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Tuesday 16:518:35, 2026
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Hiroshi Esaki ( )
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How our class goes ?

1. In April 7, 14, 21, 28) : Presentation by Esaki
V Your guestion or opinion should be submitted viad0I2S
2. Presentation by students from Mayl2, 2024
V About 20 min. (plus Q&A 10 min.) per person
V Checkattendees at every class usingC -LMS/UTOL .

V Pick some topic related with the Internet (technology, business, policy,

governancg. How the topic is related with the Internet should be
discussed in the presentation.

3. Reports

. Minireportat April 7t via ITC-LMS (April 14, 7:00AM)
i. Topic, that you presented in the class



https://itc-lms.ecc.u-tokyo.ac.jp/
https://itc-lms.ecc.u-tokyo.ac.jp/
https://itc-lms.ecc.u-tokyo.ac.jp/

Mini-Reporton April 7, 2024
submit via ITGLMS
(deadline; April 14, 7:00AM)

1. Your opinion on th&uval NoahHarari s contribution to
TIME on March 15, 2020, while considering about the roles
and architecture of the Internet

2. Your opinion on the presentation Byof.Lawrenced_essig at
OSCON2002.

(*) When you want to submit by file(s), please send file(s)
via email, hiroshi@wide.jp



Objects of this class

A Think about

I Where the Internet goes ?

I What are the contributions by digital ?

I What Is the architectural essences of the interne
I Future/new technologies for the Internet ?
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Impactof COVID-19



Impactof COVID-19

1. Thelnternethasbeen working !
C Why the Internet had worked ? Architecture

2. All of social and industrial activities on the earth will be
mutated/changed o war d t he system

l.e., onlinefirst, cyber-first and Internet -first.
V Only the organizations, that can transform, can survive.



i (1) Facebook X | WP The Internet, designed to survive X | [ [FEIVAZRIOITAN T\ X ‘ +
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Democracy Dies in Darkness

Your Internet is working. Thank these Cold

A
“ War-era pioneers who designed it to handle
th

~  almost anything

2 Coronavirus may have forced people to stay at home, but the Internet these scientists envisioned long ago is
keeping the world connected

By Craig Timberg

debilitating.”
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download traffic

upload traffic
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3f2-8
- 3f9-15

2(17-23

2(24-3/1

32-8
— 3/9-15
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Where the Internet goes ?

COVID-19 has accelerate Qs
and shall continue to e
accelerate the mutation of s

bbbbbbbbbbbbbbbbbbbbbb
ERRBLLEFMPEEEMLDOICHMETIRED,

CyberFirst, CodeFirst, and
Online-First.




Impactof COVID-19

3. Soclal governance

Also, by Ukraine war
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engadget Lo

Products Reviews Gaming Gear Entertainment Tomorrow Deals Buying Guides Video Podcasts

ICANN says it won't kick Russia off the internet

Ukraine had petitioned the non-profit in response to the invasion.

Sponsored Links

Webcast: Safeguarding our Digit
World

Siemens

A. Tarantola
@terrortola
March 3rd, 2022

Get Fast Internet at a Price You'l
Love

Spectrum

The cost of each T
is $148,279

ELD Mandate - 3,000

B f v

In this article: DNS, news,
gear, ICANN, IP address,
internet, Andrii Nabok,
ukraine, russia

Dado Ruvic / reuters

Even as governments and corporations around the globe squeeze the Russian
economy through increasingly stringent financial sanctions for the country's
invasion of its neighbor, Ukraine, some within the aggrieved nation have
sought to punish Russia further, by kicking it off the internet entirely.

