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[ Ukraine government official

@ Mykhailo Fedorov & @FedorovMykhailo
I

The village of Ivankiv, Kyiv region, right after RU
occupation. Operation of electricity and mobile
communications has not been yet restored, but Starlink
came on time. Locals finally are able to tell relatives that
they are alive. Thanks @elonmusk, your help is priceless
for UA.
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@ Mykhailo Fedorov & @FedorovMykhailo L 4
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[ Ukraine government official

Rough data on Starlink's usage: around 150K active users
per day. This is crucial support for Ukraine's infrastructure
and restoring the destroyed territories. Ukraine will stay
connected no matter what.
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TECHNOLOGY ASPECTS

National Institute of Information and Communications Technology (NICT)

PROPOSAL FOR WORKING DOCUMENT TOWARDS PRELIMINARY DRAFT
NEW REPORT ITU-R M.[IMT.FUTURE TECHNOLOGY TRENDS TOWARDS
2030 AND BEYOND]

1 Introduction

At the 34% meeting of Working Party (WP) 5D in February 2020, WP 5D agreed the detailed work
plan and scope for the preliminary draft new Report ITU-R M.[IMT.FUTURE TECHNOLOGY
TRENDS TOWARDS 2030 AND BEYOND]. At the 38th meeting in March 2021, WP 3D
developed the initial outline and scope of the working document and further discuss at this meeting.

The provisionally agreed scope of the new Report ITU-R M.[IMTFUTURE TECHNOLOGY
TRENDS TOWARDS 2030 AND BEYOND] is as follows:
“This Report provides a broad view of future technical aspects of terrestrial IMT
systems considering the time-frame up to 2030 and beyond. It includes information on
hnical and operational char istics of terrestrial IMT systems, including the
evolution of IMT through advances in technology and spectrally efficient techniques,
and their deployment.”

This document proposes some updates for the working document towards a preliminary draft new
Report ITU-R M.[IMT.FUTURE TECHNOLOGY TRENDS TOWARDS 2030 AND BEYOND],
which is updated from previous National Institute of Inf ion and C ications Technology
(NICT) *s contribution (Document 3D/440).

2 Proposal

As NICT has proposed some structures and texts for the draft working document at the previous

WP 5D meeting, we propose to further updates based on Attachment 5.7 of Document 3D/545.

NICT is of the view to update the current draft working document as follows:

- Existing Section 6.5, Sub-section 6.5.2, 6.5.3(former 6.5.1 and 6.5.2), and new 6.5.1
should be explained the technology related to Terahertz Communications.

- Section 5.12 and 6.12 should explain the technology related to Wireless Space-Time
Synchronization.

tions Technology (NICT)
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Virtual meeting, 09-10 Sep. 2021
Agenda Item 3

Space-Time synchronization:
Phase synchronization, clocks, and positioning in advanced regime

Perspective for Rel 18
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https://www.soumu.go.jp/main_content/000696612.pdf
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Cyber-Physical Space in B5G/6G Era
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End to End QoS Control across multiple domains

B < THDOFTLULIEIRE: Sharing and Isolation
B Multidomain resource management for end-to-end QoS

requirements under various use cases.
B CA use cases: u-eMBB, u-URLLC, u-mMTC, u-LPWR, etc.
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H. Tokuda, Y. Tobe, S. T. C. Chou, and J. M. F. Moura : "Continuous Media Communication with Dynamic QOS Control
Using ARTS with an FDDI Network”, Proceedings of the ACM SIGCOMM'92 Symposium on Communications
Architectures and Protocols : p88-98(1992)

H. Tokuda, “Challenges in Developing B5G/6G Communication Systems”

IEEE/ACM International Symposium on Quality of Service

25-28 June 2021 // Virtual Conference
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mIRER Vo MEER ODEREE
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Transparency (GZEBATE)
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Beyond S5GIAZ AR RESE

NICT Beyond SGIRBRBESEDOZRTI OIS A
B 2020-20254FE: $£1:RA55(2020/2021), $2IRNE(2022), -
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$—R
Beyond 5G PERERIRTY PERESRIREY 3| AlnE
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A bit of history
~NIATLAENSDHRR~
1970’s Computer-centric

1980-90’s Network-centric
2000’s Human-centric
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Performance

