R 2K A S R 4%
BRIRHEAT A BT . SDNAT R 7041 =X
F ¥R B 25 035U BUTVAR,, RIE 8 R . 4%
FHP, 5 3 K s 1 10 57 FH B (8 A5 B
S T 25 B8 P AN I T4, BRI 454
PR ZR I, $2 75 M 4 BRI R FH =2, (2 Rl
FN I A et

OpenFlow/ERNSLELSDN Y — R AT
SRR, AR JUAFEARE] T T AT
SEAR LRI 1287 . OpenFlow B R 4417 5
M s T R e, ITPAmRAE ok 5k
G g0 TR THETT UG
FERECIR IR T 5T, I BT Im i o U
B ERANLH] AT DA 80 3 A S P A 2
ZE . OpenFlow X it 19 8 SN R4, 7
LR A% G843 2N 26 i T e 0 v SO
AR, AT DL HaL B A8 60 o] 465 H ) FEL £
FRIFAE AR . I, OpenFlowZHsL
3 LA H o 2 I, 185 A8 488 o 245 1] 5 ) 12
T—E RIS EA  FEAL IR ST, AR
ARARAT] . Verizon AT SEHE B L
AL LR (SDN-OTN) , HA ML E .
RPREHT 58 |« Zm R i =K, Al DA e A
KA ENME S Pk F & A WAL T B B
T HESE RS, I A8 i AR 15 [A]
AL AR | AR 24 2 IR R B AT I 2 A
DA S Mg — . X415 0penFlow/SDNJ
R 22 JE U 2 ] e 2 o S TR T8
pajiiprisea

(] JB5 5 T J L0 43 e T DR B,
SDNE 5L gk 720 T 20 8 £ vp =0 8%
Y5 BN AR R R AR BoP g SR, 2
TE R E I 1 %0 35 SRS T B9 987
OpenFlow/SDNAE Ay L p 42 1~ TR 52
AR, KA BT 58 R BRI 4545 BT >
PR R M, ol A 22 J2 AR 25 3 [0 2% 1) 97 o1 ~F- T
HIEIEI%E T 48

4 5FE

KA AL o W2 PR e, BE 2 I 28 430K
RIS o PR BB, KB AU &L
Po R AR AE AR T LAE N LS H 2 (255,
R B D HE B ) 4% 52 ARG T ) FE P B
Ho A R TEE DU 2 Ml 55 F B A
AT 2K o AR fa] S8 50 F1 I 8T
FHAIE, AR AR S 477 UL, 2 il ok
AR E AL i o H 2 B B 22 KU —
N A 4 AL A SR, AR T RE AR R E
FITR T TR IR . IR IR, TR
FAYRE FE AN LA A A, Rl 4544
BT AR AR 2R B e 4% A8
FELE 245 B AG S W, bk 2R EE A
AV S IT IR AR 5 o 12, HETHISETHER
AEUBE 8 IR Y PR B SOE AR R B S o
D] e KR JEE S 9 o 2 P 7 SR AR 7 2 B 95
E7nd el 1] b RUERTA I A 2/ ¢ Bl <y VAR B Y A
2 H AR R, IR IS EE

SENM

[1] BRB#. REE MRS 5P, K2,
20134)
Wu H Q. Opportunities and challenges in
the era of big data. Qiushi, 2013(4)

[2] Robinson S, Ferguson R. The storage and
transfer challenges of big data. MIT Sloan



STUDY R

Management Review, 7 June, 2012

[3] Greenberg A, Hamilton J, Maltz D A, et al.
The cost of a cloud: research problems
in data center networks. ACM SIGCOMM
Computer Communication Review, 2009,
39(1): 68~73

(4] ZEA, AP KBRS RERFHL
LU R A EE A Mg AU R A BB T
2012, 27(6): 647~657
Li G J, Cheng X Q. Research status and
scientific thinking of big data. Bulletin
of Chinese Academy of Sciences, 2012,
27(6): 647~657

[5] Pollack A. DNA sequencing caught in
deluge of data. The New York Times, 12
August, 2011

[6] Heller B, Seetharaman S, Mahadevan
P, et al. ElasticTree: saving energy in
data center networks. Proceedings of the
7th USENIX Conference on Networked
Systems Design and Implementation
(NSDI), San Jose, USA, 2010