99547, ICANNICO> 7DD T T YA MEDNSOIEGREREES



Today 0Repavti
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A Eng.,
V https://time.com/5803225/yuvalbakharartcoronavirushumanityleadership/
V http://hiroshil.hongo.wide.ad.jp/hiroshi/lectureAST

internet/TIME Harari March2020.pdf

A Jpn,
V http://web.kawade.co.jp/bungei/3455/
V http://hiroshil.hongo.wide.ad.jp/hiroshi/lecture/AST

internet/TIME Harari March2020 JPN.pdf
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History of Humanrbeing

(Guns, Germs, and Stel®y) Jared Diamond

3 (The Third Wave) by Alvin Toff er

1. Livestock, Agriculture
Change Hunting C Cultivation, Rearing

. ~ . Physical
2. Logistics, Factoryb yRé&nai s s an Th%nlgs }
Change: Confident, Inherit C Sharing, Create
3. Internet, Computer, Information AV4
Change: Nation, physical object Code J

C Global & Code (Program/Rule)
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What iIs the role of the Internet ?

A Internet in 26 Century
i hlférEveryone0 Connecti ng fAhuma

A Internet in 23 Century On-going
I Internetof Things (i.e., loT) Naround us:
AConnecting At hg nupda‘
i Internet ofFunctions(i.e.,loF) ® ¢
AConnecting fifunctions?o




3'd wave of the Internet
A 1stwave Web  P2P SERSH ASuany

" NA
V1
| o
u n
I l I I I l I I I l Welcome to NC!

C O e Ct I g & O | I e NCSA Mosaic was developed
University of Ifinois in Urbana-

Board of Trustees of the U

|| —
NCSA |  Mosaic | PhotoCD | Metasearch |

A 2"d wave Searchengineé CS
YaHOO! Gooole

A 39 wave loT with Cloud Al
CSC P2P




uwiteer S0 0 |p for Everyo

ne

NICO NICo DOUGA

Ed vodd
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I OT (Internet of Things)

IP for Everythlng




A Past PhysicalFirst

I Digital Technologywas supporterto improve efficiency

ANow Digital Copyin Cyber

I CPS Cyber PhysicalSystem
I Emulation/Simulation of PhysicalSpace

21



2' Before Cyber -First
aka. 0 P RFyi srisc

2. Simulation
b, T

1. Digital
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A Past PhysicalFirst

I Digital Technologyw; SDI
ANow Digital Software Defined
i CPS Cyber Phyg (code-based)

Infrastructure

I Emulation/Simule

A Future Cyber Fir;

I Programing( ) iIn Cyber Space
I Print-out ( / ) to Physical Space

23



0 Cy b-er 1. Digital -Native Design
' in Cloud DC

4. Digital

24



Simulator Real World

‘_,.

by

~t“

ot 1 =

Source Prof./Dr ShinpeiKato ( ), TierlV Founder/CIO v IS_ICI%A%J\(/%\TOR £



Further change

Digital-by-Design is goingtah U n wi-inge
.
. ANativeo digital from NBoguso digital

26



1. N dibigaltfrom Y B @ g digital
1. Analogue Native media ABogusoKd

A fibinmapo dat a The B'Wave
A Ex. CD/DVDBIuRay, MP3/4,4 k—+— ’
C il e x p e rcententseoalled @ r |

ntent s

2. Digital Native media

A fiobjoedtent ed o\ _
A Ex., text, MIDI, VRML, Gamg| N Nat | v e d

i ¢ h ecanpents ! The 29 Wave
D.l.Y (Do It Yourself),e.g.,SDM(Software Defined Me

C
C


file:///C:/Home/wide/SDM/SDM_DJI_0008.mp4

Think aboutmoney/ currenc

E Currency represents value bydigital number, i.e.,abstraction

eUsedbecur r ency h a sby Gald&iver/Bronzea [ i
v total amount of currency is far less than CF in the marker """

£ Once upon a timefi§ic- "8 currency becomeseal digital. 3\

E Currency without doodle @ vS. infinite doodling on cyber cash

I}OOD T ——— -
e b eacl e
=y & 5 — Yo)
‘4‘ Té‘gmd 00NC J)JJ

E In old days, transaction data does not have value .
Now : Transaction data delivers new valué!!!
C How you use money?