A

Cloud/Edge Computing

Massively Dist. Virtual Machines

Wearable Pevices, Sensor Actuator Networks
I_\inart DuSt, Implantable Devices

N

Scale
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— /0’s

AvbEa—49xky 7= DiE(L

« Research and Development Network: ARPANET

— 80’s

. TCP/IP, 56Kbps -> T1 (1.5Mbps)
. CSNET, NSFNET
- 90’s == The 15t Digital Divide ==

« The Internet. ISPs. Creation of Web Space
« 93 Commercialization Plan

« 95 Privatization of NSFNET
« Fusion of Media Space

— 00’s

« Ubiquitous Network
« Cyber and Real Space Integration
« Service Mash Up

— 10’s

« Social Network Services and Social Media

— 20’s

DX movement, Al, XR, CA, Metaverse, NFT, etc

— Internet Fax, Internet Phone, Internet TV, Internet Car
— Internet Tuner Chip

— Web Services, Blog
— Google Earth, Google Map

— Lifelog, SNS (Facebook), Twitter, Zoom, WebEXx, etc.

&> hide tokuda lab.
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ICT Environment in 2020-2030

» Information Society —> Society 5.0 => Co-Creation Era with Machines
»New Software defined Social Infrastructure

» New Connected Secure Services

Future
Internet Internet
Mainframe, Personal Cloud/Fog/Edge
Mini Computer Computer/Smart Computing
Phone/Tablet
Ubiquitous Cyber-Physical Systems
Computing
1980’s 2000’s 2020’s
Sensor &RFID
Manual Data Input Bar code loE
M2M loT
WoT Software Defined Infrastructure
Production System Industry4.0 Software Defined Products

Connected Secure Services

Maker’s Movement %> hide tokuda lab. 37



Fascinated by System’s Research

From Distributed OS to Ubiquitous Computing Systems
ATIXgE 20&¥45(201547A°)

532 N T H g 30%4% (20064 7H)

(V2 F %=V Y= | [2oLupUPRIRT 4/ N—Ya] (HE2E)

YATADWRIZBELNT

— M OS POHLEFHIAA LV 2— T4 VT VAT HAN—

Fascinated by Systems’ Research
— From Distributed OS to Ubiquitous Computing Systems —

4l Ll et 74 2 AL, Aty Fede BT AN o) P ke Afe —= — Tl

Yoy BIERARFIREIERE, KRFERBGE - A7 1 TH%ER

Hideyulki Tokuda Faculty of Environment and Information Studies, /Graduate School of Media and Governance, Keio Univ.
hxt@sfc.keio.ac.jp, http://www.ht.sfc.keio.ac.jp/~hxt/

Keywords: distributed operating systems, real-time systems, ubiquitous computing systems, cyber-physical

systems.
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Take home Message

» AT AL FEONTIRAIFDE !

BWSXAFAIZ. VWV IA—YIA=Z1=5F4HhHHO>THE - TS !
SAFAYVI NITPEEETTUT. SAFAY I RNITPIRENLL

yilRE(E, RIS CTERI TL\D!

U7 IIREIREZ D, fFR, 2NN
e.g. Priority Inversion Problem ({B5%E ¥ iERRE )

yERFEERFE(C (.
Vision, Mission, Passion »=z=
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KEIO Oki Complex System (KOCOS)

{File system) (Virtual memory system)

TTY NOVA- TTY NOVA-
PTR [ 1200 PTR (- 1200 () Disc )
PTP 12kw PTP 16kw
BIU BIU
C-BUS
[BMm ] [ BIU] BIU BIU
OKITAC- OKITAC-
HITAC-1¢ HITAC10
aso0c () Disc ) 4300C
12kw 12kw 8kw Akw
| | I |
TTY TTY TTY TIMER TTY
PTP PTR PTR CRT FFT pro.
PTR PTP A/D STACK- Graphic
(System Scheduler) D/A pro. Display

Fig. 1. System configuration of KOCOS.

Destination Memory Address
Status information
Rendezvous Table (RT) Time Out Check

[aIGIWIaaITnL Fof—

5. Message

BIU1 Iy N\

’2'. LIO, SIO
EP1 | l EP2

| 3 |
LOS1 r_/ ! L0s2

1. System Call 1°. System Call

2. L10, St0

Process a
WRITE

{a, 8, aa, n, 10)
BCW[ WRITE | 5 ]:xx Yvi READ | 6 |gciy (ipcm)
a 8
8 & |
aa bb

n _ n
10 0
\* bb:

Fig. 5. Message type interprocess communication sequence (WRITE—READ).

