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To accommodate the rapid increase in the amount of data traffic, the capacity of
datacenters is expanding rapidly. Datacenter networks (DCNs) utilize electronic
packet switches, However, the increases in the speed and capacity of electronic
devices are slower than that of data expansion. Furthermore, electronics are too
well developed to reach very near their physical limits. To achieve a breakthrough
under this situation, optical switching schemes have been widely examined to
replace or collaborate with incumbent electronic switches in a DCN. This report

reviews the current status of such global researches on an optical DCN,
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EPS: Electronic Packet Switching
OCS: Optical Circuit Switching
OPS: Optical Packet Switching
ODCN: Optical Datacenter Network

»> ¢

(2% 1) DCN 7[&2e| U™ FA|



(% 1) Mot Z DCN 7|&

At e | 3= za 5%

— MEMS 7]%Fe] OCSe} 71&

Helios[6] EPSE 83 7%

Hybrid

— HyPac 74l &gt OCSeH EPS

c—Through|7] |Hybrid s9 2z
- O -

~PON TS} ool 2914
WDM-PON8] |Hybrid|~ LON T oTHY =41%
=2 H

~ MEMS/WSS 7|ute] %2

O5AL9) R A

Hybrid

— SOAS} MEMSE ©o]-&3t

HOSI10]  |Hybrid| 2o e

— & v ST} EPS

FISSIONL1L] [Hybrid| o512 gy
— = ="

- &AER 9} SOA 7]“&

F70-

Space—WL[12]| A%

ot

g AYA] -
STIA[13] AF |- *HE" i *lﬂ Asdd =z
- AWGR 7)6E 2914,
LIONS|14] A |- JH = 3l AO-NACK 7]<
*}%
TONAK sy | B4 AO-TOKENZ} AO-NACK
LION[15] O Tz Ay
MIMO-OFDM | ;. |- CAWG 42}, MIMO ¥ PSD
[16] SO 71
— SOA 7]4t9) JHS’]/Q/H EEH
Data Vortex - Eatpy
[17] T = AY/ZY /ol 2EE WDM
;AR
‘ |- AWG/TWC 7]%F 3%} Clos %,
Petabit|18] 3 za]9] A 2013
All-to—All[19]| A |- WR 7]¥te] g 4 7|4 o] &
MO | |- a sjolaelE ops/0Cs T2

— SDNI} d3F 7% 7]4t

COSIGN2L | 4% | /w7

N
ot

— slotted TDMAS} DWDM A~ 914

NEPHELE[22] %0 At
o

2y
o

— % 2P e, B 29, 3
B9 g

HOPR[23]

&)
ol

SRRI=IITH6]. c—Through= HyPac
L=]iste, shefell & 7t 1 FAlE 915
OCSE %L*éé}ﬂ, *J%OH EPSE A3} 7]. WDM-

Al B YEYA(PON) 12
5 E4AE flgt A ZiOL oleyl AYA(EPS)
= °-8sI3tH8]. OSA=
ToR 9]0l Axp4] Zxy

IHg- 2 / ZMICH CIO[EMIEE 23t & 291

EES A3 9= MEMS/WSS 7]5He] 52 2j7t4o]
7hsgt FxoltH9], HOSE 7]129] Al ofaz]Ao]
A A9)R|9F Fo] AQRE HOS A9} o] k=R
At ZAOR of|7] =Btz EPSE ARSI F1o] k&
+ MEMS® SOAE AMgste] 34 & a7l A9)3 o]
7Feotes /dotr10]. FISSION 3 H& Wi

gQ1a} EPS 29X 5 Ajfsto] Suivk Au] A4S X
Y 4= == BT 1],

g 291 719e] 3 DON 7]9] =8 542 thaat
2t} Space-WL2: M2 37H-ubg 2904 25
[12], STIA= &2 F-ARE 43dd 25 A
at9.om[13], LIONS= 149% dioleAlEE $igt
5 AWGR 7|8t AXA Ao A4 F HEY
Aj¥sto] mhg b wha o) gepE A9
tH14], TONAK LIONZ LIONS 2$]2]2] 74l vz
B §AE A B Yl % NACK #29] AWGR 714F
TONACK 29J25 A)oteto] gH HAE =533
tH15], MIMO-OFDM-S- CAWG 424k, MIMO ¥ PSD

71&o] 7]Ekel Q2 DON 12E & 6} 16,
Data Vortexi= 135 378 9 dlo|elAlE] 25 9
ok A AR YEHAR 25 Aokl en[17],
Petabit= 3% Clos YEH= 7]9ke] B9 gl= 3 29
A 25 Ajkste] ZH|Ql 7|9 A9AS st
(18], All-to— A]1~AWGRAJr FTLe] o5t Ad 24 7]k

2 2R H(WR) 712 o83 25 AR 19],

F3h LIGHTNESSE SDN AJofel Agts]o] dglo]g
AEY A AuaE ﬁl#o}t 3 stolHE2|= OPS/
OCS FZE Aokl om[20], COSIGNS SDNI} 2
& 715 7|4 TDM/WDM ths 25 AltekaicH21],
NEPHELE= SDN 7]&& Aloj=l= ojeul 3 TDMA
dolHAlE YESZ 25 Aesigie22). 121
HOPR 3 2hdl A2|7], 3 2907, 37 HHE AR
ato] 3 DCNS +daHacH23].

