g5tk % (O) NTT MDDIi HITACHI " = FijfiTsy

C ’ THE UNIVERSITY OF TOKYO kDDIR&D LABS Inspire the Next

7 1% P 3 ) ) — A
201347 H 18 H

ES RV NEST YN B NE SN 1 IR 3
H A B E Bkl rt

&4 KDDI #fF 28 AT

Ve AN VA LY (5

ENGEEY 7 S I

(SRRl SN I

HWHA), Tl <7 Vi EsE AR E H KB CO~NVFRAL U BRE CTERE
~ H KT THHAR R N — 2 Bl 0 F2 A M 7= AR 22 B 58 & N ~

E N RFIENRE R PR AP R TR (B R RE A &/ UUT . R RPE#TER) . AARER
BaR A S (R BRI R E 18%LUF, NTT) | #k& 4 KDDI #F5eT (RE Bk pr &« o

B Rz LU KDDIW) |, MRt B SE 8RR (REFITHR BUTHRAER i 28 LUF, Bi0) . B
RS AS (R RIS BITHEAR 2k B LU T NEC) ROVE ik lart (R I
R A EELUF, B W) 1, K[E 22 KF(The University of Utah, YV A7 T 4T D
ZAFC MNTATECE NS B S A 2okt (LT, NICT) 28 JGN-X*! ECiEA 425 %y N — 28 LT A
ARy R*2 LK EREEME (LR NSF) 23 4% GENI*3 7 ANy RO —>TiHh5 ProtoGENI* Z4H A #
e LT IR T B ko b —Z{ABAE*S T AN R 12 FWC, R THIO T, BRI E 2R3~
FRAVREE T 0T T~ 7 WAZHIE CE D T 72 AR AEM OREEE TR B L £ LT,

AElD B ROy NI — A LT ANy RO AHERE D ERIZRY | JER DA 2 —%y N CTIXEBL TS
ZEDTERPST LAY N — 7 —E A D E R FEAEER D FTREL 25280 h 5%, AL~
D FAR T NI — 7 Hiff76 O I T TR TR B R O ME S S E 7,

728 AL, NICT OZREAFE DA Ry NI — 20 % 3 2 2% o N — 7 RABA L TSR AR O RFFEBR % |
D—EBRIZEDHDTT,

LA FRDH

WA IR R hT— 2L LT V7 M 2T E > Tl I~ 7 IR 7e 2o N — 2 2 FEBL$5
SDN (Software-Defined Networking) <> NFV(Network Functions Virtualization) F. 1528732
FNTCNET, SDN°NFV 2 EB T 55 D—2>THDH Ry "N — 7 AL Tlid, OO ERR 72
X NT =T % LN EITHIENTE, ZNENOREIEN TRy NI — 7 TR 285 Hl 7 v b=
NWEEWESHETZD 77V r—2 a9 — AT LRy N — 7% 3 T CRIRLTIZD 35728 U7 1k
V=B WTRMET 2% —E 22 ek D E I T D 2N TEDLRER AV IR HVE T, Z DTz
® NICT 1%, JGN-X LTy N —2 b a e 7 AR R (ry MY — 2B T AR R) %
HEHAL, #rit R xy N —2 OBF R CRIF SN HT L Ry R — 7 Hifil D SEREE HED T ET,

— ., 7=V R R N — 7 O EBLUZ AT TL, JGN-X _EDO Ry T — AT ARy R &K
[E| NSF 23e 45 GENI Oy N — 7R AL T ARy R TIET —F 7 7 F v R EBL T X B2 5720 |
A AZERE DN EETHDIED TERD 2y NI — 7 (AN Tl E il (N bl & | FEIERFRH) O
PRAEATET | M B —E R ENHEL O LVOBUEDR D EL T,



2.5 B DR RS
FORRZFEH T8 NTT, KDDI #f, A3z, NEC, & t#id, NICT OZEFesrst Doty hy—2r%
K 2By N — VB L B AT ORFFTER TS ) 2 L [7 THED TOE T, AWFFERHFE OB A D—ER T,
Xy N =AM LT Ay R AR A 22508 (A b/ —R*7) & NICT 23 3L RIBF7E3A A1 5K E 24
KRFDF v SANIZEEEL . ProtoGENT 7 ANy REEEGE L LTz, A, ZOBREE FIZHWT, 3 DD
EEBAZEL ., HARBNCEZNDV VT RALS UM E 7 0 s T~ 7 ZHIE A LI R TR TRBILEL
77