1. BS, PL, CF Credit information
2. Where you inves? Purchase 28




IOOOO ; C.[{)O

}E\FH (—\
*_‘

Numberis printed out

NBoguso(Kd

/ P The F'Wave
' Dt ent s

| V € d

The 29 \Wave

,e.9.,SDM(Software Defined Me

Numberis invisible an
can doodle their
meanings/semantics !!



file:///C:/Home/wide/SDM/SDM_DJI_0008.mp4

Further change

Digital-by-Design is goingtai Un wi-inge
.

lil. Internet of AFunctionso (IoF), from loT

30



Computer getting smart and small

1960s| 1970s| 1980s| 1990s| 2000s| 2010s
MF | OC | WS | PC | Note | Smart
Phone
CPU
wipsy| 01 | 1 10 | 100 | 1k | 10k
Memory 1k
(GB) | 0.01| g1 | 1 | 10 | 100 | (T)
Weight 10 1
(Kg) 10k | 1k 100 0.1
Mobility | 10™° | 1g%2 | 10° | 10° | 10° 1
Mobility MIPS x GB/g

improved 10° per decade




Computer getting smart and small

1960s| 1970s| 1980s| 1990s| 2000s| 2010s| 2020s
MF | oc | ws | PC | Note | SMart| Stamp 7
Phone
CPU
VIPS) 0.1 1 10 | 100 K 10k | 100k
Memory I N 1k 10k
(GB) | 0.01| g \T) (10T)
Weight /
(Eg) 10k 1K 100 o / 0.1 0.01
Mobility | 10%° | 1512 | 10° | 10° | 10% | 1 10°
Mobility MIPS x GB/g

improved 10° per decade




i\

10k 1

improved 10° per decade

V\(/Eig)ht 66 10 / 0.1 0.01
Mobility | 10%° | 1512 | 10° | 10° | 10% | 1 10°
Mobility MIPS x GB/g




Now, In 2024
cloud architecture In théack-end
at Data Center
IS expanding
Into loT spacen f oogive dlypea v
computing, In théront -end



Thi S meansee.

Internet of Things (lo T)
Physi€aist with Digital Twin

&

Internet of  Functions  (lo F)
Cybeéirst with Digital Twin,




Case study: smart key



\//

i K e y has
yeas history

Since key was =physic
we start to recognize a lot of
Inconvenience for sharing

econom
% y




a A A

1,263

/



What you must do is only attaching =
Your smart -phone ber

. e Physical key Key as function=code
‘l’_V'th aw?sorrt\_e 2 1 Insertkey l.begin & authenticate
€gacy functions a. Open a.opene.g.turn right)

Close b.closdeg,turn T2

| novekey 2.end
Important point;

Andigital o key
Infinite doodling capabllity
for new value !!!

Physical key is an obstacle
for digital innovation !!!

N\
SMAT\- -



Wel | , @B at weodove reali zed 1| s

E Physical Key and money(currency) are just of temporal
appearance , as a physical instance, when we do realize
Cyber -First .

1. Software module, with micro -service, has mobility with
virtualization(= abstraction = digitization)
2. Some functions(=code) are printed out to physical object,

calledas ot h i nfrgnd gyber space.

Then,

Internet of Things (o T)
C Internetof Functions (loF),_




ObservdoT, from the view point otoding

Old connect things via cyber space

New put/write functions(= code),
IN things so as to execute the codes

AEmLEE?

C Unbundling ofFunction and Thing

Functions( ) Geneg( )
Things( ) Survival machines/vehicles( )

41




(The SeflishGene)
by Clinton Richard Dawkins 1976

ATGC (=Character)

o To T Do Do

<mimine>

FICHBEET



Informatization invented by humareing

. Language( ) information sharing
. Character ( ) store information
. Money ( ) intermediator among things &human

. Digital transmission media independency
. Program (code) nSoft ware Define




Informatization invented bv hiim#aweinag

Essene of Softwareefined,;
Unbundling of logical functions (=software/code)
from physical things(=hardware)
This means;
1. Functions can be upgraded and added.
2. Break the spell of hardware, free to move arou
3. Store every transactions and logs

7 /iyt LA 1ioi1iiooivl i HEATAY IS _ .|v)’

8. Program(code) nSoft ware Defil ne




Wel | , &. .
When you think about keys and
currency by Cyber/Digital First,
the current physical instance Is
just a temporary appearance.
This Is unbundl Ing.