718 HESR 71 S 91



84 7& F8 7|5/84 o R E/A%
_ A4 EA| o
0Cs 294 ii;; WA AT s, MEmMs, AWG
—TI"d
Ops gz [T EE 2l SOA, TWC, AWGR,
- dlojg A% AVC, PLZT, FDL
% ToR [dlolE #, ¥ 5441 [FTL, BMR, FPGA
2994 Aoj A2 AR E A g9

& DON= H85k= 84 7]5& OCS 9%, OPS
291A], 3 ToR 2914, & 2913 Aol 715 ol 9l
H, 38 HF& @ A%EE TWC, AWG, MEMS, WSS,
FIL, BMR 50| 8lth. o1 (& 2)¢fl efaiaict.

2. X2 ¥ DCN 7|& 917 Z2dE

& oA lolelAlE W 28-S 913t F YEH=
7% T Aot ZEAEQL T 7)ol tisf At
dlolelAlE B UEYA P=ist 8 o Z2HER
L 899 FP7 9 H2020 22 1S B3} Hd Z2 4
1=

(% 3) Z DCN 7|& §i7 Z2NE

3} E |LIGHTNESS| COSIGN |NEPHELE| HOPR
Zg ey F7 F7 H2020 NICT
s g| 4% DON | Lo "5 | w9 DCN [HOPR 7]
SUEE qlmat A | D Doy (2R A sl A
- Hol/7d |-
]
YEYA| Flattened |Flattened/ gd?lli/tlli Flat Torus
EES DCN WDM DCN
plane)
A9 Hybrid Multi Hybrid Single
24 | 0CS/OPS |SDM/TDM| OCS/OPS | Platform
Ao} SDN 7%+ | SDN 7|4 | SDN 7|4k | SDN 7|4k
& 4x4/ 4x4/ 4x4/
(T3 8% 8
. 100x100 | 192x192 | 80%80
/84)
, % ToR, | POD/ToR |2kl Az,
% ToR. | ppaa—sic| ~9% B&S
= s _ — B
B %};%Aj;g% OXS | TDMA | 297,
B 2914 AAEY | ST
1211~ | 141~ | 1592~ | '11.9~
oz 12 14, 15, 11,
A7 5 10 16.12 18.1 16.3
- DTU % | NTUA 5 | NTT &
T 3 = S S o
%10%7]“1:} UoB 6] 67H 137H 77“ 47H

92 FASLSEEAM M33HE M1z 2018 22

32 % DON # o Z2HEES qoksiglt,

S¥olA: LIGHTNESS[20]2} COSIGN[21] Z&7]
EZ}FT 22N 3= a1, @A) H2020 21
HolA NEPHELE[22] Z2AEZ} Zlf=]a Qlck
LIGHTNESS= Hlo[elAlE & Qlzets Algdhe A
B E Hybrid OPS/OCS DCN 122 AlekslirH20],
COSIGN-Z HAl F 7|&S gt Argsto] ol
F DCNof| 283 = Q= &4 ARttt 24].
NEPHELE®: slotted TDMA2} WDM 7148 ©]-8-3}o]
gdol 2 dloleAlE] Y F YEYA 25 At}
o] A% Sl leh22], [25],

7}, LIGHTNESS

LIGHTNESS?] DCN 2= (1% 2)2} Zo] 7]& o]
oul 2912 719k DCN®] HehFlattened) -30f o[t
Yl 297 gjAlol] OPS9F OCSE #-g-ato] A
OPS9] 739~ SOAC} 2hl H2j71E ARE-sto] 4xd w7l
293 Adstgon], 0CS2] < Polatis TfolH 2
A ARGl 100x100314 2914 85 AAsI
t}, 100G 8% AgJdh= FPGA 7|4t 3 NICe= & 2t
EAL07 10x10G DWDM CFPe} @y BAlgo8

DC Cloud
management & || management
orchestration system

P s T e £

Network
applications

Northbound interface

Northbound APIs _Inter-DC CP_

interface

Unified LIGHTNESS Control Plane

:_"‘_“_‘_'_-_-_-,, Southbound
interface |

CP-agent

EEEEI]
0@ JoNuI-enu|

(22 2) LIGHTNESS DCN TZ[20]



it

= Intra to inter—=DC interface r“
~ pm— TR |
{ L OPs | DWDM_

| I
I
‘ -+ " AoD AoD
{ ‘ t OC8  |gwmew 0CS
1tit] 1 I
2= = 3
i r> B TR o -
K
Server 1 Server 1
c 1 ...Cluster
Server K luster Server K M
Rack 1 Rack 1

(22! 3) AoD OCSE AtEst ¥ 7Z[20]