(1) BHEERICBITAERNRE

E ALK EBRA TR ERNE
KDDI#F | ATA A*8FH A 45E#¢ ATGA A LI AF 2V« IRA L (SEP*) 2/ L T2 57—
H 7 (AIA AT =T L —3 7)) X7 7 F % OAAMY FEAE A TR G Hds L ORI A 22
HRURF: WL ATA RS DATART =7 L —ar Hlli DR
FHRE | " rybfyyia =R Ty alflae T HIETATIAANDRT

T4 AR D% vy L a BAROMREE(—F R R TR B A
SCOPE ZFEMFZEIZ8D)

NTT V) — 27 AV —35.-*10 AL ) — R AT W LD — AT AV —a DM
R | L EREEATAAMEERT | FEBEORY N —ZHIES A7 A PRESTA 10G*12 (2152
3z TAAZ LD ke EER ERRGE

NEC

(=i

(2) FEBHER
O ATA 2 B H

Al MBS HKOT AR R EITIIATA RERE L DAy N — V& [ A B2 TR
WL, 0O ECENEN R DIy NI — 7 —E RAEIEEEE | RIS 22 L7 <M L CEhE
SHALZENTEDLINNZRS>TWET, AL, KDDI 3 .LE72 > TRIT LIC, ATFA A I AF 2P
RAh(Slice Exchange Point:SEP)EFESHEEES 7 — T A ZHT- DM L/ — R IZF2%EL , SEP %
LT NICT D%y T —7{AB T ARy R E ProtoGENI 7 ARy RO HAND AT A AD For NI —27
B AL TATA AR L2 B4, — DDATARAETDILITREILELT,

@ "rybFyyia

FEER SN~ DDATARIIT, L RFBHLERD HKEZRND R —DILR N 7 4y 7 24l
BT 27y e vy aDEM O FEIFERREAITWVEL L, 2T LIZUR RN T 407 7 — 2oy
vl Ak, b T 28T/ —FHOEE B AR 280 THY 4 RIE H A RO T H
P IZHHEAEL ) — R &2 RFIZHD ProtoGENI 7 ANy RND ) —RIZ, ENEN ATy vy
TaEREZ FHIEL | vy 2 tERED ON/OFF (2LD, H KN 7 1o 7O 0 RAamER L TWOET,

@ VY —RAT AV —ay + EkEE AT A A E BT

NTT BHLE7RD, HARD R NI — A LT ANy RNIZAE R SIVTZAT A AZBNT, U —RAT A
V—ar DEFEEBRIB I ONT 0r T~ T Vi8R NI — VBREE TS0l L7 s B AT A A E H
DERFEFEBRZIT, REIC B RAESINIZAT A ADBMD AT A ADFBE T HZ L7 B LIME
EBVITEMEL QWD 2B L ELT,



7ok, TNHORSEIE, 2013 47 A 21 A 17:30 CKEBLHEERH) (2 GENI F1EO Ry N — 7R AEET A
IR BHFGEE BT 7 7L A GEC17 (The 17th GENI Engineering Conference) [£45: %
E 4 ATV MNE KRB (T W) B WT, T/ VAR — 32 AR LET,

3.5 % DEWKE I

2015 4 3 A ETOZEFENF BN T, SR Ry N — 7 (A b B B i e sz.o0 B A L), |
KN DT AN "D B2 A E s He b . BHERE LI OW T, BRI HE DL LAFZERA IS IV A TUVE
ES



mer PR >

*1 JGN-X
NICTO A 2 H AR NI =27 DIb DT AR, NICT TIEATS DI 1E - ks O B (19994F )
MOAFFER 3 T ARy R % hT—2[Japan Gigabit Network] (JGN) OiEHZBIMARL ., —BEL TRy hT—2
B0 FGEA B M LI Ry b — 27 7 ARy REHAF L TETRY, 2011434 7 | NICTD v b — 7B e Dfis
7Ry N — 7 HA D EBLEZ D RRBAD T DFi 1727 ANy REELE LT, Fritt LB E#ET ARy R
[JGN-XJ(JGN eXtreme) A4, # HABHAAL TD,
22 URL: [JGN-X&(Z ? (NICT) |  http://www.jgn.nict.go.jp/ja/info/what-is-jgn-x.html