45



You can select an available

, physical object, whichever you
We | | , € . want, from alternatives.

When you thirki S A i
currency by GRS
the current(;h‘c

just a temdGrary appearance.
This I1s unbundl ing.

46



Let 0s t hi nk
Impact of Digital
to infrastructure



Great revolution in logistics

Before 19" century ZOZOS:CybeFFlrstShngEconomy

= exclusivelogistics
——

0y

\ 4 e
LT
= YA

.

Middle of 20" century " N
(1) PhysicalSharingEconomy >[3D orinter 1<

Late 20" century
(2) Sharingeconomy
in Cyber space

Digital parcel
(=IP Packet)

Containe
Palette
(1956)




\— _

Media Independency

1. Carrier & Carried object
C Un-bundling , Mobility & | nteroperability
2. End-to-End
a. Simple and shared/common infrastructure
C TowardSharingEconomy
b. Buffer-less (inventory houskess)
C Goal of Industry 4.0
3. Physical Is a exit point of Cybetspace
a. Digital Native CyberFirs) C Di f f er e n't
b. Software DefinedC A Agi | i t yo
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1860

1863

8,000

(GAFA+M, BAT)

8,000

LT & S
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14 o # %
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Grea ) O|Uutio

ZObject transfer/mobility cost poharingeconomy
Y@ over sharing platform !!
1. Physical object

»
2. Digital

object

Cost of object transfer/mobility
Physical Digital
»
Contain€ Huge ER Energy Productivity) N

Palette Improvement !!!
LR | A




LUBf U:

ergy Productivity

M aterial E lectricity Digital bits

(P ower) (digital F unction)

x0000 : x00 : 1



Aslan SupePower

/ /? =
/o

Qrid Plar

¥
“

i X
2

— 0\. / " Y
4 —& X
(/{ BE
N ~
i
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Asian SupePower Grid Plan
Gas,PV,WIin(irr-eosy

P Ly b 1)
‘o'
Nt

__';:ﬁﬁ QQQQ
~_ w/HDVC
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LUBf U:

ergy Productivity

M aterial E lectricity Digital bits

(P ower) (digital F unction)

x0000 : x00 : 1



Electric Power Cable

10

b

¢

(B

(&

93
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Communication Cable (Optical)
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= B .

Before
;3 E LoL8 . ‘
Germany errzlgzn Icelsaogd Swgeo(«ien
v, 70 /0
«flq?o?c . I.—Te,L I?Iad of I Load IIT qed.
5 MW 1MW __2.5MW 1.5 M )
200/;1—0 1 sSmall latenc D Allowing large latency
200/72—0 & &
Critical data Non-Critical data
at {dark-side}DC at cheap and greebC




Transfer DCsto energy clean sites (Iceland & Sweden)
V 1000 Renewal Energy (Hydro & GeothermalH

1. Gentle & contribute to Earth
V by use of renewal energy ( RE100)
V by use of cool air ( ER 100)

2. Cost“ & Productivity (EP-x000)
Replacing power cable ( copper)

to ¥

tele - communication cable ( glass)



European Data Gateway Platforms
North Sea & Arctic opportunities






Strengthening Japanese - Finnish partnership
In high - performance computing May 18, 2022

On May 11, a Memorandum of CooperationMloC) was signed by the RIKEN Center for Computational Science
and the CSCz Center for Science Information Technology, a Finnish center of expertise in information
technology, to strengthen collaboration in the area of highperformance computing, making use of two world
leading supercomputerg the Fugakusupercomputer managed by RIKEN and LUMI, Europe's most efficient-pre
exascale supercomputer, which is hosted by CSC. The goal is to promote international cuttiedge research by
enabling Finnish and Japanese researchers to utilize ever more effic’'~~*

computational tools for their collaborative efforts.