24x10G VCSEL MiniPod QIE]Ho]AS |3}l 9o
], Edj A2 dloje] o] EAJof whe} FHEsto] thE
29 HRE Adeles it &, &3] AL A4
e a5k o= dlolE Egjge OCSE Ags)
o] Zrom AXTHo] Fa3k EgjEe OPSE
et 2 7 A8 93 F ToR A9A1E WSS &
AWGE AME3PH, LET 100Ghps DP-QPSK tﬂo]
257N Te A hg 4= ek WSS 3 ToR9| 74
7h 313, AWG 3 ToR9] 74¢ 14 oA A]&m}:}
AREE NIC, OPS, OCS, ToR A9)2)= ZoF 139
SDN 718k &3 Aof el sl AofEtH26],
LIGHTNESSOI|A] ToR#+ AZ=o] DC W % DC 7t

R
0
i) iz

=

oorr e
N

Fhotonic switch

A rranel ) Ty
Processonswitch

W 2

Control

OPS/0CS ToR

Input 1

OPS/OCS ToR e B

switch

OPS/OCS ToR

OPS/OCS ToR -
Fhotonic
switch

—Pm Fixed 1%

—_ >
;. F s

A9AL Sisks OCS LB (18 3)1F Zo] AoD
TEE Z—,%’SP}";E} AoD 2+= 3D MEMS 291x]¢}
ojg] F AlTAg] BEE(SSS, OPS 297, EDFA %)
o] AL F MEY %Y} & AEHoR YT
AoD Fxolxf= ofg] F HEE 1 o] =] 9l

A ghot 200 whet fsHA 24 4= s ARl

SATH20].

LIGHTNESSOIA OPS 2947 (19 49 &2 7
25 ZH=th20), 95 LEE NANERM Z P
sfoluj7} Zkzt MY WS 7)Y ZE 55 7k
o} ZF gRke ZF ToR A9R|of dgtEn) ZEY A9
A= =HE 271, SOA 71N} B&S 1x2917], 29
N AESHz TAEY} $55Y B2 Kl A
7IWS)ek o Heb|(WO)= 7d=o] =24 ToR
2§j Aol egeh= 59 ato]Hof St upgo] = 74
of TFEA (= otk A9 FE= QHE RF
= Y Tlas ARl ARk %011 R
= 7Sl SEteldE 59| 2h WAE
7He] o] F 381 RF =& #0229 éﬁﬂ
Eofl AfQlstel M) upof Ao} Hwict, o
M e e} 2 ZER S ,
o] HER Az|=o] £2| of FARI0] A= ATl
== Aol lrH26).

© lm
)
2

ofL O
=
i pE rlo = =

Contention resolution

Selector WC at 2, OPS/OCS ToR

-
> Control

Contention | W OPS/OCS ToR
resolution

Contention A —————
resolution OPS/OCS ToR
Contention | A OPS/OCS ToR

resolution

(22! 4) LIGHTNESSS| OPS AQ|%| TE[20]

M 2| / XMICH HIOIEIMIEIE 2t & AE



==
ER)

| ——
L
=
m

Fan—out 'm il “Fan—out”
— MCETL MCE. N
Lswion ] witoh = swihon HH—
L = [
Core Quster! Wmi-r ﬁfv‘fij DIl 55 ;x;..,[j

[ o O I e 0N
| e g lnﬁjl

Nemrk — Network
7| Node " Node

“DUT's approach for multidimensional—-switching—based DCNs

SDM fibre (i @
i..MCF.FMF)

Intra=Inter
aeiad OCS swic

: witch
; Ny
:

S5 || Hollow Core
PBG fibre

(23 5) COSIGN DCN #Z[24]

1}, COSIGN

COSIGN Z2AEE E3) dlula 2ofj(Technical
University of Denmark)olA] #|¢st WDM &) -9k
S BelAEtek(UoB)ol A AIQKE Hek 127} (7L
o 5ol L} ek WDM & +29] 749-, 293 WA
2 ThAd SDM/TDM A913 02 A9 ALHEE o]
%9] MCF/Fiber/WDM/TDM 29J25 #4-5l0] 24
o S9E A9AE sHeE SIgith SDM 7] holH
+ MCF, MEF, HCPBF 50| it} £3] NIC tfAld]
FPGA 7|5t SICE AMEste] 7158 (CPU, HX2e], A%
g2 Hol w2 HFE Eo]=(Disaggregated
computer blade)S F A2} gL o8 AZSH 4~
UES BIGITt, BE oAM= & WAIZ WSS/AWG
719k} 3 ToR £9JAE AME-So] ThE ToRY} 214 ¢

PA
%
S —— o S
i SDM-based Fibres I Do g /,%
| - . | RN 5
1 Multi—core fibre | AQ:OOQ A
i Multi—element flbreg i Optical Fast Switch ¢
Others:e.g.,F0llow Core ns, .
! ’ - ! Total infer
— Photonic Bandgap fibre___] Reﬂetltlion
Mirror
N = Digital
TOR with . I, osition
midboard Large scale optical feedback
optical Switch 2D piezo
P ; - actuator
Integrated
o . Position sensor
Ontical asrp+ I ml i Fibre collimator
ﬁllga SFP+- =t i DirectLIght beam—steering