[7] Koomey J. Growth in Data Center
Electricity Use 2005 to 2010. Oakland:
Analytics Press, 2011

[8] Davis A, Jouppi N P, Mclaren M, et al.
The role of photonics in future datacenter
networks. Optical Interconnects for Future
Data Center Networks, 2013: 67~93

[9] Chen Y, Jain S, Adhikari V K, et al. A
first look at inter—data center traffic
characteristics via yahoo! datasets.
Proceedings of IEEE INFOCOM,
Shanghai, China, 2011: 1620~1628

[10] Briscoe B. A fairer, faster internet. IEEE
Spectrum, 2008, 45(12): 42~47

[11] Laoutaris N, Smaragdakis G, Stanojevic
R, et al. Delay—tolerant bulk data transfers
on the Internet. IEEE/ACM Transactions
on Networking, 2013, 21(6): 1852~1865

[12] Laoutaris N, Sirivianos M, Yang X, et al.
Inter—datacenter bulk transfers with
netstitcher. ACM SIGCOMM Computer
Communication Review, 2011, 41(4):
74~85

[13] Mahimkar A, Chiu A, Doverspike, et al.

Bandwidth on demand for inter—data
center communication. Proceedings of
the 10th ACM Workshop on Hot Topics in
Networks (Hotnets 2011), New York, NY,
USA, 2011

[14] Feng Y, Li B, Li B. Postcard: minimizing
costs on inter—datacenter traffic with
store—and—forward. Proceedings of
the 32nd International Conference
on Distributed Computing Systems
Workshops (ICDCSW), Macau, China,
2012

[15] Handley M. Network neutrality and the
IETF. Plenary Presentation on IETF,
2009: 3~4

[16] Liou C. Next—generation inter—data center
networking, special symposia 2: next
generation data centres — paving the way
for the Zettabyte era. Proceedings of
European Conference and Exhibition on
Optical Communication (ECOC), London,
UK, 2013

[171 Fernadndez—Palacios J P, Perez L,
Rodriguez J, et al. 1P off-loading over
multi—granular photonic switching
technologies. Proceedings of European
Conference and Exhibition on Optical
Communication (ECOC) 2010, Torino,
Italy, 2010

[18] Xin C S, Qiao C M, Ye Y H. A hybrid
optical switching approach. Proceedings
of Global Telecommunications Conference,
San Francisco, USA, 2003: 3808~3812

[19] Lee G M, Wydrowski B, Zukerman M, et al.
Performance evaluation of an optical
hybrid switching system. Proceedings of
Global Telecommunications Conference,
San Francisco, USA, 2003: 2508~2512

[20] Vu H L, Zalesky A, Wong E W M, et al.
Scalable performance evaluation of a
hybrid optical switch. IEEE/OSA Journal
of Lightwave Technology, 2005, 23(10):
2961~ 2973

[21] De Leenheer M, Develder C, Vermeir J, et al.
Performance analysis of a hybrid optical

switch. Proceedings of International

2015019-8




BIG DATA RESEARCH A#ifE

2015019-9

Conference on Optical Network Design
and Modeling, Vilanova i la Geltru, Spain,
2008

[22] Veisllari R, Bjornstad S, Bozorgebrahimi
K. Integrated packet/circuit hybrid
network field—trial, Proceedings of
Optical Fiber Communication Conference
and Exposition and the National Fiber
Optic Engineers Conference (OFC/
NFOEC), Anaheim, CA, USA, 2013

[23] Wang G, Andersen D G, Kaminsky M,
et al. c=Through: part—time optics in
data centers. Proceedings of the ACM
SIGCOMM, New Delhi, India, 2010

[24] Singla A, Singh A, Ramachandran K,
et al. Proteus: a topology malleable data
center network. Proceedings of the 9th
ACM SIGCOMM Workshop on Hot Topics
in Networks, Monterey, CA, 2010

[25] Farrington N, Porter G, Radhakrishnan S,
et al. Helios: a hybrid electrical/optical
switch architecture for modular data
centers. ACM SIGCOMM Computer
Communication Review, 2011, 41(4):
339~350

[261Bazzaz H, Tewari M, Wang G, et al.
Switching the optical divide: fundamental
challenges for hybrid electrical/optical
datacenter networks. Proceedings of the
2nd ACM Symposium on Cloud Computing,
New York, NY, USA, 2011