The agreement was signed in Tokyo by Kimmo Koski, Managing
Director of CSC and Satoshi Matsuoka, Director of RIKENIES.
From the two respective governments, words of support were
given by Ville Skinnarj Finnish Minister for Development
Cooperation and Foreign Trade, and Hideyuki Tanaka, Viddinister
Ea gcx 8 ~0 KA ¢éG ExaAEgGU a
two machines are architecturally very different while providing simila L
computing capabilities, comparisons of the platforms as well as -
development of software that can run across the machines efficiently
jéeon eANx gc¢cx (AL aeE GeaAeael AAg AOWKAATI xG ¢4 g x



https://www.riken.jp/en/news_pubs/news/2022/20220518_1/index.html
https://www.riken.jp/en/news_pubs/news/2022/20220518_1/index.html

Memorandum of Cooperation, May 12, 2022.

EU Japan digital partnership on submarine cables for secure,

resilient and sustainable global connectivity between the
Ministry of Internal Affairs and Communications of Japan and the
European Commission on behalf of the European Union

Olwxra

M Ministry of Internal Affairs
I C and Communications

Thierry BRETON

Commissioner for Internal Market
European Commission

on behalf of the European Union

MATSUMOTO Takeaki
Minister for Internal Affairs and
Communications of Japan

https://www.soumu.go.jp/menu_newsisws/01tsushin08_02000155.html
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Electrical Power shortage in spring and wintejapan
A

Jan. to July in 2022 ‘
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Electrical Power shortage in spring and wintejapan
A

Jan. to July in 2022

0 10 20 30 40 50

k.4
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Data Center in rural area can help !!!

DC RE Micro-Grid

Surplus
DC@rural=p Computation
We needvery expensive l We transfer We transfer

ower transmission i
P computational valuable results

mfrastructure demands

[Demands: Electric Computation

]

]

ﬁ"* : m

s |
r” Surplus* bc@rural ™  Computation
RE

DC RE Micro-Grid

Wi X hbDgbt T~ HT Al ~ it e
~Oe TAZD (2022 9 28 )
SPb: BZZB: LM« U8t U: 2z &£T
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Cyber/digital-First isc o mi n g é .
But , é.

Thereodore some rul es
broken down by us



V4

Cyber/digital-Firstisc o mi ng é . . But , e.
Thereodore some rul es, whi

C
)

1. Signal is fast, butslower than light !!
C We neededgeheavy computing since we are on the
earth with unavoidable {not small} latency

2. Computers must eat {hugejenergy....
(a) Strategic cooperation with energy infrastructure
(b) High energy and heat density
(c) White-box implementation

3. We needhi | | to koonect to each other

b4

C policy and regulation




FA:2:ROBOTz2 ROBOMACHINE

FANUC

Nrefe rred
etworks

S

New Requirements
V Latency {by M2M/P2P}
V Privacy & Security

V Resiliencyagainst disconnect}
V Massive (1oT)

Beyond

Industry 4.0

0" Ansnpuj

0" Ansnpu

puoAag




Challengesin Edge-Computing Platform
1. Event Driven End-to-End Architecture
V P2P, such as puisub, without storage(e.g., DB) for scalability
V Stateless system operation, e.g., ptdub
2. Scalability
V Efficient program development environment/platform
V System monitoring
V Cyber security
3. Platform-Free (Interoperability, Mobility, Transparency)
V We mustavoid locking-on to particular platform
VWe want to connect/ accommod



Some risks of B wave Internet



Risks of 39 wave Internet

1. 0 Fr ag me n t i tha lmtennét by 10T
V. They | ove to devel op

2. 0 Tr u,sucloas Cyber Security
V loT without security by own {private} silo
C Needd Se c u-byi-Deysi gn
3. Cloud platform

V ACl osedo open source
CNeedO | Nt eroper a

O

f

0




Risks oflOT (Internet of Thingspystems;
oTpeopl e | oves nowhn

1) Notii t h €Intdrnet),
butin aio (internet), i.e., closed

2) Poor security m
Never be connected to the net !!!