C\ xress switch
Optical ToR: AWG, AWGR, BV-WSS, Fibres Switch

(22! 6) COSIGN DCNO|| AF2El C|Hlo|AS[21]

94 TXSLSEEAM M33HE M1z 2018 22

A3ttt OCS & 2$1A%& MEMS 29jx]of| vjg) &
Ao] AL 192x192 Polatis THo|H AQA|[27]12 AR
BFIL, OPSE 114 291X InP 714 3 7|48 AME-
gk 4x4 AVC OXS A9IAE ARESste] 3818l
COSIGNe|| ARl 28 HE/FFo| (19 6)o] Uet
Ic}, COSIGNE- 3 vlole B A& fxldor =
Agro=H A% DONS 3Fsto] F ol BH 7|&
A 9 s 7S mRskaL QieH24),

4x4 AVC 715t OXS= (C1F 5)<F o] 2913 12=
EYA0] 24 HIE Y3t 16712 HHH A
A Az " A4 AC A BEEEAE
On/Off 2$1%& s=aygich. &4 7 521 24| 4x4
OXS HE2 AVCe} fAE Bisej4] InP 7|8 3 2
= PDL §/Jo] $aitt,

t}, NEPHELE

NEPHELE:= (71 72 Zo] WDN & 25 7]
O 5l glom olF Fislo] vy W 2R &
ek 4= ek, 3 293 ToR 2929} POD 2914
7} Qlek, POD 29421 WDM & Ujo]] slute] k=s
Tdehe E 7He] B g 1F0 R RF=rh POD &9
Ao A= POD i 12 9 POD 7F A4S 9lal OPset
OCS 716 B =343t 4= 9tk o1& $13l POD 29
2= (23 8)T o] 379 1x80 AWGS}F 80742 1x2



SDN controller

TN\

Pod switch

OpenFlow messages

WDM ring

Storage

Storage

Pod

Storage

(2 7) NEPHELE DCN Tx=[25]

'Switch | == [Switch
1x2 1x2

)
Ao

”T(_)RA ToI;W ToRW = ToRA
(33 8) NEPHELE POD A9{x| 7M=[22]
WSS 29125 ARESt] 80x80 & T+asklth
ToR 29j212k0] AAL 1x2 PLZT 2929 AZH =
o]FoixIt}, ToR A9A|= 114 aPg7hH $417|(FTL)
OF WAE BT AZIBMR), dlold szl Aeg
FPGA, 4x4 PLZT 29J%X& 8|5} gt NEPHELE
SDN HEEZeE 53 POD % ToR A9A& Alojd
4= Qlt}, DCN9| Aloj= TDMA 2A|Ee o] <Ja)] 43
=, TDMA 42 Bt &5 7|HEe. & o|FojAi,

gt 2AIEY] Zol= 16.8msolm, w7l o] 20012t
7= BH 10wl 80719 &%=zt 2AIEe] 4
ol & EdfY g wet |ek 4= glrk

2. HOPR

AE NTTO A= (28 9)2} Zro] HOPR¥ OpenFlow
HEESE A3 oY B (Torus) EERA]
DCN 25 AIjkslaieh23] Eds BEE=A= 1t
ShaL A3t 2hed datejgol 7hsste] S IjuE
Uz 2Ry W] AR5 £Y 4= Qlek, o] 20
A OpenFlow 7|9He] SH53 Alofet 2hdl A 7]
HEO] EAk Alo19] Ao T stEglo] S ol
A OPSe} OCSE W7 A3 e <= Qlh. =212 DONS
o] Fojuar HAA] FEZ} tfefsto] = Aol
Al BRET FYo] Lotk Aol glo HE &
o] Hasiths Wls 7HAAL QIrH28], HOPRE
100Gb/s B2 &5 A Ysh 2pll JEE o83t 1
7 2O F AAS ARt S B 24

F W AfH9f T Y F FREOR L, 3 )
7L 29| %)= 2hE A2)7], 8x8 3 A91A|, FDLE 4
=

o}, 34 s CMOSYF 100G (4x25G) T37hH
/BM 3 £&/2=A17|2 o2z, 40G (4x10GbE) ToR
2929} 3 A9A] 7 H3IA] ke 4=asit}, FDLI}
T Wi S5 g gy 22 AR, T3

Torus—datacenter network HOPR }_

Label
) OpenFlow PrOCEssors ontroller]
100Gbit/s controller
@ax4n o/ 77N\ N : Optical (==
| \ ) Switch  fms
f—
X —

Fiber delay line buffer
Optoelectronic shared buffe

CMOS: complementary metal—oxide semiconductor

(23 9) HOPRZ} Torus—DCN T1E[23]