*2 RyRT—7FEBET AR
o NI = ZAABA L EART O EABHFE - FZREEBR DT D DT AR, JGN-XLO)Z\yFU~7{}§L*E{K?XF/\“yF‘
X, R RT =T B R T DN —H A F ED Ry =7 OF FEHE IR GBIE K, AT), CPU%) &%
BN o3 B TR D Ry N — I 2 A T DR REZ A 75, _@Txl\f\yl\%ﬁﬁb\fﬂifai?\yl\7~7
FRSOBEAFED Ry N — 7 TIEFEBLCERWEREE (FEA v — Ry M m b VEREESE) TO Ry T — 7l O fi
AEAATRECTH D,

*3 GENI (Global Environment for Network Innovations)
20055 (I EARRREH O METE P AR LIZNSFA 3R T 0 RIFI Ay N — 7 T ARy R 70y =7 b, HrLinAy
H =2 MERARC Ry NI — 77— 2O FEBRFE ZARME § 57260 | D o NT — 7 FEREEER D3 RO JhAL
[T TED Ry N — 7 @ Bl 7 ANy ROB 2 HEL T2,

*4 ProtoGENI
GENIO EE 270y =/ hD—D>ThHY, 24 KF% HULITHIFEBH I ST 2RI IR A % Internet2( /3y 7
RN—r &R OTAMY R T aY =, B T —7 (RTAR) ZEITHEL , 70l 702 B HIZEATS
ZETUHMARRY MY — 7 D FEFEER S A[RE, A ARDEARM, — R i, AT IR0 5,

L R SANESA 5 U AC T )
AL EIT S 2 O TRy N — 2 24 il 3 5L — 20— NSO N — R = 7 O CPULELRE /) OFL B A =55
OB Z RPN EIL, 2O ERZ T EISHAS DY HZET, ML CTH BIZHEE Y aharzEx
Bz ATREZRER B Ry N — 7 B EO TS D 5T, ZOREBERHZB W UIERSN By N — T %27
AALIEE,

*6 BRIy b —r (EH)
SBHFTAHBLT 5 THAD, HIRR IS EERIZTIE 2615 BUEDA 2 —y MEIRIZ )05
720 BTLUVBERICE SRy N — 2, BATEAL T DS R A R L . Aot OB ERE ) 2 BRIES B AETE D
BHRAFENZ M ESEORLWMIMEBZAE T 522 BHiRLTo, RkEE L2 o1y NI —2 T, BIfEDA
Z =2y MIIFIZEDDI T A DIHEZIRET 57 7 0 —F THIZEBR M Tt T\ D,
ZEZURL: THtxy Ny —27 0=/~ (NICT) | http://www.nict.go.jp/nrh/index.html



*7 AL/ —F
(AR N — 2 RSN S D120 DU AT b, BARRYIZII N —H AT =" RFRy N —r 7 'n
B ENORERRSID, 20084 H20104E 12, NICT, AR5, NTT, NEC, H . & OVE Li@arseaT
DOIL[EFFEIZLOBIFEBIFE AT o4, 20114E D BT, NICTDZFEHF 8L L CKDDIMFZEFT 23 o> T, Ik
HROBEAE/ — R OBFFEBRFEEAT > T,
2B URL: H7 /23y N — 7 DEBLE X 2 530y NI — 7 (b ) — R O SERE R 2 PEH TRl 44 (20104F:3
H30H)http://www.nict.go.jp/press/2010/03/30-1.html

*8 RTGARX
T N — 7RI b 2 O CTAE S AR BRI 72 f s R — 77

*9 SEP (Slice Exchange Point)
FBIRDIAERNCIN T, ATAADH H R EATI 20D DATA AEfetits, S RIOT —%77F v Tk, ¥ —h
Ve ARREEA L H T = — REWERE A A L, AT AAD GG BTG W o N — 7R A L TR
FA AR L O E i & BT 5,

*10 VY —RT7 AV —Var
AL/ —RDOE (VY —R) ZATAARNTEH LI THlEWE Oy Ml g BIERFRE]) OfRiEz 2
TA AR TRILT D EA,

*11 BB ERTA AR B EA;N
(AR T NI — 74 B R 0 — CRERI DSBS 2L D LR B BE T ISR W TR 72 oo R — 2l
257 5 (PRESTA 10G) ICR2DMITE i ARy N — 2 DB bR oy — LR BREL TEIC 2 bE 2
ZEMFREL R D EIN,

