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HOPI= Internet?2 3|21} ODEL] 7|20z FAME 3749 MEJ Eloz
M EICt  Design Team, Corporate Advisory Team, HOPI Testbed
Support Center 12|11 Research Advisory Panel2 %[0 QULCH

*HOPI Design Team
Internet20 Q@MEOF Tojst YEYI AXLIOjQ MAXR THE|Of
Ct. Design B2 20034 7t2 Mg EOHD, =7| S O/2f HESR
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rot

*HOPI Corporate Advisory Team

CAT &2 Internet2 corporate 3|22 St m{EO0|Ct. 0|2 HOPI
Design El1f HOPI ZZMEO| Internet20f|AH = ATE SHCE ESH Of
22 ojZa M2 ALK 7|&, MOE® CIXtel 3 79, 58 7|8 1

=
;
2|3 SHo|E2|E HET 2l 2ot 7[sHe XAs MS

*HOPI Testbed Support Center(TSC)
TSC B2 Mid-Atlantic Crossroads(MAX), North Carolina Research and
Education Network(NCREN), Indianna University(IU)2| QMX|L|IO{S2
ME|O] QIC} ZF XZXIS &}0|HEZ|E Y EQZo MED Xo|X9ol J7|&9
2HHE2 X|sCE MAX 7|7} B2 Hojm o C|Xtol 2 74l NCRENS
Ss88+ X A HMojEHu S| AF, Uz HOPI =E=0f CHgt
=
=]

- MAX(http://www.maxqgigapop.net)

MAX+E Georgetown University, George Washington University, the

University of Maryland, Virginia Polytechnic Institute, State University

of oIsfA A=l multi-state, megaPoP 74AA|20|LC},

MAXQ| YR PAT|BEC WHE QsiM B5 MY X/go| 14
CHOiCH 17 X Yohe Zolch =3, BF 7|2 U

5, #H
S 9B MEH ARY AH|A U QIEUW MHAS XY o
SH
o

- NCREN(http://www.ncren.net)
19853 MCNC= North Carolina®| 167 A=t =50 North
Research and Education Network& 2dgs|e1 QCt & HEL3A, ©
20| A+ A usS fIGiM XL A2, Ho|H HERIR AMH|
AE Q| = HQ Y ERA BHES(statewide network) X| St QULC}.
NCREN2 =1z OlHul, H|C|, L[|, 0Oo|H MHAE North
Carolina public universities, Duke University, Wake Forest University,
7|EF At CHEtW S community colleges, & "JE, H|FZ| 7|2=0 A
X2t QACE NCRENZ ot =7t AW HE& MH[AF HSSHCh
MCNCE= North Carolina®| 7|= 7|8to| AN 7&€ =25t X} 1980
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Indiana UniversityQ| 222 NOCE 1ds 9 & 1t
HMA AZae] ™S ds= flet AX|L O 2HAMH
M-S etCt.
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Iy

X 7=, MO{E®™ Cixtel 2 2o, 53 J|=
2Ot 2 E B2 XA FdE€E X5t UL
CH) Control plane

HESIZ X O]&F(control plane)e| &% 3thHA S| EHe=
Ct. Phase 10f|Al= ==& Ql Manual configurationE X| &3}

Ol A= Intra-domain configuration2 A UCLPR2} Z2 Xts3tEl AZEQ|
oMl = HA™E X|SIH, Phase 30fAl= Inter-domain configuration
Z A GMPLSE ™ML3%l= Z{0|LC}.

2}) Data plane
HOPI HAEHIEE= T2l HEXZES I5tH Internet22| XHASS ALE
St National Lambda Rail (NLR) &X|S& O|&3ICHCK Internet22} NLR
2 0l=o APl HFHESRF). HOPI HIAEHEZ f/°t NLR wave
= AFEXIO|A 10 Gige QIHEO|A HIE X & AHES Mg o
O|C} EESH O|Ul AR|X|LE TDM ZH[SO0|A AbileneE &3 MPLS
L2VPN AMH|AE KFZetCh 4= HOPIS| L E=2 Access/Control
planel| =52 2[dll Abilene Network0f| && HZE|O| A0 ™ O|=X|

olo] GIZNS EIBICL HOPIO| FUEAQ| 7|40l Data plane
Mg A2A M&g S AZEO 0| HEATXAD Rl EA
o

EHE =0 7t 852 X|J 7HSOH.

21X HOPI ==+ LAQ| Equinix, Seattle®| Pacific Northwest GigaPoP,
Chicago?| StarLight, NYC2| NYSERNET, Washington, DC2| DARAGON
project LHO|l ${x|3tm ULt

i
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Abilene T-640

[OQ& 3-1] HOPI =E9| 7|21 =X

HOPI =E& X|™5H7| floiM= O 29X, dd7 222 HE A9
X|(Fiber Cross Connect Switch), Control, Measurement, X|&& |st PCs,
Out of Band Access Device =0| & Q3|LC}.

HOPIE Ristn RSXol 8ol Halg S¢f 2 ARXet ¥ X
Agt 4 ol X m2H|HUO| JHs3t Ao|ck

AT 7|Ere

g2/ Mge Sof oy M
SAESS OiLb EE 1 0|M9| QAHHOIAE Sof 2z BRSO
Moo a0 o) MAUEAIY HALEYIE SA0l 282 +
e JlEe XD
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Naw York

Indlanapalis
YWashington

Housion

HN 0P oae . Abllena Node T OC-182c - 10 GigE

[0 3-2] 0= HOPIHAEH|E ¥zt

Oh Topology & Connection

HOPI HIAEH|E EEZEZX|

HOPI HIAEH|EE T{Zl QIZ2tE 2[3510] Internet2 IP A{H|A QlZa}

AEEN XAYES AFESIA, MAEOZE Internet2 A M3l MH|A
OIJ.LEl-Ol 7(-|_9_ u|.II-° )\|- 'c'sH:|- 0|E-| O|J_LE|.AEE-IX:|'— S| :.—1L7|.I-|O| E
2lo|Ct. EBH MAN LAN 1=tH(exchange point), RON(Regional Optical

F

Network), 12|11 Internet29| =X O9l=Z2}E A% Zd0|C}H [ 3-3]

2 Internet29| IP MH|AQF A A H|A(Static Service)& E O &L}

____Internet2 Network - Optical Circuit Services .
- ————IPServices N\
HOPI Teﬁ@y A

A

Q) intomet2 Netwark Switching Mede

[ tomet2 Netwark Rautor Hods
e R—

[O 2! 3-3] HOPI Testbed Topology

Internet2 X MH|A QIEBIAEIME= AFRXIO|A 10 7|7} O|Eul ©
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A2 I8, T AHES HIZsx| Rt a2l ojzjols
Z40|X|2t, & HOPI HIAEHE A=l O|Ful AQ|X|, VLANE
Z40|3, Internet2 IP MH|A QIZEIAEZX O] MPLS L2VPNE
740/},

N
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n
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o ot
rir rir

m op or E

e =

HOPI LE+= C}E HOPI = EL} Internet2 IP AH|A, RONIO| HASIE
2 =, A 10 7|7t0|EY GIAS HIBY 4 s o|HYl AKZ AL
of ULt FIHXo=Z 1 7|7t o|F4Ull JE1E1IOIAE Zote|[0] ALk HOPI

L E &= optical cross connect switch, Ctst X2 HZAO| 7hs3l Afﬂ
A QIHHO|&~ AQHE & =+ U= Xr%ﬂ%l patch panel§ Zg5t

Ct 2E OOJE H™H AZLZ optical cross connectE ESHA{ O|F0f ,_l:f
FII™E O Z out of band control box@} Z|SAL} FreeBSD2} Z42 24|
AH0| &= 30He| PCE ZgtotL} O] 304l PC= =7 PC, MO EH

PC, Sw3t ZEMES I3 X PCO|CL Ofzo] 1S MEHQl HOPI
=EZ LIERHE, MO 7S M ooy A9IK|e AZEO] ULk

GigaPoP

HOPI LES #4517 flet BXE=2 Cra2t &Lt

- O|HUl AKX AYK|E F|A 4x10 GE ZEQF 8 x 1 GE ZETJL QI
O{OF StCt. X HOPIL S| AL K|= Forceld XNZS ArEoHLC}.

- & 3AgA HYUYE AQ|X| (Optical Cross Connect Switch) : 0|42 7}
M (flexibility) 2 =0|7] {3t Ats2t=l patch panelO|Ct.  2{Lf,
GMPLSE H|&3dt= %Eml = ZZHMENAM 0j* S25tA4 & AO|Ct
4 A2A HUE AKX = ALKE Et A4 Q0| Internet2 ®A
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MH|A ImbEHStatic Service Wave)E T ESICE X &2 3 2A HUE
= GlimmerglassOf| Al X|& &1 QUCH

- Mof, =%, XY PC: 3C§o| PCE XOf B SX, =W, EUst Tz
HME X|&s foiM AL

_I

Out of Band Access Device : O|A
o zt2 Bt EO|Ct

rlo

CHIQOfAe] LEZ T2 9

mn
mjo

K| #lot

=]
StLiel L EE= Q5 IbX(external
A, '—H:"Wt Ct3 mo|HE Soff HZE0 U

o
OF

x1o1rgg S 7] 25 EE Internet2
x =

HOPI LE=& Los Angeles®| Equinix, Seattle®| Pacific Northwest
GigaPoP, ChicagoQ| StarLight, NYC2| NYSERNET, Washington, DCZ2|
DRAGON ZZHME L{o| Q|X|Stm QULCt

*HOPI HAEH| EQtO| o1
HOPI HIAEHEQt H& St e 27tX| @H#0| QUCE A HFK B2
HOPI =0 A Q1Zst= Z0(1, & Hij HH2
A OIZAIAEZINO| MPLS L2VPNE E3| sl 7 0|cr HOPIO|
£0M 528 A2 HAEHESl 5H0|2t= A0
CtE HAE0| MHAE AR [ switched away E %= QIC| OI U
CtE Internet 7|28 St MH|AE1 7t BO| CHE FOICL
HOPI L.E0| HAASH= HE2 F=LCL

II
rl

- A AZA (Direct Connections HOPI Topology)
HOPIZ A|d ®ZL2 1 7|7t o|Eulo|Lt 10 7|7} O] o2 HOPI L
L2 da" £+ Ao, Z5 OXC(Optical cross Connect)& Edff 2t
S|EICH MAS LCLHO| O|EYl ASIX|E S8 patchedEIC Ol
AZ2 & 29%XoM JSZECE ol 3%, 7i2|ojls HE 29X
(connecting switch)Oi|A] 24 ZO|Ct.
HOPI HAEH|E+= Los Angeles, Seattle, Chicago, New York City, 1
2|11 Washington, DCOf| X[} QUCL MAMTt L= HE= Cr24F &
C}.
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-Los Angeles : Equinix, 818 W 7th St, Los Angeles, CA 90017
-Seattle : Westin Building, 2001 Sixth Avenue, Seattle, WA 98121
-Chicago : Starlight, 710 N Lake Shore Dr, Chicago, IL 60611

‘New York City : 32 Avenue of the Americas, New York, NY 10013

‘Washington : Level 3 Gateway, 1755/1757 Old Meadow Road,
McLean, VA 22102

- Internet2 HEQIAE S35+ MPLS L2VPN &4
HOPI HAEHEZ ®ZO| LCIE HIHZ2 Internet2 HEXACSl MPLS
L2VPNZ O|&83t= ZAO|Ct. AZS oA Oo|FHul AQX[7t HRSHH,
MA™ o|ull AHA(static ethernet connection)q & HO|= MPLS L2VPN
= Td%t= AO|Lt O|F floiM= 2 A5 HEQ X[R0] ER5IC}

Hh S8
Open Student Television Networkdl %ts2 OSTN-Internet2 Film
FestivalE 7i%[Sl= & Ol= 200N HESZS &85t U2, o=
A WHISH BOMHME 1852 HEXNZE 7= AMEst QUL Eo
CERNO| LHCO| 7}z =1 1 of|HX| 22| E0}9|
24 e 24 ool M%, ool oio|ld, 18s AFE, dAH2[Q At
2O CHeh AMAIZE HE, A2 52 X[JStD UCE 4| Z

—

=
= Internet2 Observatory, MAN LAN Optical Facility &

ME g2 ot ULCH
2. CA*net4

7h e

CA'netd= CANARIES M 7|2 FHLICH B£7h XIQshs KAy
GG QmAARA B LEYYS HXR AMYOD, Cfs HPME, N
ST, 3D SO 20rH0| Yi FE MSXSD 38 SHYO| He of
s GRXFSOIA KAICH IEY % S8 T LEYY (OPN : Optical

o a o
Private Network)S MEZ 39 A H I ZAIIAE SHAMT|==2 o
o 1ds ZRE A2t 38T S0 HEstH HEZEL| SURFnetit

GLIFO| =R THHO|H Internet2/Abilenelt i =X AU AS (ITN
International Transit Network) A{H|A X|-&5StCt

2006~2007H HEX| 0+ 1S9 2HMIHE(CAS120M)E T2 CA*netSZ
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[Z12! 3-5] Linking Canada to Europe

L) &of7fa

MEh 7|29l CANARIEC| =Xl CEOE ZAloZ CRO(Chief Research
Officer), CTO (Chief Technology Officer), CFO(Chief Financial Officer),
CAO(Chief Adminiatrative Officen)?| o dstz2 LIS+=0{H 1, 16HO|
A0, HEH ME 2% 52 FREFE ©UESI ULk

ESt 312 (MCNG, LSU 5), SAITDEH(AT&T, SURA 5), NSF Z2XE
otELl{ (OptlPuter, DRAGON &), =X ItEL(LUCIFER, G-Lambda &)&

=REE Chet 7|250] o5t AL,

CH Control plane
UCLP (User Controlled LightPath)E 7{2t 39! X& ZO|Ct. UCLPv1Z
]

o

2005EH EHK| JHS OFR QO 2006EH =5 Ef UCLPV2 7|& 7He =71}
1 QUCE UCLPv2e| EHE fAMH|A 7|8 1Z2|E/e-Science 288 T
oz HESYIA ASB0 2A0l HE/NA =&, WA, dedFH|, ARH

ChOj-EF RIAS PEY 4 e MEYH A HEYI (APN
Articulated Private Network)e| F+¢i5t= ZiO|LCt.

= IPvaQt IPv6 7|2 HE 8 ZEF|X
C}.

rot

2) Data plane
ITN MH|A M, GLFE 8% =28 2ot Jd2|= 3 2ot HERZ &

— O =



olet &M W SojLte MEH 289 HUE 4@
CA*netsz Tgksty| QIeh Z=H| EQ0| HXTZO
za o HSMEQ 020 AOJE, AFtD, 52 52 9HSs P2
ROADME O|83}0] 72x|'22| 40Gbps ZUCt HEYA ol=Zatz ¢ 0
C g ofdo|ct. OO Q| uiE HEQIEe EF 5* 10Gbpse| SONET 7|8t
HEgaz s Aol

Of) Topology & Connection
FHLICERE D|=0ff 197§9] 7|7tE (GigaPoP)2 H=stn QJqO0{, SONET
Cts 27| (multiplexen & 7|HIS 2 10 Gbps~34 Gbpsg 2 2}
A ACE P HESAL FIjAE XMESt= SIO0|EZ|E HERR F=0|
C}.

AT HEYY : AYRIZEE I IR (optical wavelength)2 2 7|7t
22 YOistol AtE. O] dZ2&= FHLICHETE oLzt Oj=2] 37§ X[F (Al
OlE, Al7tR, 78)2 sote ALH HFF2 4 GbpsO|LC.

~YH[ZOF : B HER/NZ 2O0H=" R Al23) ZH|, 2t2H ZO0KHFY
I, A|l&~3) O|&¢gtrt.

Y 0|8 EA (AUP)
- EE IVt E
- IP 2128 : 228 SE A|AH|(routing registry)df S5 EQ
- AI|A : UCLPE E3l 0|2X Q=2 3}lHL} Web siteE E8HA] Al

—
= 3 As 82 #3522 H-Of-T MSSHCh

SoiM A 75T M
E|
o

0
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UofA Nﬁkalm
F= CANARIE
= Carletonl/ 5»-/

Hmlmal'
NetherLight
; Cisco ONS 15454/Nortel OME 6500 StarLight
@ Linux Server
— CWDM Gear
SONET path (10Ghps) csm
[O&! 3-6] CA*net4 Layerl BHE W EQT sig
University
High Energy
Physics Network
\ CERN
Commodity
Internet 42lEN

Research

University k
Networl

ez

University

s\s\El@
ST

University
eVLBI
Network

[O2 3-7] CA*net42| LI 28H Optical Private Network

Bio-informatics
1,|=|f_| 8 Network

University

Hp) 8&
=2 S8EO0EE 18s #+HAREY, 1 oHX| =2, MN=el, 7t
Hdod, 03tE TS AAHE JiY, =F =Z 8 SARS 5 MEHZ A
St= o= &0k 217t DNA HEE Aot YIS 20f Ao HAME
MKX[SHo] #HSHE sfYA 2of, MOt YAFY x5 2MZ 2t HE
=0 War A g1 22 =& 20 1 29| e-science AT FOFOAM ALE
£l RACE
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H 238. 8 stojEg|E AY w2
1. SURFnet

7D e
SURFnet2 4EztE METL X
A7, dAta, E@ 52 1800{71 7|20 750,000E 2| ALEALE Ci4
oz 7Y MH|AF M-St
ot REO =M L UER/Z SE A= St= Netherlight 2H5t
H, GLIF (Global Lambda Integrated Facility)2| =& HHZ A CANARIER}
S Z2MAEC=Z 2|HE 23stn QUCH 2006EHEE SURFnet62 11 T3}

0] g metv|e20F SoAM DFEAHW ME|A HEotn QAT

o
Ot
rir
H
N
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oin
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SURFnet?

SURFnet6 infrastructure

1 2 3
Blueprint Build Operate and upgrade
Pilot

SURFnet5 infrastructure

Pre production Production

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

[O 2! 3-8] SURFnet6 Timeline

L) Zof 7|2
18007 7|&=0[ SURFnetO| HZAE[Of oy, 758HH 0|2 ALEXIIt
AH&S ot QUL ®H 7|2E2 Gt 2o
Cist, nsus7|@, ot7tHO|, E2|H 3
TN AHE3 W HE MHAE 3 7|
« 17| 2 (Royal Netherlands Academy of Arts and Sciences, TNO)
QI THE, Wl

=
=)
‘1T 9 IS 9B GigaPort ZRHEC| AIISID UL HAS

CH Control plane
SIO|EE|E HEHANAML sH¢Ql LightPath &S 25 HOEHS
L &o| DRAC(Dynamic Resource Allocation Controllen)E F=3l0{ =
Skl QAT DRACE Sl EolM AT AMEAE A HERYA A3
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2) Data plane
w82 =0/E flet O ¢ HERIAE &510 ==
ol Z22Y HEHYZ2 IPHE/ZL B HESR
P HERZ : R 35 Adg LR GEANTI 9f 12.5Gbpsg ¢Is
S £0|9| Internet2/Abilenel} 2.5GbpsZ A&
2t HERZA : GOLE (GLIF Open Lightpath Exchange) & d}fLIQl
NetherLightS &diM RE 3 =0/t As. oF 1071 o|&el HHELL
100Gbps O|Afo| =

IP HEXZ TEH (routed PoP)E 2702 &0 IP HERZOIM OF7|L
1

= 2G/AXLOE MY siZHed £ 1 52 10 7[7HH[EO[H U
2 ¢ZSI0 1ds AWMLY X[HTtD). &= GMPLSE St L HIE
HAZ Mol E 7|l =@ 1nefstn ALt

=X gY2Z= Netherlightg 7|tz 228 g A7Yel ==L
Ot=9o| &0 & w8 =0, otA|or & 2{A|otet Eot ALt

Of) Topology & Connection
2005 EA=zZ Efjmi2 E2  14,000Terabytes, HH=ZL{E
8,000Terabytes O|AtO|H, m{ZIAQ& nt AujA7t ZABHIP + Lambda)
stojHE|E F 0|0t nAU=npYEE LS9t (DWDM) 7|&1 g
M~ 7|7HHEZO X018

IPv4, IPv6 HEQZS SL|IIAE, HE
5 R

1
Z(dark fiber) ZEE E|
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1
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=
ol Hu
o
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~
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@
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v,
(@]
=3
>
Q
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ofm
rot
K o
0x

«Amsterdam Internet Exchange(AMS-IX) : 1207} ISPQto| FH %
Ct2 HHEH2E I QF ISPItE= direct link (private peering)2 ¢4
GEANT2 : 93 ot

-Abilene 9! 0|2 ZQOITQY, OfA|O} ATYIE O
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et

American & Asian . Dutch & Elropean
Research Networks ISP's -

Rest of the Internet

- 1Gbit/s
- 2,5Gbit/s
= 3 Ghit/s
= 7,6 Gbit/s
B 10 Ghit/s
W 12.56biys

[O & 3-10] SURFnetQ| IP

HEHZ HZAHE

o
0%
[
BN
o
n
par
i
m
10
il
e
n
al
o
Ar
o
rir
|.|-
e
=
ot 0X
Ir
o
o
m
0
o
Ar
o

Zte7|g2 g5 7|12 Moo oist oietdd, dEas7(d A7,
ISEAT SOIn, Zrket SRS ZEE o 90%0/40 2Y +9g o
T 9UCh AFg SOl MO0l gl 08 MM (AUP-free)g 7|2HMOR
MESED QAR IFE 7|20 St Yol 0|8 B8ttt HE wHe

(lightpath) O| X9 AL e-maillt & AIO|EE EdlijA A

EH
2E E0x
o
=

o
WOt 27 AlZ/HYE S 1oty H-Oi-Th M-Sk

[& 3-1] SURFnet Connection A (2006)

AA TERE =/F= T A{a gt

S o [TERS lannm| B8 lxgen TR wa (meaim| ol

7|2 7|2 st =2 5

ol

b2 100% >75% >75% | >0,<25% | >0,<25% | >0,<25% | >0,<25% no yes
=
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Sarfaett Photonic Layer

[218! 3-11] SURFnet6 Photonic Layer

.
. SURFnete
d Core Routers
‘ External IP
( connectivity
e
1GE
.—\.-/ LT
1 Gigahit
Ethernet CPE -

Customer N—

- SURFnet infrastrocture CPE 1GE
1 Non-SURFnet -

[212] 3-12] SURFnet6 : IP services

.

e b 15 o i - | F ’
| { GEANT?2 ;
) .-*European
Light Paths

Intercontinental
Light Paths
4 7 E Customer
Customes - L 7 E'.quiprmenl
equipment 15[ ™
" 10 GE #
B sURFhet infrm:h’m:rur§';"“-‘i i -
1 Non-SURFnet End-to-End Light Path j
End user

[O 2l 3-13] SURFnet6 : Light Path services
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Hp) 8&
SURFnet62| =2 882 LHC(Large Hadron Collider) 7|8to| 10| X|=

2|st 20F(High Energy Physics), 2|& & O0F(Healthcare), eVLBI 5! LOFARQ]
ME 20k HDTV Sl 4Ket 22 O|C|o| AEZ|Y 20F 2= T 882
285tz 7|2E 7te| OPNE F353510] MH[ASEL RULCE

SURFnet2 Ug@2t=ol 27} 1t& Xt NWO  (Netherlands

Organization for Scientific Research)?t 274 'Enlighten Your Research'z}

L LightpathS O|83}0] TSIXSS Yot ZE|AES Hof, £5H0| O

ALY O|8AE s8XHlE ¢ %6@_ UL 2 ==L Bt SELEE
= re]

olz 8 9ofsl, JHAlE £0

72to
EO-
[E 3-2] SURFnet ZE|AE 44 28
= Of L & 1 &
o = Distribution of radiology images in the UMCG &
- NELSON lung cancer screening study UMCU
o ot High-throughput genome-wide analyses in UMCU &
- Amyotrophic Lateral Sclerosis(ALS) UCLA
kT
s Intelligent CCTV monitoring at Arke Stadium Tl ea.
IS
HAYH| . N LUMC, TUE
N Electron microscopy using lightpaths
IX=1 & SARA
JhalSt Remote High-Resolution Visualisation of uu &
=)
Climate Data using Pixel Streaming SARA
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H| 3%. ofAlof Slo|HE|E HESHI 3T

1. JGN2

7D &
JGN2 ¥ 2 CtYst S8 A=0| s o+ X[ X AFL/NES 2t
ol HAEHE HERKT deZ +HSO|CE JGN2Z2 "Oj2f FE
M7 = AMlE dET did HEST" Olgts REE 7HX[ Qe

20044 E O|2f2 ™EO| XISt =7t IT ™% (e-Japan 1} u-Japan)

of
et =7t ZENES +ASOICE NICTO| ofs 2] 2% = XN
gF A, s Ao Fot A7 =S et @8s ot ALY
g 7|2l NICT 22 X[ARof of 5082l 21=0] JGN2 & 2| &

-y
ol 70) AOj3tT Uom, HEZHE 04 X|@e 5E0tTH 0]20{X| 1
Ct.

JGN2 o| %t0f 7|2t KDDI Q| 1577 7|&0| Xtoisle] TEHEZ 2
sist RO L GMPLS enabled SIO|EZ|E HEQA 7|HH|2| G-Lambda

ZHEL 20044 122 KDDI ¢I7/70% 174, NTT YEQI Al
T2, NICT, AIST 7|50 3822 O{E2(A 0 Z2 o] HAS

f A8 XEEn & MAE 02| AHESt o etst= A2 S|
of Aoz AZE 0 dEMCEE T 47 7|#0] HOSta ULt
CH Control plane
Q™E HEQT HYES GMPLS 7|28 E¢j IjA I 80| =X
O] 7|#2 ME%0 X|2[Hez ELME ARHE E= 43 K&
of Xtr=2 HHO0| 7tsstht O] 10 NRMEZ GMPLS Z=HSLH0
NS

(o]
PN

AL

o

—

o
T

o
T

Ct ij~20] X2 & HE/AIS M X 2HEEs £dettt HES

3 MO Z2=0|A= NRM2 HESR3

Keihanna, Fukuoka, KanazawaOjA{ WDM & HEQIE Na&st QCt
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o o It is necessary for users te consult with JGN2 Center about every experiment
OXC Connection Service to be conducted e
Fukuoka (Kyusin-1) Hanazawa (Hokurku-1)  Otemaciis (Kanto-2)

Northbound Route -
’ tat I- [oms o]
(Tentative Name) Iimt@:
o,

— . T OXC ox¢ ] oxe

| I
=t . 1 |
| OXC Connection Service frreey | 1
Southbound Route )
’ (Tentative Name) I Heihanna (Kinki$)

 Resgand ]

1Gbes $GMPLS Fouter)
| = roepe az-sm
e WG {0NC Service )
I - 0% 05 Service)

L_G}(l: Connection Service

[O2] 3-14] JGN2 HEL3 LH2] OXC connection AMH|A AT

2} data plane
IPv4/IPv6 dual stack & ZtX|12 IP g EOM ME CHE 2ty &3t 84
S0|Al IP connection MH|AE H&stD QULT
X Interface (10/100/1000Base-Tx(RJ45), Optical fiber connection with
1000Base-SX/LX)

T
H [Example]
—Elm— Installing a route towards a router through VLANID and selecting an

access point by using IP address.

User A Project X: User A - User C
3 Project Y:User B - UserD
AP1

VLANID: %0 WLANID: yywy

1P Address: ARAAARA 4 LT . !l 1P Adddiress: CCCCC
., . p—
. g l"ﬁ
AP2 - _ [

IP Adkdress: BBEBBE

VLANID: wiswn
1P Adidr ess: DDDDD

[Od2 3-15] JGN2 Y ERZ We| IP connection MH|A FHE

JGN2 o] oA mOIEOA WDM ECh HEYUYS

o
o
connection serviceE KA|&stl QU2 wavelength EtR{E 1Gbps,



10Gbps CHYZE N3 StCt.

Of) Topology & Connection
A= 670X 90| GMPLS 2t2E, Optical Cross-Connect 2 T80 Zt

2to] FH|S2 Gigad Lambda AR HZBICL E3 UL 37 X%
UL oM~ EOIE AO|S dark fiber2 IS0l 18 (HYES Q7o
S M¥S 9% DWDM HAEHES 3ot YUt

*H|AEH|E A : Dojima/Osaka-NICT Keihanna Branch;

*HAEH|E B : Otemachi RC/Tokyo-Tsukuba RC;

*H|AEH|E C : Tsukuba RC-Akihabara/Daibiru-Otemachi/Tokyo-NICT

Koganei Headquarters

0= EnLIGHTened ZZXMEQ} A2 G-Lambda ZZME 70| HFEl X}

HAS o] gd=ss flet thd ofef & o S2l70]d Z2OR0| A[HE

Ct.

JGN22+ Bt I H|Yutel 32 == [AF 3-16] ot 220 3742 =X
232 JiX|1 QUCh (O]=F A|7ln <« &2 =3 10Gbps (OC-192

SONET), 47}2 « U2 T3 155Mbps (OC-3 SONET), Ej=Z = - Y=

L3 45Mbps (ATM))

US-JP line : Tokyo-Chicago, 10Gbps x 1
TH-JP line : Tokyo-Bangkok, 45Mbps x 1
S5G-JP line : Tokyo-Singapore, 155Mbps x 1

[apan

APAN
(Asia)

Asia, E CERNET
M AL (China) B2

el /o
'
eyl
ason W7

SingAREN AARNet
(SingAREN) (Australia)

[O2 3-16] JGN22t = H|2ute| A

Hp S&
JGN2 Z2HMETJL A|ZE 89l 20045 E 20073 8HK| JGN2E &
2% UL o] RAD ZZHME #£= % 158710/ TZHEE EMs| &2

—
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Aa pee fEY3 7|%, middleware 7|&, S8 7 2ofo| s{gs
L Z2ME $& [E 3-39 Zr

[# 3-3] JGN2Y ALEX 7| Z2MES9 28 HESRA 7le X S8 =0k

0= E Ve 2 88 Z2ME A=
Network basic Technology 28
Network Optical Technology 23
IPv6 Technology 19
Security Technology 14
Quantum Cryptography Technology 3
Middleware Grid Research 12
Human Interface 10
Educational Field 18
Medical Field 9
Application Regional Field 15
Contents Field 19
Environmental and Scientific Field 9

2004 HEE 2007 87X JGN2E E83%F =X R&AD ZZHE £=
22740/, D|=, Ef=, W7HE, |E, SOHAOH R7te| @1F J|BED O

HE. R&AD ZEZHMEO| Hoj3t APY = 1679Y0| FH, A7 7|
o| #4L 5517 7|Tof o|Zck.