A4 2 / ZMCh HIo[EMEE 2ot & ALE T8 HERZ 71 S 95



NXNANG
Nn

1% N optical ——~—_

switch

1X N optical
switch

1XN optical
switch

Optical gate

Optical gate
—

Optical gate -/
Optical gate XN

splitter

Photo J

detector
Input signal

(a) WR 281%]
(@ 10)

(b) B&S A%
WR A%|X|2} B&S AYX| £X[23]

FDLS OCS 3] 324025 AbgHIcH29],
HOPRO A 314 % 2932t WR 2917/}
B&S 29107} Stk o] F 291719 727} (17 10)
of Lot oleh, WR 29131 54 7k 98] (TWo)ok
MNAWGE TAEC}, AWG] &8 TEx %}a o}y
of <J3) 2
Aoz HHezA U A2 U 59 3
2 EYE A1 5 Glek, WR B A9 AWG £4 5
) glo] a4 (42 S = - 08 1A
2 4 9lom BPgifo] $4:5ht, WDM 53 Hele]
A5 Gk, BRS A91A IV B AEeEe B
Aol Taun, Yok 2o LE] G 2E B Aol
ES Agste] N FIAIAL AEAYOEN B
29)3o] I, BES F A9X|E 2904 EE 47
Z7¥stel 2 o] F7huE Bhglo] AgtELt,

U TaE TaE
F Aol EQ] Tt Alo|= BlE A Be S 4

(& 4) AR X0 [E HOPR H|w
T+ & WR 29| B&S 29|
29013 8+ 8% 8(10Gbps) 8x 8(100Gbps)
A90H A7E 10ns 10ns
R AR 10Gbps 4% 25Gbps
2] A 2.25W/Gbps 0.09W/Gbps
L 2 380ns 100ns

96 TXSHSETEAM M33H M1S 20188 2&

34 DCNof| AHe== 3
OBS/OPS7} ¢loH, OCS2] 749-+= i%’%%l Al7J°1 S
4 me7h AQEER 7120 Ao 7|E2 AV §
u} OBS/OPS—J 789 o ws/ns o|HE THESto{of 5}

29 Slet A28 glo|g M5} Alo] 7]
%01 %ﬁé}vk F 7 293 $13t dlolg HEat

o
2913 Aol WAL (& 5ol vlwsieick, dole A4
Ao R ERISR(TS) A4 AT s/l A
tlol-/i]

9] Btolie frAlsl7] f1sf 571
7t B ash, 94-‘% 7] WA Wi F7] WAo] Slck
95 &)= OTSS[31]2] GPS$} IEEE 1588 o]83}
= A7F B7) WhAlE TSON[32]2] Bl AlEE o] 83h=
=9 571 WAo] UrH33]. W 571+ NEPHELE

(2 5) & W3 294 7| Hlm

A5 85| 2903 84 Aof HhA g o
HE7] TS | RTSA, A4 0TSS[31]
=7 TS RWTA, Alz19% | TSON|[32]

[SRIESS
7] TS RTSA, 274&3 | NEPHELE
Hl57] TS | 2AE8, OMAC | OPST[34]

B&S olwie sdepdl ACK | LIGHTNESS
oM ajul
WR 53 /A0 NACK LIONS
RIEAVE |
WR AO—-NACK, TONACK
AO-TOKEN LION
WR, B&S | Qli= Fehdl v HOPR
. : 2A1EH, o=
o ’
=9 | T Repa, Ack, wsi| MO




oA Zgahs uie} o] ZeY 7] H=EHR)S
o] AIBRE HhAjoleh 2914 Hhlel Qlojits 2
913 A Ts¢] elo] 5717} Aagh 5] TS iz e

ol E7|7F o) §= vjE7| TS vH)o] 9t} el

&5 PoflAe AYA A2 AT ERlEES EY
517] 9J8ke] RTSA/RWTAS} 22t &) ¢tare]

o] dasiu], A FE HuE Sk AR/ A

& Axp7t Dasict, OPST[34]014] 2-8-3F OMAC 1
7Y% CSMA-CA MAC ZREZS o]g3lof 3 )
& sl S5 Bujshs WAoR ¥ 2o

mln nlx

/2P AL SRS AMgle] A9 ARE o

IS L offl=el o] e, 571 3% )
W4jo] glie], s (FDL, 3 HM —>ﬁ il 2

(ot
ofo
o
5

s HosAA Al»@— HOE, of% WE A
Fol ARS Adsh, DM &2 59
9 5120 olel 5k 2 S oAl A

Yol A= ETRIC] PSON ZE2AEo|4] 34 DON 7|
2 7 A7t AT QeHs), (2 1ol Zo)
PSONL #3 vpal 122 37)9] 7)%, = PFS, PFW,
PFCZ FAHC}h PRSE 494 lHgo=A FIL,
BMR, 90x90 AWGRZ 3=H, 5= 15 o|fe] 293
A7 360x360 EEL] 291 §FS RHEESITY, PFW
L AHEYE] 10GhE HoEE EfYLE w9l