*12 Xy I—7RIET 27 A PRESTA 10G
PRESTA 10Gi%, 10GbpsDF ¥ 7' F v« V= R —2HEREZ A 25107 /FPRLEE THRIE v ReZe Ry b — 27|
EVAT by NTTARK RS EIEFTE TR T 1« T4 TATAKRASFHDBAFRE LT, A ENIATAAZ LIZHIE D
ATREZRHERBILIRAA T - TV,

Uk



i & B

BEXXRy hY—7 BT R by FOMEEBERR

A KDy T — 7 RAET AR ROM A HEREOT= D12, 48] NICT (=2 K7 L RIS & 75 O,
HARDRAE L ) — R AT LD — %, X KFF v SACKEZZ NI A AT 2T 4 ) IR EL T, K
[E ProtoGENI > A7 LDk A FEEL £ L7,

ZHUZED — o DY ERRY NI — 7 ETHEED R DRy NI — 7 —E AP AR EZ 52§ Hich
B & DIy NI — I DPFAET DL 7R WA B K EIAEDZ LM FIREE )Y, A1 . Ry N — 27 DT LWFIH
DI=H DWFFEBRFE NEBRAV 72 R TR T2 IR F SN E T,

‘.I-I.Il‘l.l.l.I.IlIl.lll.llllIIIIIIIIIIIIIIIIIIIIIII.

’ “.“llllllllllllllllllll.
ol Y%

: /V<I ; 3 251 2iBEER : gem “{&protogeni:
: NWGN (251271 7L-y3y | M7

Ry RO—DREETZ A B (BF) s ProtoGENI CRED

L

IR AVE
AT L

NW{&:&,\'E :ly FE]_)IJjL/_\

EIES, 2

INTybFrwya

(AT ===
= /J‘J Pz QVIVESIE D

! 4 +BBE RS ZBIERI /

.~:.'/ / =45 - JA'F_Eif.T :: |N%w

1oRFICRELE
£% JGN-X @6/ — 1 -

v
.I.I.II.I.II.I.I.I.I.I.I.II.I.ll.I.II.I.I.I.I.I.I.II.I.II.I.I.I.I.I.I.II.I.II‘ ..l.ll......l.l.l..l.l’

-
v

: F=RATL—V

E 271’7\1 \

: 7\%{7\2

E s

H A1 AN-1

. A /L/ -
= 254 2N (BAX) -~ E———
:

[ ]

]

[ ]

u

\\\

AEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEER®

‘.‘ anm

1. RBREFHE



-1

@@@'@@

HEERSNRERVET—Y

RSARERATR
(%81t/—F API )

MRILAPI

RSARERATUF
(ProtoGENI API )

f

19971~
ZHh

1S

A API

HE

1 /’)'71 A

(T
S~

Lo
-—J

\ A _SEP(Slice Exchange Point)_/

181t
KEA

!
\

HE)

GK (GateKeeper) : HlfEME S A1 27— A E ik EE
GW (GateWay) : AT YT —32RA 37— R E L RE

2. ASAAMEER (RSA/R7zTL—3y) BEX

/774 JLHY—IN KFHT

VNode X Z14 X

T—R%F/\y Bl
FidAHETHXM
b2 2490 % /512815

T—ENST497
smmmmnnn )\ a ZT4YYT

o ?
A

—_

-~

%
&
\

O

T

protoGENI

T7AIL

and

N

4

3. \rykdyyia HIER



HEROZIMI—7RBIEEKEBTIELA>ZBERE(/NryMEBRE, BHERRE )
ORIEHFTREE V), BmBLY—ERRHICEITTXE<AIE

- 4 RSARBIEE
Ea Eﬁ RERIENLEZASLZHMBDRAT 1R
= - : DEEEBFBTLL<EE

EREATARBIE

NWiRZE it I 5
e (PRESTA106)

RBL))—RAP 1) —a & EEALL

EFBIUAE-bSREBMER == =]
el Transport NW [ . - 1
EELATL |
N
. Isolated Slice (over 1Gbps) L —
NS NS — e R
Isolated Slice (100Kbps)
[ H — L
q Best Effort Slice / l
NS NS
------ Control plane
VNode VNode | — {FAEYY
Physical link ®8/—E

(0 Transport path

4. )Y—RT7AIL—ar +ERERTA RBIE M SMER

Uk