CILSH IT 7|=0| Al M8 st IT R&D &£0F (GMPLS network archit
ecture research-KDDI R&D Laboratories, Research on multicast delivery
of high definition video contents-University of Electro-Communications
=), HFO|2(Construction of an Effective Research Environment for Syste
ms Biology Using Gigabit Network), 2 =&7% (Large-scale materials simul
ation on computation grid-Nagoya Institute of Technology), 2|= (Depl
oyment of Broadband Network for International Telemedicine-University
of Fukui) 52| 88 =2OIE U&= X2 ot QUCH KREONET 1t Hi
oSt fsh7|e 28917 XY HCH IT 7|22 93 HAE oz Mo
i3t WO BHO| $3stm ULt

*Research on nation wide electric heath record (NPO Japan Medical Net

_39_



work Association)

*Research on Intelligent Mobile Network for Healthcare and Social Work
(Sendai Foundation for Applied Information Sciences)

sLarge-scale materials simulation on computation grid (Nagoya Institute
of Technology)

JGN2 & =83t Key application research = 4K Digital Cinema, Data R

eservoir, Globe-scale radio astronomy (e-VLBI), 3D-HD experiment of Tel

emedicine 50| QILC}.
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M 4Z. sto|EE|E AT 7|8 8T

I3
Hu
it
Im

1. EnLIGHTened

7D 7l
EnliGHTened Z2MEE CIYst ARY A, NEHK, MM § XY™
2 AR A7 ZH|oF HERIT Xe sHez2 ZE5t A EH|Q|

E85 A2 =2s7| 9 ZemEo|C;

L) ZH0i7| 2
2|2 (MCNC, LSU &), SAIOIELH(AT&T, SURA £), NSF = 2XNE OtEL
(OptlPuter, DRAGON &), ==X| LtEL{(LUCIFER, G-Lambda &) 2&%&|=
CrFot 7| 2t=0| o5t ATt

Ch Control plane
EnLIGHTenedo| 4] AQA @4t & ZEHZH HjA MHES X 0js17| 9
& GMPLS 7|20|C}. EnlIGHTened E|AEHEO| AL GMPLS MO T
HERI= IP HESKIE AMESHH, 17 IPvd F2HAE AHEHE,

_

2f) Data plane

HOlE HMH HEQAIEs 4 Calient PXCE AFESI=0 NLRQ| 2x10GE
Cisco Lambdas, 1 NLR FrameNet 3|ME AI2%ICE EnLIGHTened =
GMPLS HESAE 7|Eez d2|E 7|z& AMESH0 DIS9HE 7HEst
1A, dxf Qlmet = =2 Caliento| 2fsA A[ZtL, LA, RTP,
LSU X|H0f 4712 OXCz F=E|0f ULt

Of) Topology & Connection
ANZIDE SEER St AEFZERO|H, AYX|ZHe HAL2 NLRe 10 7|7}0|
HHUo=Z O|20{X UCt £ 2006 98 LEO| QA ZZHEOQI
G-Lambda®t =X AS A[@S =AU
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To Canada

To Asia
ToEurope

EnLiGHTened wave
NLR FrameNet

(CiscollLR)
oT

LONI wave
{Cisco/NLR}

MCNC\ en/IGHTened

computing

NC STATE UNIVERSITY

et ’ VCL@NCSU

[O2 4-1] EnLIGHTened HAEHIE

2. VIOLA
7H e
VIOLA ZEHEL 20041 62 S HEIt FH0| 50| AR, A
A, StAE YEtste Zojoh 2y Yo = 2004HFE 2007EMX0|H &
11002t S 2& HE(BMBF - Ministry for Education and Research)0j A
=Xl & 89 2

20000t 2 ZZMEOQ|LC}

L) control plane

VIOLA Z2HME0|AM£ O|8X M9 Y
A3 SHoMe| Crdst AlIDEd H7tLE
HESS FHI HERIA Fxo| 74
[hel Z2HMHYS Qs

o=

2 MEL ME OHE HE

GMPLS 5)0| A%, ZEE
N8, ALBXF 7lHrel SXOI
AZEQI0f SO HAE HY, THE NIXEE
SEO| LEYT T 4B Tgo| THS AYLL

|:|-) 22
o o

HEE ofZe(A 0l A2E, 7teed)el S8t HAE | CHE 7E
o QArSH ZEMEC| ZXE 1 2

=
o -
| St Qlom, MAel ofet
HEYIAE 0|83 12lc ZEMES QAR X2 JX1 A Fo|ch

>

2f) Topology & connection

_42_



106! boral within
co-operalion of GEN+ and VIDLA

€ backbone node and user neds

[22! 4-2] VIOLA Topology

Op Connection 5! ZHH|
VIOLA HAEHEE= 20053 3€0 R2E XMH|S0| Cr3Amo|d(dark
fibeng &off HAED ZX|ERACt SHX|T H|E BHS f6HM LFETH|
ot & d7 ZoI=28&Iel, SDH A=A HUYERP 10 7[7H0| G o

VPN A= floiM 7rd z[Z2] 7|&30 HELIHM A|[D28S Sof
SHQ Y =Y Algdo] HAERACL VIOLA HERZS =U/el FE2

Frankfurt?} MainOjA LOojLIH, H|ES AZSH7| 98 Jurich@F Aachen
AbOlQ] @3 25Gbps2 AL QUCH ADVA FSP 1500 AH|7}F AFRE|RH
O 25 Gbps&fof 2 x 7[7t0|C{uo] AZAEZYLN ZE CHE AAL2 10
7|7to|Cjullo|Lt  10Gbps SDHZ QHZAE|RACE  B2|=  Nuremberg?t
BambergQ| TSIO|A O|FO{X|0{, 2tRE{Qt O|F Ul AL{X|= NurembergOf
A SDHQF WDM ZtH|= BambergOj|A{ 22| =l C}.