T 2 / XMICH HolEMEE fIBh & A91F T8t

PFC

o
90x90 AWGR —| I

gl
e

Photonic Frame Controller

10GbE
PFC i
PFS @ Photonic Frame Switch
PFW : Photonic Frame Wrapper
PSON : Photonic Switching Optical Network

(3& 11) PSONQ| =

PSON 11-8-2] PF Z#|2lo] 3lga}e] PFSE H U= PR
A4 7153 PRSEHE 2= PF ZyYe Fsio
10GDE H|o[El& F==0to] AR HUj5= PF $ 7|
=95 L3stl PR £t W A 7158 1A= FPCA
olg3te] Fglth PFCE Hlo|EAIE Y VIESS
o] ¢ Aol & A ¥ 715E THH R Yt
LA AR AT ERlER S Sl AR

o SaeES Aljtetel 4-8-813itH35]. PSON
TEE 7B DCNY %33}
°

l>_ﬂj_m1mo

dolEliE o Edhe Skt e Aul ao)
o W= Qliete] Shu Y=Y A 2 A
Aelo] A7E3 glovt, 71E AR T2 2914 714
7o) vESiARE A} ol HolElE Y=g
0] Aol AFET S BESIH ol
F71A) GHe B A9 7149 m¢lo® ofF Jua
% olek, AAH O 3 slolepile WESa a0l %
2913 WAl chl ofe] 71 ¢h7t Aol gt
AR )2 S9EPS) 7148 ASH: B 2904
7142 % 84 2930097 % 317 2913(0PS) 7]

HER=R 7I& S 97



0] 9l} OCSE A% 74s0] AHE8tElo] Qlof Qo]
7K, OPSE obd ARgatallol 714 St
"ol A7} o Pastch, web 0CS7E 94 A8
of EPSSh B84 A/ 5ol He= walo] A} £4)
g A0R Holn|, FFAOR B M W F ohz 29)
A BE AR A 2914 J]ue] I DONOE
WS A0 R oA,

CIOIEHHIE] LIEISDCN) CIO[EMIE] Lo & 252 ¢
o T U ASIF 8|2 TAEl= YEAS0IC SHKY DON
o AN W2l A JlHtoR PAE0] Qo e s
Bolet M2 ML 270) T2 SH3A, 8IS, My, X
o 59| 2xlz S0 A 2o oMY wat g A9
& 7lsrel & DONe= Flskel HYo|c,

ofo] He|

ACK Acknowledgement

AO All-Optical

AoD Architecture-on-Demand

AVC Active Vertical Coupling

AWG Arrayed Waveguide Grating
AWGR Arrayed Waveguide Grating Router
BM Burst-Mode

BMR Burst-Mode Receiver

B&S Broadcast & Select

CAWG cyclic Arrayed Waveguide Grating
CFP Centurm Form Factor Pluggable
COSIGN  Combining Optics and SDN In next

Generation data centre Networks
CSMA-CA Carrier Sense Multiple Access/with

Collision Avoidance

DC Data Center

DCN Data Center Network

DP-QPSK' Dual-Polarization Quadrature Phase Shift
Keying

DWDM Dense Wavelength Division Multiplexing

EAM Electro—-Absorption Modulator

EDFA Erbium Doped Fiber Amplifier

FDL Fiber Delay Line

98 HxIEASESEAM K33 M1E 2018H 2&

FPGA Field Programmable Gate Array

FTL Fast Tunable Laser

FISSION  Flexible Interconnection of Scalable
Systems Integrated using Optical Networks

GPS Global Positioning System

HCPBF  Hollow Core Photonic Bandgap Fibre

HOPR Hybrid Optoelectronic Router

HyPac Hybrid Packet and Circuit Switched Data
Center Network Architecture

ICT Information & Communication Technology

InP Indium Phosphide

LIGHTNESS Low Latency and High Throughput Dynamic
Network Infrastructures for High Perfor—

mance Data Centre Interconnects

LIONS Low-latency Interconnect Optical
Network Switch

MAC Media Access Control

MCF Multi-Core Fibre

MEF Multi-Element Fibre

MEMS Micro Electro Mechanical Systems

MIMO Multiple-Input Multiple-Output

NACK Negative Acknowledgement

NEPHELE eNd to End scalable and dynamically
reconfigurable oPtical arcHitecture for

application—awarE SDN clLoud datacentErs

NIC Network Interface Card

NTUA National Technical University of Athens
OBS Optical Burst Switching

OCS Optical Circuit Switching

ODCN Optical Data Center Network

OFDM Orthogonal Frequency Division Multiplexing
OMAC Optical Media Access Control