[27] Kachris C, Tomkos I. A survey on optical
interconnects for data centers. [EEE
Communications Surveys & Tutorials,
2012, 14(4): 1021~1036

[28] Sun W Q, Li P Q, Li C. Seamlessly
transformable hybrid packet and circuit
switching for efficient optical networks.
Chinese Optics Letters, 2013, 11(1)

[29] Miyvazawa T, Furukawa H, Fujikawa
K, et al. Development of an autonomous
distributed control system for optical
packet and circuit integrated networks.
Journal of Optical Communications and
Networking, 2012, 4(1)

[30] Vadrevu C S K, Tornatore M, Guok C P,

et al. Vertical and horizontal circuit/packet
integration techniques for the future
optical internet. IEEE Network, 2013,
27(1): 52~58

[31] Milton M, Hadi A. Deep packet inspection
and bandwidth management: battles over
BitTorrent in Canada and the United
States. Telecommunications Policy, 2012,
36(6): 462~475

[32] Breitgand D, Raz D, Shavitt Y. The
traveling miser problem. [EEE/ACM
Transactions on Networking, 2006, 14(4):
T11~724

[33] Chen B B, Primet P. Scheduling deadline—
constrained bulk data transfers to
minimize network congestion. Proceedings
of IEEE/ACM International Symposium on
Cluster, Cloud, and Grid Cpmputing, Rio,
Brazil, 2007

[34] Agapi A, Soudan S, Pasin M, et al.
Optimizing deadline—driven bulk data
transfers in overlay networks. Proceedings
of the 18th Internatonal Conference on
Computer Communications and Networks,
San Francisco, CA, USA, 2009

[35]1Li R, Eryilmaz A. Scheduling for end—
to—end deadline—constrained traffic
with reliability requirements in multihop
networks. IEEE/ACM Transactions on
Networking, 2012, 20(5): 1649~1662

[36] Miyagi H, Hayashitani M, Ishii D, et al.
Advanced wavelength reservation method
based on deadline—aware scheduling for
lambda grid networks. IEEE/OSA Journal
of Lightwave Technology, 2007, 25(10):
2904~2910

[37] Andrei D, Tornatore M, Batayneh M, et al.
Provisioning of deadline—driven requests
with flexible transmission rates in WDM
mesh networks. IEEE/ACM Transactions
on Networking, 2010, 18(2): 353~366

[38] Morell J A. Adaptive resizing of deadline—
driven requests for provisioning traffic
in elastic optical networks (master
dissertation). Miami University, 2013

[39] Sara R, Agarwal A. SDN approach to large



STUDY R

scale global data centers. Proceedings of
Open Networking Summit, Santa Clara,
California, USA, 2012

[40] Mckeown N, Anderson T, Balakrishnan H,
et al. OpenFlow: enabling innovation
in campus networks. ACM SIGCOMM
Computer Communication Review, 2008,
38(2): 69~74

[41] Das S, Parulkar G, Mckeown N, et al.
Packet and circuit network convergence
with OpenFlow. Proceedings of Optical
Fiber Communication, Collocated National

Fiber Optic Engineers Conference, San

{E&E Y

Diego, CA, USA, 2010

[42] Yang H, Zhao Y L, Zhang J, et al. Multi—
stratum resource integration for OpenFlow—
based data center interconnect. IEEE/OSA
Journal of Optical Communications and
Networking, 2013, 5(10): A240~A248

[43] Liou C. Next—generation inter—data center
networking, special symposia 2: next
generation data centres — paving the way
for the Zettabyte era. Proceedings of
European Conference and Exhibition on
Optical Communication (ECOC), London,
UK, 2013

1, EEEREITEAl S5

HAR, JEAe e, JERIL S,

s HE: 2015-06-15

IR, 5, M, MBS SN, BEHIIE TR R AR S | B REE M M4

BT, 5B, Wt RBAAHE, A, EER R SRS E, BTN Ot

WIS AR FhIAR, BT A REER RHRAEE 4N, RER, 2015019
Sun W Q, Hu W S. Networking challenges in the big data era. Big Data Research, 2015019

2015019-10




	07-15019-Yk:

