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NICP NICT’s Integrated Testbed

Testbed: Place for field trials of new technologies
Unit for accelerating technical demo and actual proof in society

*Integrating NICT’s testbeds on JGN * Establishing new testbed infrastructure techs
Infrastructure * Cooperation with both inside and outside NICT

eactivating testbed use & apps

; ” Over 100 On-Going Projects
Large Scale Emulation Facility

M2M Cloud Platform “StarBED” :

Sensor Cloud Infra. for . Wide Area SDN Ongoing Integration

Large Scale loT . Testbed “RISE” ® Caravan Testbed
Service ”JOSE” e ® | PWA Testbed

® M2M Data Center
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- ags Projects available at (in Japanese)
ACthltleS https://testbed.nict.go.jp/example.html
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About JGN Tont NICP

A network testbed operated by NICT

— JGN started in 1999 JGN International
Circuits (Oct. 2017-) ~ Tokyo

e JGN has international circuits and

. . : Hong Kon %
domestic circuits ° oot
Bangkok JGN

— 100Gbps: Tokyo-Hong Kong-Singapore
(JGN/SingAREN/NSCC) 1Gbps

— 1Gbps: Singapore-Bangkok

100Gbps
(JGN/SingAREN/NSCC)

Singapore
* JGN supports cutting-edge network experiments
— High-speed app: uncompressed 8K video transmission
— Time-sensitive app: next-generation ICT-supported surgery, etc.

 We have been collaborating with SINET to extend network
reachability in Japan




100Gbps Asia-Pacific Ring (APR) oo N/CP

Seattle

TransPAC/Pacific Wave
Internet2
Pacific Wave

JGN/SmgAREN/ Los Angeles

NSCC
Hong Kong

Internet2/SingAREN

Singapore

APR MoU Ceremony
(Dec. 1, 2017@Singapore)




Super-High-Speed Long Distance /
Data Transmission at SC17 (2017 Nov.) Nﬁ

-
) ~

231 Gbps data transmission over three 100 Gbps routes e

+ Using NII's MMCFTP (Massively Multi-Connection FTP) protocol ="
Demo at SC17 (Denver, US)

v @ s

T
0 at SC17, NoﬁOl{ S’@Tﬁﬁ%mBSI n@"j\ Denver
: 231Gbps Ua e

— SINET5 LANS
NICT JGN/SingAREN
¢ : : ternet2

SingAREN/IN .

&\: ; < ?’% : ’
,\r//E Japan-US line 3 X 100Gbps routes

Singapore E? .%Xu_\\ 1 | Pacificwave/TransPAC Tokyo i, Seattle - Denver

2 | SINET Tokyo - LA - Denver

m 3 | NICT/SingAREN/Internet2 | Tokyo - Hong Kong- Singapore - LA - Denver
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Uncompressed 8K Video Transmission
at Sapporo Snow Festival (2018 Feb.)

8K Camera

&Sapporg 4K Camera
neT ‘3,

IP Multicast (__':,1OOGbps *2

IP Multipath TransPAC 2.
== PACIFIC WAVE
= o, y Seattle
K 8K monitor Osaka O 4K monitor
= O 1006bps LA
_ 2 >
Singapore & S . m%r
Q @, 3 Q
Hong Kong N o &°
& 4 - Technical Keypoint of 2018
5?,,‘,/\,95” IP_ Multicast on Multipaths
,,,,,,,,,,,,,, o GoP° ) } .. .
e i 1007 Total 51 organizations joined the demonstration,
5'”’A”5” NP Multicast including Broadcasting Companies, Telecom Carriers,
\4K monitor / IP Multipath Network equipment manufactures, AV
. . . manufactures, Universities, Research Institute,
Field trial place for a number of organizations

to bring new services, products, equipment, tech&?b%ﬂ%'and SO on.




Testbeds (JOSE/StarBED) for loT J@sE a8

® |oT Verification Testbed

® Information processing infrastructure

® Real time processing and analyzing of data obtained from a large amount of sensors
® Contribution for the new business creation by

® Promoting the technical and social demonstration utilizing 10T in various fields

promoting loT ut|I|zat|on
demonstrations in vg jelds

loT emulation
Environment
===

sensor group for loT

field testin
Distributed processing 8

. inds of wireless sensor networks
infrastructure .
1,000 real machines
Field Testing
10)000 VMS- Flexible, hlgh speed and secure Networks provided by SDN

High-capacity and ngh speed distributed storage

StarcD -

& v

loT Testbed based on StarBED/JOSE




Field Trials on JOSE since 2012

jesy

Contribution for R&D Community, accelerating service deployment of
loT technology through 33 field trial projects in 7 Target themes

Live E! (NICT) /
Environment Monitoring

Osaka Univ. / Video
Streaming @Osaka

NICT / Address
Management

Tohoku Univ. /
Disaster Monitoring

NITech /
Transports

NIl / Smart City
@Sapporo

NEC System / Health &
Medical @Kanazawa

OKI / River Monitoring
@Chikuma, Nagano

-

Hokkaido Univ. / Smart

Glory /
Computer

Visions @Himeji

NICT / Smart
N City @Kyoto

OKI / City Monitoring
@Koganei

Agriculture @ Memuro

NIl / City

NTT-AT/ City

@Ehime

Cefox / Health &

Medical @Ohmuta
—— "

Monitoring @Hiroshima

Ehime Univ. /Smart City

P

L&

Promotion@Ohsaki

NTT Data / Structure Monitoring
@Tokyo/Fukushima (2 field trials)

NTT-AT / Pipeline
Monitoring @Tokyo

NEC / Bridge
Monitoring @Tokyo

NICT / Disaster Monitoring
@Kobe etc.

NICT / Disaster Monitoring
@Keihanna etc.

Sl Ui, § Sl FESTIVAL / Smart N!CT / Smart ] ClouT (Ke_io Univ.) NICT / Disaster
~| Campus @Osaka o @Osalfa C|ty\@Sh|zuoka /@Sg; 3265\,'2/ N Evacuation @Koganei
- 4 . . CCC21L / Energy
_~| Weather Service / Disaster Management @Yamanashi Management
Monitoring @Kobe etc. - N @Koganei
NICT / Bus monitoring NICT / Smart
@Osaka navigations @Osaka

Target themes:

Smart City : 14

Disaster Monitoring : 8

Infrastructure : 4

Health & Medical : 2

Transports : 2

Agriculture : 1

Network Management: 2




StarBED in Ishikawa W4

StariBciD

A cluster of 1000 or more PCs dedicated to diverse huge-scale verifications
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Realtime emulation

Common OS and software work
Hardware-as-a-Service (OS can be replaced for user’s purpose)
Can bring-your-own hardware

Can make arbitral network topology

Can allow “ERROR” by separation from Internet

Can verify behavior of malware in igplatqd environment

T3 00

Darame

et




Designing ICT Infrastructure with Emulation on StarBED 4

Staricl

Problems in traditional approaches for large-scale ICT infra designi
« Simulations: poor accuracy of the results
* Field trials with real systems: high cost and poor scalability

Emulation is the key to the effective solution
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TESTBED

Case study on StarBED Multi-hop wireless communications emulator on StarBED
v" Real landscape data is loaded from GIS (geographic information system).
v" Full-stack communication software of every object is run on StarBED.

11 | Users can place and move any objects (Unmanned Aerial Vehicles, Antennas) anytime, anyx



New Activity with NICT's Testbed for IoT )
Cooperating with Smart loT Promotion Forum

e Caravan Testbed: Portable wireless communication apparatus
mPortable system stand-by, up to 3 months dedicated use for lIoT environment
— A variety of sensing devices (e.g. temperature , vibration)
— Communication devices (WiFi/ LPWA / LTE)
— A portable server & edge node

— Emergency power supply & High capacity battery
sPortable wireless communication apparatus set for loT’s first/last 1
mile

 LPWA Testbed: Verification Field with Multiple LPWAs
m Support LPWA-base loT Promotion thru’ LPWA survey and verification field deployment

>We are promoting a framework of cooperation, including the local government and
industry, centering on the Yokosuka Telecom Research Park.

12




loT Caravan System Testbed: Available Eauipment

IVCIC /4
SmartSight camera NerveNet Core network (JGN - RISE)
TV (WiFi. LPWA) | o) Cloud platform (JOSE)
- ‘ e <)
Test machines ( ﬁ 'ﬂ;'; TerueNet
, bx. IoT-GW
> (LTE)
sensors —
Emulation platform (StarBED)

Requests Used facilities Functions

1 Want to connect easy
& secure LTE line to
the NICT's core
network

2 Want communication
lines at no
infrastructure place

3  Want trial of LPWA at
favorite and arbitral
places

A A\AT o L o

loT Gateway

NerveNet

LPWA (LoRa)
test machines

l IV W - N

® Secured connection the core network

® No need complicated gateway configuration (NICT
does)

® Possible wired/WiFi selection for device commun.

® A distributed network that uses wireless (WiFi,
LPWA) multi-hop technology can be
constructed in place without a communication
infrastructure

® Support power supply (buttery & solar panels)

® | PWA commun. map is easily created by
reporting LPWA commun. possibility from a
GPS-aware child machine to a BS at each
measurement point

V' Y g I AR B L M I SR |
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LPWA Testbed: Verification Field with Multiple LPWAS

B B e w—mmp—

» Yokosuka Hybrid LPWA Testbed launched by Yokosuka Telecom Research Parlz
« Experiment multiple LPWA (as of Oct 2018, Sigfox, LoRa, Wi-SUN) on the same ¢
* Rent LPWA base stations and LPWA devices
* Use users’ own LPWA devices
= Pilot operation (free) from August 2018 (http://www.yrp.co.jp/LPWA/index.htJr

Rooftop,
Yokosuka City Hall

Rooftop,
YRP Center

[ N SN
Yokosuka
Drone Field

§5$;
S e hgas/e)

P L xm ®

What is LPWA performance
in reality?