3. LUCIFER

7h e
LUCIFER Z2dMEL= =Hat M MA +22 multi-domain/multi-vendor
AT HERA HAEHEON MHA NI38 IHE SHCL E9E O|F #[5t
o §3 NRENs(SURFnet, CESNET, PIONIER S)1t Z0| Ctst HAEH|
EE 295tn ULt s HEHI #HAM Q@7Sts 371K EH(MH|
1M, HESRA At Z2H[HE BH, Mo EBH)S 75t UACH M
B

|
a3 ARE ofef Ex 8M L ES IS HESRR AR =2
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HIME EBHOMEs Z2HEo Zojeao Mot 7[E9 HE/I Xt
9 ZZH|MY A|AH/(NRPS)S MEHSIAHLE multi-domainl| A2 At0|st
NRPSZtO| QIE{H|O| A8 FoIStC).

L} Control plane
Mol HHOM= & HESYI AEE2 S
E:

=
o| et == NRPS 7|Hto| O elzkel ol

o el =
22| 7|SO[Lt job AAZEO et A+ 8 78 NRENZ OA3°| ALE
HrHERE dE)SOA Z2HES Fe, 2M, 23 52 Mast2

UL

ChH &o 7|2k 974= 200 7|2h
M=, ETE, HEZE, a2, 202, EY|o, =, =¥ 5 F Y=
200 7|£HPSNC, CESNET, PIONIER, SURFnet &)=0| LUCIFER ZZ2HME
of ojsta Aen, FE A ™ MA FHYNSO0| HAsto FEXIF
Ch40| X|27to| CHHEH SRR WEYI MHAZS JHselA| st

«IZME T2 . PSNC (Artur Binczewski)

*NRENs : CESNET (Czech Republic), PIONEIR (Poland), SURFnet
(Netherlands)

«National Test-beds : Viola, OptiCAT, UKLight

«3| Al : ADVA, Hitachi, Nortel

«SMEs : NextWorks - Consorzio Pisa Ricerche (CPR)

HAME{QL CHEt : Athens Information Technology Institute (AIT-Greece),
Fraunhofer SCAI (Germany), Fraunhofer IMK (Germany), Fundacio
i2CAT(Spain), IBBT (Belgium), RACTI (Greece), Research Centre Julich
(Germany), University of Amsterdam (Netherlands), University of Bonn
(Germany), University of Essex (UK), University of Wales-Swansea (UK),
SARA(Netherlands)

«Non-EU &0 : MCNC (USA), CCT@LSU (USA)

2 o ALY
o X|olo| CEXQ AHARHEL IO NRENs, GEANT2 £

=5
T d
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Of) Topology & connection
Cross Border Dark Fiber, GLIF S29|

78R E ZAStE HAEHES
28381 QC} European and Global §&7|250| (10310} SEHX| Q|

t+=9| X|Y(Multiple Domain)?tQ| ECHIHEH MEXME HWEI MHAE
IsotAl ot= a4 7|=2 sH&stCt.

—_ -, KnDl\fI:
-.\ P j-' --EZI ) 1 'Distributed
g 8 B /g8 g3
AP r,/ ~ $
o e R

0
Distributed imll
Storage

MPLSIG-MP

~ TN
(, e \Tlsnom
S | ]
=2

. !‘!SDOM
7o o !
UKLight R
Lll Ogtical Tax | h-J

N S wdtlonl

] .. Distributed

L-J ,.;SEDFI ge

Optiest link

Nelwork Nelworh signafling

Umer-network signalling

[13 4-3] LUCIFERS| X
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[E 4-1] KREONET/MZIA Gt 8}0|HE|E HEQT HD £

¥ 3 90 4812970 )
2y | 218879 e %2 Yy T
= (KREONET) (HOPY) (SURFnet) (CANET4) JGN2
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b 2 ~
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. Eﬁi 5t 0 HEE sl o] B E
is o WAN 3 200 Blemen e [000Km e 1o SigaPop T ISoNET o
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33z9 9ET ¥ gt AE oz ay
H 93 2503
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HIO|Q A =Z,
HEP, eVLBL, B 2, HEP, 9 &, eVBLL, GLVF, |9|&, e- VLBI
JgE eVIBLH &, HDTV |12 E, e-Science|Telemedicine @
2104
g, H|11= KREOENET sjojHE|E

.V :8p

%R qj_l |-1DI H|-0|9‘VAC}!DO1[
“we « |[KOCED, e-Science &
=T o 20004 7
¥ AXOAE 5% A=0| SO|HEIE G Hlm =4

For £FS KSTIZH XH| B7ke ZaY @ : &, O

o >

= H0|M= KREONET O] L2 MZT AL HWSY SIO[HEE HESR
3 QI=Zz} (ME, AIEX}, topology), d}0|EE|E HEQA 7|& (data plane,
control plane), QI2/0f|At/EH] 7|2, S8 A7 20F 3 ZZHE £ HO
M o= X0 & A=XE ‘='**0F°”'Ef

KREONET 2 [&# 4-1]0AM 20 X|= ANEH HE

o tY = 2

o ure A

= olZel EHoM s HE
&2 M7 to|E2|E ATt H W50l A FEA XX G
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