3) Closed open source cloud forums

Lack of nteroperabi75l



loT(Internet of Things) people may tendstap or toignore the
Implementation oénoughsecurity measure for thdoT System.

Of course, | share that the implementation of cyber security function
their system isarge overheadfor time and formoney.

However, we will andghall go to theglobally interconnected large scalg
ecosystem rather thansolated small scale silecosystem for each

Industry segments.

Therefore,théd Co | | a b or at isariteal asdemandatory t
from the beginning oo T development, which is theew stageof our
global digital economy.

And, we must encourage and try to use the common technologies,
assuming that all the sectors shalirter-connectedto the global uniqu
digital platform




Big enemy/hurdle for the Unbundling
business of BigData and = Online
Artificial Intelligence

Ve st

Vertical integratiorelasIOT Zontal integration
(closed system) (co-operative platform)77




Big enemy/hurdle for the Unbundling

business of Bigdata and - Online
Artificial Intelligence

Challenge of corporate governance
for corporate value and BCP, a
auditor or external board member

ST IWANCESITES X

is mandatory *° ‘ ()

- - -

Vertical integratio Izontal _integration
(closed system) (co-operative platform)78




Report by GAO

(United States Government Accountability Office)
A http://www.gao.gov/assets/670/667512.pdf

United States Government Accountability Office

C;A@ Report to Congressional Requesters

. FEDERAL FACILITY
CYBERSECURITY

DHS and GSA Should
Address Cyber Risk to
Building and Access
Control Systems

(*) DHS: Department of Homelan8ecurity



Procurement process asuiuctuteof
US Federal Government

E GAOQO (Government Accountin@ffice, )
¥4 OMB(Office of Management and Budget )
E GSA (GeneralServices Administration, )
i Specification and auditing of procurement processes a
documents
E NIST (Instituteof Standards and Technology, )

i Specification of technologies



Practical US government acts

1. Cyber security is mandatory requirement in
procurement as national security

(*) Ex. Smart Grid Interoperability Panel

C Every technology must be approved by cyber
security WG

2. Entering cloud infrastructure

U Outsourcing of risk management of cyber security
of IT/ICT platform



FedRAMPfrom FISMA

A FederalRisk andAuthorizationM anagemen®rogram
'

. « Office of Management and
I Budget Policy

« ISIM{ Guidance
Gttt « Cross Agency Coordination

FISMA Federal Information Security
Modernization Act.(2002 12 ) FedRAMPPMO | £
V NIST FISMA

« FISMA Standards
« Technical Advisors
« Technical Specifications

DHS
US—CERT Joint Authorization

Board (JAB)

« US-CERT Incident Coordination




Digital Transformation
of Industrial Structure



Supply Chain _
C Demand Chain

Digital Transformation®
from PUSH to 6 PUL L ¢

we need 0 D €5iloing O
‘O

Customer Lockon
C Open Platform

SO




Long-Tail Businesss a PULL structure

Breakeven point

N i fon )
GEJ 20% Profit
S| A 80%: Loss
N I
>
Ol/
Cost/head
, Breakeven point I?reakeven point
ol | I
1 %
409) i Small number of customers I
- . I
O X large profit rate L1

Cost/head 85



Long-Tail Businesss a PULL structure
o Bresyioveagaging 1. Digital Startups

Digital Marketing model (trigger was
& publishmenk

keve

71

Mmber of customers :
) i
X large profit rate L1

Customers

Cost/head s



Vy

Retargeting
Visit web @@, °

Noticed dig-ad -

Community

Email~"Reviews |\

!
Research 3 PUFCHasE 3 Retention

N Phvsical
Traditional channels:

TV, PR, Radio, WoM,DM Space

Cyber space is majority and
Interface (read/write) with physical space



Cost Reduction of Construction cost by the Reducing amount of Inventory

orerofcient INVENtOry house for 50 M goods

@ ',"’4""/
G |

—> W

\/ E}Eﬁ 0% /

Z30M & goods in inventory house with SupgBhainusing ICT

IT
30 40%
/@
- W
BHTH / N

SourcePlantecAssoclates ss



Cost Reduction of Construction cost by the Reducing amount of Inventory

Order of client |nvent0ryQO fOF 50 I\kmp gOOdS

FEE  50£

This iIs a goal of
Industry4.0

v

Z30M & goods in inventory house with SupgBhainusing ICT

SourcePlantecAssoclates 89



Dev-Ops by GAFA+M/BAT
leads to Deman&hain

Qk% Demand
- chain

Pressure f

RNy <N

Value ex:change P rESS U re




Dev-Ops by GAFA+M/BAT
0 Deman@hain

Qﬁ‘ Demand
N chain

Pressure
Vendor defined g

Pressure




Some thoughts oA.I.
In 2020



Wide variety of business

. Why banks use mainframe computer ?
V No calculation error !!! By IBMCPU(POWER)

Il. GoogleFaceBookvs, Amazon/Yahoo!
V A/Y; No error because of OnlirR8hopping
(*) However, it is far relaxed than banks
V G/ F,; None could criticize t

(*) Now, how about the date for decision making in

professional organizations ?
93



Wide variety of business

Therearecalculations
(1) any bit error can not be allowed, and
(2) some bit errors can be allowed !!!

However,

Especiallydecision makindor high profit
rate or high risk business may newsdy
few significant figuresbut large amount of
datato deliver the figures.




| Intelligence

directions by itself!!

Two t{ Computer delivers
AfAduv—w—o-o

i Language context analysg® Computing |
I Discover/deliver algorithr =4 capacity changes|
. paradigm !!
y,
AARChil dr enol ~

{computing power}
: {amount of data}
IS competivenesy!

I DeeplLearning
| Pattern matching

95






What happenedin Data Center and Servers ?

Implosion(  high density heat & power)

loF , Internet of Function = VM/GPU moves on the net.
Optical technologies(electron C photon )

Growth of demands  (Digital Twin C HW/SW robots & Al)
Massive scale & energy saving

Networking DCs  with fat pipes  (power and com.)

WhiteBox (customization with common tech.s )
V Including modulization and pre - fabric construction

8. Migrate DCs beside Renewal Energy sources
9. Open system (not only IT, but also OT)
10. Hybrid and diverse of DC profiles

NOoO O~ PE



6,000 CFM / 10,200 m*fhr

5,000 CFM Jf B,500 m’fhr

4,000 CFM / 6,800 m'/hr

3,000 CFM / 5,100 ' fhr

2,000 CFM 3,400 m’ fhr

1,000 CFM / 1,700 m’fhr

OCFM f Om’fhr

Rack Aifflow Threshold

ﬂﬁm‘//-
ﬂpﬁmﬂ:ﬂmf Bz oy e

| rommaumication / Tel

50 kW

30 kW

10 kW

ber of transistors on microchips doubles every two years
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Cooling Capacity Thermal Conductivity Transport Energy

0 Water Water

1 requires

H,0 25X 10X less

has
1000X Better Ene.rgy

_ more at transfering *
cooling capacity

than ﬂi r Heat to move Heat

- & &

https://www.supermicro.com/ja/solutions/liquid-cooling &Y 5|




New challenges

1. WUE(Water Usage Effectiveness)

2. Storage: Semiconductor, Disk, Tape
C Optical, Quantum
3. Computation:

i. GPU for Al: Dense matrix C Sparse matrix
(image/video bitmap) (semantic data, e.g.,,LLM )

Ii.  Quantum as accelerator
4. Embodied carbon (Scope 3 supply chain)



Jeep Learning

achine Learning
2000s

S

Source SambaNova



https://sambanova.ai/

Latest Al calculation Is of Data -Flow

nclude <io
g namespace std
Siint _tmain (int argc, _TCHAR® argv[])
{
1. alz 1.
printf("Enter three numbers:™)

ers:");
seanf("%d %d %d", &ivall, &ivVal2, &ival3);

if (ivall >= ival?)
{
if(ivall >= ival3)
printf(“Largest number = %.2d", iVall);
else

printf(“Largest number = %.2d", ival3);
}
else
{
if(ivalz >= ival3)
printf(“Largest number
1se