OPS Optical Packet Switching

OPST Optical Packet Switch and Transport

OSA Optical Switching Architecture

PFC Photonic Frame Controller

PFS Photonic Frame Switch

PFC Photonic Frame Wrapper

PLZT Perovskite LLead Lanthanum Zirconate Titanate



PDL Polarization Dependent Loss

PON Passive Optical Network

PSD Parallel Signal Detection

PSON Photonic Switching Optical Network

RTSA Routing and Time Slot Allocation

RWTA Routing, Wavelength and Time-slice
Assignment

SDM Space Division Multiplexing

SDN Software Defined Networking

SIC Switch & Interface Card

SOA Semiconductor Optical Amplifier

SSS Spectrum Selective Switches

STIA Space—Time Optical Interconnection
Architecture

TDM Time Division (or Domain) Multiplexing

TDMA Time Division Multiple Access

ToR Top of the Rack (switch)

TS Time Slot or Time Slice

TSON Time Shared Optical Network

TWC Tunable Wavelength Converter

UoB University of Bristol

VCSEL Vertical-Cavity Surface-Emitting Laser

WC Wavelength Converter

WDM Wavelength Division Multiplexing

WR Wavelength Routing

WS Wavelength Selector

WSS Wavelength Selective Switch

Snion|

[1] Cisco Public, Cisco Global Cloud Index: Forecast and
Methodology 2015-2020, White Paper, 2016.
[2] A. Hammadi and L. Mhamdi, “A Survey on Architectures

and Energy Efficiency in Data Center Networks,” Comput
Commun, vol. 40, Mar. 2014, pp. 1-21.

[3] L. Dittmann et al, “A Roadmap for Evolving Towards
Optical Intra-Data—Center Networks,” In Proc. Eur: Conf.
Opt. Commun., Dusseldorf, Germany, Sept. 2016, pp. 1-3.

[4] C. Kachris. K. Kanonakis, and I Tomkos, “Optical
Interconnection Networks in Data Centers: Recent Trends
and Future Challenges,” Z2EFE Commun. Mag., vol. 51, no.
9, Sept. 2013, pp. 39-45.

|
=
_4

to
~
S
=
=l
i
=)
m
[P
m
i
0
ro
O
I>
Y
02t

(6] 14 &, “2A4x] 132} 71 HAFEAIE TR, #1323
A2, 2017. 2, pp. 13-23,

[6] N. Farrington et al, “Helios: a Hybrid Electrical/Optical
Switch ~ Architecture  for Modular Data  Centers,”
SIGCOMM Comput. Conumun. Rev., vol. 41, no. 4, 2010,
pp. 339-350.

[7]1 G. Wang et al, “C-Through: Part-Time Optics in Data
Centers,” SIGCOVMM Comput. Commun. Rev., vol. 41, no.
4, 2010, pp. 327-338.

[8] C. Kachris and I Tomkos, “Power Consumption
Evaluation of Hybrid WDM PON Networks for Data Cen—
ters,” In Eur. Conft. Netw. Opt. Conuun, Newcastle, UK,
July 2011, pp. 118-121.

[9] K. Chen et al., “OSA: An Optical Switching Architecture for
Data Center Networks with Unprecedented Flexibility,”
IEEFYACM Trans. Netw., vol. 22, no. 2, Apr. 2014, pp.
498-511.

[10] M. Fiorani, S. Aleksic, and M. Casoni, “Hybrid Optical
Switching for Data Center Networks,” [ Hectr. Compuit.
Eng, vol. 2014, 2014, pp. 139213:1-139213:13.

[11] A. Kushwaha et al., “Flexible Interconnection of Scalable
Systems Integrated Using Optical Networks (FISSION)
Data-Center—Concepts and Demonstration,” ZZEF/OSA J.
Opt. Commumn. Netw., vol. 9, no. 7, July 2017, pp. 585-600.

[12] O. Liboiron-Ladouceur, L Cerutti, P.G. Raponi, N.Andriolli,
and P. Castoldi, “Energy—FEfficient Design of a Scalable
Optical Multiplane Interconnection Architecture,” /EEE J.
Sel. Topics Quantum Electron., vol. 17, no. 2, 2011, pp. 1-7.

[13] I Cerutti, P.G. Raponi, N. Andriolli, P. Castoldi, and O.
Liboiron_Ladouceur, “Designing Energy-Efficient Data
Center Networks Using Space—Time Optical Interconnec—
tion Architectures,” /EEE.J. Sel. Topics Quantum Electron,,
vol. 19, no. 2, Mar./Apr. 2013.

[14]Y. Yin, R. Proietti, X. Ye, C.J. Nitta, V. Akella, and S.J.B. Yoo,
“LIONS: An AWGR-Based Low-Latency Optical Switch
for High-Performance Computing and Data Centers,”
[EEE J. Sel. Topics Quantum Electron, vol. 19, no. 2,
Mar./Apr. 2013.

[15] R. Proietti et al., “Scalable Optical Interconnect Architec—
ture Using AWGR-Based TONAK LION Switch With
Limited Number of Wavelengths,” /. Lightwave Technol,
vol. 31, no. 24, Dec. 2013, pp. 4087-4097.

[16] PN. Ji, D. Qian, K. Kanonakis, C. kachris, and I. Tomkos,
“Design and Evaluation of a Flexible-Bandwidth OFDM-
Based Intra Data Center Interconnect,” /EEE J. Sel. Topics

718t HEQT 7|1 S5F 99



Quantum Flectron, vol. 19, Mar/Apr. 2013.

[17] O. Liboiron-Ladouceur et al,, “The Data Vortex Optical
Packet Switched Interconnection Network,” /. Lightwave
Technol, vol. 26, no. 13, July 2008, pp. 1777-1789.

[18] K. Xia, Y. Kao, M. Yang, and H.H. Chao, “Petabit Optical
Switch for Data Center Networks,” Technical report,
Polytechnic Institute of NYU, 2010.

[19] Z. Cao, R. Proietti, M. Clements, and SB.J. Yoo, “Experi-
mental Demonstration of Flexible Bandwidth Optical Data
Center Core Network with All-to—All Interconnectivity,” /.
Lightwave Technol, vol. 33, no. 8, Apr. 2015, pp. 1578-
1585.

[20] LIGHTNESS D2.2, “Design document for the proposed
network  architecture,” 2013,  Accessed  2017.
http://www.ict-lightness.eu/

[21] COSIGN Deliverable D1.4, “Architecture design,” 2015,
Accessed 2017. hitp://www.fp7—cosign.eu/

[22] K. Tokas et al, “Slotted TDMA and Optically Switched
Network for Disaggregated Datacenters,” /¢ Cont Trans.
Opt. Netw., Girona, Spain, July 2017, pp. 1-5.

[23] T. Segawa, Y. muranaka, and R. Takahashi, “High—speed
Optical Packet Switching for Photonic Datacenter Net—
works,” NT'T Techn. Rev., vol. 14, no. 1, Jan. 2016, pp. 1-
7.

[24] Xi Chen et al., “Monolithic InP-Based Fast Optical Switch
Module for Optical Networks of the Future,” Znt. Cont.
Fhoton. Switching, Florence, Italy, Sept. 2015, pp. 294—
296.

[25] P. Bakopoulos, “Optical Switching for Scalable and
Programmable Data Center Networks,” Symp. Opt. Inter-
connect Data Centres, Dusseldorf, Germany, June 2016.

[26] LIGHTNESS D3.2, “Implementation Results of the OPS
Switch, the OCS Switch, and the TOR Switch,” 2014.

[27] N. Parsons, “High radix All-Optical Switches for Software—
Defined Datacentre Networks,” FPoc. Eur. Conf Ofp.

100 ZxtSASEEA X33 H1= 20184 2

Commun., Dusseldorf, Germany, Sept. 2016, pp. 1-3.

[28] K. Kitayama et al., “Torus—Topology Data Center Network
Based on Optical Packet/Agile Circuit Switching with Intel~
ligent Flow Management,” . Lightwave Technol, vol. 33,
no. 5, Mar., 2015, pp. 1063-1071.

[29] Y. Huang, Y. Yoshida, S. Tbrahim, R. Takahashi, and K.

Kitayama, “Load Balancing in Switch-Fabric Type of

Torus OPS Data Center Networks With Hybrid Optoelec—

tronic Routers,” OptoFlectron. Conumun. Cont. Held, Joint-

Iy Int. Cont. Photon, Switching, Niigata, japan, July 2016, pp.

1-3.

A <], “dlo]EAE U F ESTE $Is ARE B 7N

o ¥y 3] 2% WA Conf Hlectron. hnform.

Commun., Daejeon, Rep. of Korea, Dec. 2016, pp. 243—

245.

[31] N. Hua and X. Zheng, “Optical Time Slice Switching
(OTSS): An All-Optical Sub-wavelength Solution Based
on Time Synchronization,” Froc. Asia Commun. Photon.
Cont,, Beijing, China, Nov. 2013.

[32] GS. Zervas et al., “Time Shared Optical Network (TSON):
A Novel Metro Architecture for Flexible Multi-Granular
Services,” Opt. Exp, vol. 19, no. 26, 2001, pp. B509-B514.

[33] a2AkR, 218 o], “IiRl 7Nk g VIERPSS 1%k ARE
7] 71" 2017d didkdAke s3] s ekatiEl, 2017.
8, pp. 1633-1636.

[34] J. Dunne, T. Farrell, and J. Shields, “Optical Packet Switch
and Transport: A New Metro Platform to Reduce Costs
and Power by 50% to 75% While Simultaneously Increas—
ing Deterministic Performance Levels,” It Conf Ttrans
Opt. Netw., Azores, Portugal, 2009, pp. 1-5.

[35] J. Song, K. Han, D. Kim, C. Park, and K. Kim, “Low Delay
Switch Scheduling for Data Center Optical Switch,” ot
Cont. Inform. Comnun. Technol. Convergence., Jeju, Rep.
of Korea, Oct. 2017, pp. 1250-1252.

H
w
&



	I. 서론
	II. 광 데이터센터 네트워크 기술 동향
	III. 광 패킷 스위칭 기술
	VI. 국내 연구 동향
	V. 결론
	약어 정리
	참고문헌