» Aiso, H., Tokuda, H., Kamibayashi, N., et al.,"The System Software for KOCOS (Keio-Oki's Complex
System)", in G. Bell and J. Bell, ed. Minicomputer Software, pp 41 - 50, North-Holland, New York, 1976.

» Aiso, H., Kamibayashi, N., Tokuda, H., et al., "A Minicomputer Complex - KOCOS (Keio-Oki's Complex
System)", Proc. 4th |[EEE Data Communications Symposium, Quebec city, Canada, Oct. 1975.
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Message passing vs. Procedure call
EDLSICA—DI—RFZEEVYY Y ETERITISBIN?
Pascal Compiler - P code (FEd—FK)
Message-based OS (RC4000 vs. 0S360)

Y —-ADX—ZVJERE

)Y —AD3

LB EHEFIE (X v E—2EYT7 A7)

- f8HZ=. KOCOSIc & T2 7Ot AFHRE. EFFEHREEFREEAZ (1976)
- (KEE) PV EFICOWT (FEHEEF, 8HZ%s) Vol.17 No.5 (1976.5) (FBEBTED
(>3—hk - /—=hK) WHIT7OEIDOHEFEREEZDHHE(1976)

- (KB ZILTY XLDEEDENR 27, T Ot ADBERE (BH=ES:E) BFHROE,

Vol.24 No.4 (1983.4)
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WaterloolFf\: Prof. Manning‘s Living room
with Profs. Aiso, Tokoro and Sakamura
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1980 at CCNG, Univ. of Waterloo

&> hide tokuda lab. 47



Shoshin System at CCNG

Tokuda, H., and Eric Manning,
"An IPC Model for a Distributed Software Testbed",
Proc. of ACM SIGCOMM '83, pp. 205-212., Mar. 1983.
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DA AT LDAY N
CMU-CSD

PRV TZIVIA LY AT LDRF
CMU ARTZIL—7
(1983-1994)
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CMU: my office@WeH7122
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CMUBEFX: Faculty Members (1)

One Department Head and Rest of Us!
hxt@cs.cmu.edu (WeH7122)

Allen Newell

U.A. and Helen Whitaker University
Professor of Computer Science
Ph.D., Carnegie Institute of
Technology

A. Nico Habermann

Professor and Department Head
Ph.D., University of Eindhoven

In addition to the design and im-
plementation of three operating
systems, Dr. Habermann has worked on
the development of system concepts

Dr. Newell’s central scientific interest is
in discovering the fundamental nature

T e i o e L R N L

Herbert A. Simon

Richard King Mellon Professor of
Computer Science and Psychology
Ph.D., University of Chicago

Raj Reddy

Professor of Computer Science and
Director of the Robotics Institute
Ph.D., Stanford University
Professor Simon is interested in ar-

tificial intelligence, especially the use
of computers to simulate human think-

Edmund M. Clarke, Jr.

Associate Professor
Ph.D., Cornell University

One method for obtaining more
reliable software is to prove programs
correct in the same way that
mathematical theorems are proved. It

Dr. Reddy’s research interests in com-
puter science are in the areas of
artificial intelligence, man-machine
communication and signal understanding systems. In par-

Geoffrey Hinton

Assistant Professor
Ph.D., Edinburgh University

Professor Hinton is interested in the
kind of massively parallel computation
used by the brain for vision, knowledge
representation, and motor control. In
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CMUEFY : Faculty Members (2)

computing. He is
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CMU: Prof. Takeo Kanade (2012)

&> hide tokuda lab. 53



Robotics meet Reality

loT/CPS also meet Reality



CMU: Jeannette M. Wing (2012




DPEITPIVIA L AT L

ARTS Kernel
Real-Time Mach

H. Tokuda, C.W. Mercer : "ARTS: A distributed real-time kernel”,
ACM Operating Systems Review,Nol.23,No.3 : p29-53 (July 1989)
H. Tokuda, T. Nakajima, P. Rao : "Real-Time Mach: Towards a
Predictable Real-Time System”, Proceedings of USENIX Mach
Workshop : 73-82(1990)

&> hide tokuda lab. 56



PRI TP IWNIA LY AT LDERE

-HEBZEWIAVE2A—T VI TGN ]
- FHRIATREZR S A T n

- SHIEAVIE M1 & BFRERYIE X1

- End-to-End® % 1 = > J #lI#ID{REE

-FE 12120707 7 LDETIFEOK, 2D ?
(P1 sartl)

(P2 satrt?2)

then

(P1 sattl && P2 satt?2)
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Why Real-Time Mach ?

» Advanced Dist. Common Real-Time Computing Environment
- RT-Technology from ARTS
- Predictable System
- Integration with real-time toolset (Scheduler1-2-3, ARM)

« Research Coordination Platform
- Real-Time Scheduling Theory
- Real-Time Architecture
- Real-Time Database
- Real-Time Communication
- Real-Time POSIX 1003.4 & .4a

* Interoperability
- Extensibility

* Multiprocessor
* Portabllity
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Real-Time Mach Architecture

Distributed Real-Time Applicatoins

Media Servers ) ( Media Base Servers

OS Personality Modules

Protocol Servers
Real-Time Servers

( RT-Mach 3.0 )

FDDI, ATM, Ether

MC68030 i386/486 mips R3000 RS6000
SUN3 IBM PC/AT crons  DS5000 IBM RS6000
NEWS1700 NEWS-RISC

NEWS1200

FORCE CPU30

MVME-147
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Gmol: RTS Demo (1993@cMu-csD)

Real-Time Mach

G Dﬂﬁi‘i‘l{:}f Demo

T - t
R
O Moscer
Saaban °
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U 7)b¢d~ﬁﬂﬁ§%ﬁ*ﬁ\ -rI . ﬁ/_tf[l’\
Priority Inversion Problem
BEEWIEEE

Mars Pathfinder’s Problem on July 4, 1997 43) hide tokuda lab. 61



Priority Inversion Problem (1)

* Priority Inversion (in the processor scheduling domain)
occurs when a high priority task must wait for a lower
priority task to execute.

» Unbounded Priority Inversion is considered harmful.

- Priority Inversions occur in various Scheduling Domains:
- Processor Scheduling

- Communication Scheduling
- Transaction Scheduling

» Solutions:
- Priority Inheritance Protocols (Prof. Rajkumar’s PhD thesis)
- Avoidance Protocols
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Priority Inversion (2)

Critical Section
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KEHIS HENDRSE

(by EHEEF. EHESE FHRLEF

j A4 A S

wu]!92§4i¥r7ﬁa75)

/ Vol. 25 No. 7 1 #

\ oM o A

A 2 July 1984 \

BE= RFAMNEBFZENTESICERTES
' MREEBL, HFREOERTHRES &
K RIET 3HEICDNT

RN A

BIM (BF 4 A D~y & ED)
Date: Sunday, 15 January 1984 23:39:20 EST
From : Takehiro Tokuda@CMU-CS-GANDALF
70 : bboard@IPS]
Cc: Hideyuki Tokuda@CMU-CS-G
Subject : Electronic Mail Connection from Japan

L L&

1983 10 A5 MEHRE Y 1#EEH S HRnE
ICBT 2 RERFECEESTLAY, F L L REKY
CACM ¥ 3XE O HBFIEMEOKRT - BFFUT
ZBFAANEE TR L CSNET o4 %, IEEE
Computer Magazine £ i35HEBLEA v + - o —
ANFy bEERL 23y (TiEbL, 29 O

2y — VBRI

AES BF=>-XL4%-—

A4 vExy b FOHBHEDAEE 1 IIBHRORY:
EAFEON A v e—T %, REBICEEVAMLOD
R EBT - REL—FBFAANVTENT S =
a—XUL &=, ‘ ‘

T KRORENLATERART A 4 V8% 3 DR
BILE Y. ZhOR—ELRHBTT, 4 VOEERERD
ANEEBELTHET.

BE4 ARPA INTERNET?

KEPFRENA R 4 130, KEOF 100 # oD
KE¥ - RFZFOMEEIERKHA V232w b D
T ARPA NET oOiiiElR.

HMES CSNETY*
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ﬁIj{ <--> CMU-CSD via 1200 bps modem

jun@titcca.titan.junet <--> hxt@k.cs.cmu.edu

And this labelled as June 1, 1981

I- Uucp links
: Berknet links
[ Arpanet links

pdp
(Misc) I (NC) (Misc)
decvax sii reed phs--unc--grumpy duke34 utzoo cincy teklabs
[ | | | | | | | |

] d=mpmmmmfpm = et fommenee ommnm + !
! ! !
! duke !
! ! !
! === == mmm s e mmme————————— === + !
! ! ! ! 11
ucbopt ! hocsr--mhtsa----research mhl35a harpo----- chico
. | | | |
ucbcory ! ! eagle ihnss  wvax135 (Bell Labs)
CUCB) : ! ! 1 ! !
uchbvax--++--=--=f=---- s bttt et ST fommmmmee +
: @ ! ! I (51licon Valley)
ucharpa @ CUCSD) sdcswvax ! menlo?7@--hao
: e sdcattb----- + ! ! !
ucbonyx @ ===== ucsfcgl sytek sri-unix
@ phonlab----- +
cca-unix sdcarl

USENET in June 1981
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1985 Network Symposium in Seoul
CSNET official TCP/IP Tapeh BAEAIRE
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AI—bh2F4205xT0 6

(2012-2018@KEIO-SFC)
EUI : S U Y —ADmiE L, F5ixnl st
HAHE : st EHDEIE/ICTHDLSD
ALQQDQoLDM _E

fEHETE., "V ATLDIHRICHESNT~ERICIZIEIRD ., 5K~
KEIO SFC Journal Vol. 18, No. 1, 2018
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AV—=bFoFT 10

ARX—KIIOVETIV

AX—hYFAEFI

:I:%Eﬁ%o)iE{B(ZO] 1-2021)

A=IN—2FT«4ETI

2011 ~ 2014 >> 2015~2019 > > 2020~ >
_ AT—T+
~ .~ 2957w RYY71—335+ S
B—yy1—s3> FEo7YEYIATIEE ) s au
EBUE
ERAKES
RELICTF O DL
* (1@%”%%E+ﬁ§ﬁﬁ) R
“XN—NMNOTHME T +—Z A7
L (T R —— :
ClouT project NICT ¥ —='1+/LBD project \PYEiFtFamALE (1 5E)E) g
. 2 BigClouT project
ff’f” FI-PPP > Horizon2020 _
» Horizon Europe
SF-CPS >

»
| o

f NIST Global City Teams Challenge Expo

SC3( Smart and Secure Cities & Communities =Challenge
+ Smart City Networking )

69
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Z?_ I\ :/7_-4 ‘:I%?%Eﬁ%ﬁﬁ% (2013 - 2018)

NICT ClouT(2013-2015)

- AV— b T EBHEHE N
OEEN EHETSCloud B °
of ThingsE&Eii

- L/ B TORIERE

- NTT®H=., Panasonic,

E i FmEA. SFC.
B b#ds L UFAZ

B4 GEMEI7Tr(2014)

- LYY I b T o iRERREE SR
ey i L BE - MEDMEE. FEME
JEERER

- HELEEDITE GRS,

R, FoiEh.
| |E7., BEEBAE,
NTTsRE=®

XHEE EvJT—5FEMA(2014-2017)

- RSy ST HERAOLESOT—9
& - BT omRR R

- SmartCityAppsic ks v /57— 4—7
VT —5 DERN DR

- REAS, WEAE
sk, B@ESFC

NICT BigClouT(2016-2018)

 HSYRETY YRS VAR HA LT
S HFA. RIFEROFIESR

. NTTRE.
T R,
YRP-10T,
FA,
R A

o M

Enablers for Smart Cities

. =
ot Cmr T |

B iy F0

NICT V—<+JLBigData(2014-2017)

AT AV— T ERRATEY Uy
- EvF—45ER - BEad

- EREEYYVS -

- UFPILT A LIRAR -

A TFRIRITAY

- SFC, aKE.

RE BT

NT TR

Enablers for
Smart Cities

Edited by Amal El Fallah Seghrouchni
Fuyuki Ishikawa, Laurent Hérault
and Hideyuki Tokuda

WILEY

Ed. by A.E.F. Seghrouchni, F. Ishikawa, L. Herault and H. Tokuda
ISTE Ltd. and John Wiley & Sons, 2016
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Sensor over XMPP (SoX) 0k )L (Pub-Sub% 1 ) Ic &3

HH—HIAPI
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= : Virtual Sensor Nodes
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e~
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Sensor Data Stream

laT Sensor a
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WebISNS Sensor

Subscribe
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Publish WEB Sensor
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m HOT-SPA model (HOT: Here or There, SPA: Sensing-Processing-Actuation)
B |oT: E/ DXy k7T7—7 (Internet of (connected) Things)
B CPS: flfllcNn3E/DIAT L. YATLDY AT A (Internet of (controlled) Things)
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NICT will continue to contribute to create a better society by ICT
www.nict.go.jp
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