&
i

e

4

ivala);

&
i

e

4

s
printf(“Largest number ivals);

}

getchar ();
return 8;

es [

Software 1.0

A
A

Algorithm is written by code (e.g., C++, ...)
Programmer, called as domain expert

needs domain specific  experty , knowledge
and experiences

Al is Data Flowp Software2.0 P
A Data, not code, delivers and trains model.
A Deep Neural Networks

A Weight of works define/deliver parameters gS"

Source SambaNova



https://sambanova.ai/

Semiconductors for Al

Recent Al computing, such as LLM, requires
sparse matrix computation and huge electric
power by CPU and GPU

A Big gap between processors and memories,
Is exponentially growing
i Hierarchal memory structure conceals data
transmission latency
i Depending on cache hit ratio/character
i Optimized for Dense GEMM
I Poor performance for Sparce GEMM

A Data transmission and copying computation
consumes far larger electric power than
data calculation/processing data does.
i Performance of computation depends on how
close the data stored so  sa to let short/small

for data transmission from memory/storage
location to ALU location.

Most of {start up} companies propose legacy
semiconductor design for  {dense matrix
computing based} Al solution.

processing

100,000

10,000

1,000

e
Processor I
Processor-Memory
/ Performance Gap
Memory
1985 1990 1995 2000 2005 2010
Year
64-bit DP DRAM
20pJ Rd/Wr
256-bit Efficient
buses off-chip

256-bit access
8 kB SRAM

link

Figure: Computation cost is significantly lower than
communication cost in 28nm NVIDIA chips

(Source: Bill Dally)

Source SambaNova



https://sambanova.ai/

Innovation of data -flow data processing architecture

Flow of data and processing is defined by locality and parallelism

CONVOLUTION GRAPH

External memory access can be minimized, to
eliminate the need of highspeed memory
Y we can have larger capacity for memory
Calculation is triggered only by data migration
Y good for sparce matrix

Source SambaNova


https://sambanova.ai/

What happenedin Data Center and Servers

C Energy productivity of Software(code)
(*) challenging with USP Mongolia

A Bad code
q A lot of vv_a_s_ted operations Reduction of
R Less flexibility :

A Good code . Operational Power
q Small wasted operation Total System Resource,
R Good flexibility i.e., embodied carbon

Hybrid and diverse of DC profiles



Al; New & Interesting & scary phenomenon

V Expert s ( 3"=nfadut"bh pemon) are bound by "wisdom"
and "knowledge" based on the accumulatiothefr past experience

V Computers may be a "children", so they come up with itteds'adults”
can't think of (without restrictions).

V However, because it follows the taught / given data, it makes a
straightforward antiased judgment due to the biased data

V In addition, recent computers have become able to "evaluate" this
"adult" by simulating'ideas that cannot be thought af"cyberspace.

V Itis becoming possible to actually develop ideas that seem to wotk
seemed unlikely to work for "adulfs"




Railway,Road vs Air/Sea Port vs Mn/aN
(train) (vehicle) (airplane) (ship) (drone)

Optical fiber vs Cellular radio  vs Satellite/ WiFi

Synchronous vs Local grid vs Mobile
(Japan) (USA/EU)

Financial cost .
Warming gas emission .

EV P i | .
( Sur?:éeer grid) fiixed} Point {mobile} PoInt

Installation, maintenance, and modification costs

Global warming gas emission



Energy x Digital

EV as new component

1. Battery
2. Computation

Operatingrate

A Private
A Commerciat

3. M obility



400V & 12V DC System

100 KW in Peak

30 KW for continuous
7

30 Houses
by 50cm x 50 cm x 50cm

Q Tani Green Energy research
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300 500MW

1.0 1.5GW HONDA FCV
30kW( ")
el 100 kW ( )
- ‘ 750MW‘

30KWh /
35 (Worl Wlde)
75,000 ( ) S5y

(*) as of Sept. 2016
13.5KWh
10 MW TJdT70NA4 AN A




High capacity
mobile battery
packages