Soleil Hill NN




NICP

* We support transnational science thru’ our integrated
testbed with “High-speed and loT” “Network &
Distributed Cloud”

— 100 Gbps Nation-wide & Asian circuits
— loT aware verification environment

— Large-scale sensor/could infrastructure
— Large-scale emulator

Thank you!

NICT will continue to contribute to the International community.
www.nict.go.jp
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nicp __ Testbeds (JOSE/StarBED) for loT  jose «f

® |oT Verification Testbed

® Information processing infrastructure

® Real time processing and analyzing of data obtained from a large amount of sensors
® Contribution for the new business creation by

® Promoting the technical and social demonstration utilizing 10T in various fields

promoting loT ut|I|zat|on
demonstrations in vg jelds

loT emulation
Environment
===

sensor group for loT

field testin
Distributed processing 8

. inds of wireless sensor networks
infrastructure .
1,000 real machines
Field Testing
10)000 VMS- Flexible, hlgh speed and secure Networks provided by SDN

High-capacity and ngh speed distributed storage

& v

loT Testbed based on StarBED/JOSE
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”.’:"Z JOSE & RISE Next Step: Edge Computing & Net Softwarization

®Increased devices, functions and data ® In-vehicle image sensor: 1 million cars x

®Diversified extreme service Regs. 20 Mbps = 20 Tbps
®Reduced working-age population ® Auto driving: < 2 msec response

®Keep CAPEX/OPEX ® AR:< 16 msec response

— =

® Automatically managing virtualized Nets & 0T edge computing environment
®Elastically & agilely expand computing & net resources in respond to scene change of event

Scene cha[r%
I
| 4
stable
@congested

aguey)
IR IERIISEL

JUBI|D-J2AIDS
uauin)

uoljewolny 1 MIA 19N
+ 8unndwo) adp3
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Testbed Partners Q

« Coordinate NICT's testbed and partners’ hardware, software, services anfl ot
* Promoting the further testbed utilization

v
® iﬁi; : :!e partnership can expand the NICT Testbed, allowing users in

various fields to take advantage of the capabilities of a more diverse and
evolving NICT's Testbed.

® Partners: The products such as hardware and/or software provided by the
partners can be improved their visibility, quality of services and customer
satisfaction through the use of the products on NICT's Testbed.

Nﬁ | Coordinated Testbed: ) .

A+
Long-term data archive j Partnet C

User #1 User #2 User #3 User #4 User #5

18




loT Caravan System Testbed - |

B Portable wireless communication apparatus set for loT’s first/last 1 mile nicy
B Prepare a set of portable systems to create an IoT testbed environment for up to 3
months per project.

« Promote demonstration experiments in which multiple functions of
JGN/RISE/JOSE/StarBED, sensor devices and communication devices are
combined

 Solicit loT verification

A new initiative reflecting the examination of Testbed Subcommittee in the Smart loT
Promotion Forum. Caravan Testbed

< image> (((-)))

NerueNet ’

® Diverse sensing devices (temperature, vibration)
® Communication devices (WiFi/ LPWA / LTE)

® Portable servers e Edge nodes

® Emergency power supply e Large-volume battery

=% JGN
caravan e

Remark: No car in real

19



Case Study: Imp

Testbed accelerates deployme

roving Open Source Software

nt of OSS into commercial infrastructure though

supporting verification of its scalability, performance, stability, operations, etc.

e d

NTT

ocomo

NEC V]

HEUK

THE UNIVERSITY OF TOKYO

Raising operation of
OpenStack Neutron
to commercial operation level

o *

16Gbps communications throughput

llllllllllllll
**

openstack”

CLOUD SOFTWARE

‘/«4 X X
"/ :' " " "’
g/‘;‘s@'g G TV

EAT N |
e

Wigogog -

among servers with VXLAN off-loading

Management of
5000 virtual servers
cluster

IS e Fe F s

Management of
100 physical servers
cluster

NS>
N

Sy

*

High-availability capability
for Neutron network controller
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In Progress: Integrating ICT Emulator and Slmulaﬁfﬁ

Multi-Agent Simulator &
viditi-agent T omahar AEER The Emulator
[l artisoc 4
. Manager
4 5 (nZoordinatio <—
Brokes
v
AL &R -
« Simulate start/holding |wnitycz) Qun“y * Emulator on StarBED

time of s * Real traffic generated
communication by SR e from the simulator’s
users s trigger

* Link these events to o i i e et | o Feedback to the future
the StarBED emulator |~ - = Y . simulator events

21 Visualization for overall state




