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How our class goes ?

1. In April 7, 14, 21, 28) : Presentation by Esaki
v Your question or opinion should be submitted via ITC-LMS
2. Presentation by students from May 12, 2024
v About 20 min. (plus Q&A 10 min.) per person
v Check attendees at every class using ITC-LMS/UTOL.

v Pick some topic related with the Internet (technology, business, policy,
governance). How the topic is related with the Internet should be
discussed in the presentation.

3. Reports
i.  Mini report at April 7% via ITC-LMS (April 14, 7:00AM)
i1.  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-Report on April 7, 2024
submit via ITC-LMS
(deadline; April 14, 7:00AM)

1. Your opinion on the Yuval Noah Harari ‘s contribution to
TIME on March 15, 2020, while considering about the roles
and architecture of the Internet.

2.  Your opinion on the presentation by Prof.Lawrence Lessig at
OSCON2002.

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



Objects of this class

 Think about

— Where the Internet goes ?
— What are the contributions by digital ?

— What 1s the architectural essences of the internet ?

— Future/new technologies for the Internet ?
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Impact of COVID-19



Impact of COVID-19

1. The Internet has been working !
= Why the Internet had worked ? Architecture

2. All of social and industrial activities on the earth will be
mutated/changed toward the system premising “online”,
i.e., online-first, cyber-first and Internet-first.

v" Only the organizations, that can transform, can survive.
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2 Coronavirus may have forced people to stay at home, but the Internet these scientists envisioned long ago is
keeping the world connected
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download traffic

upload traffic
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Where the Internet goes ?

COVID-19 has accelerated iy
and shall continue to e
accelerate the mutation of

mmmmmmmmmmmmmmmmmmmmm
ERRBLLEFMPEEEMLDOICHMETIRED,

Cyber-First, Code-First, and
Online-First.




Impact of COVID-19

3. Social governance

Also, by Ukraine war

13



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



A— Today’s Mini-Report
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v" https://time.com/5803225/yuval-noah-harari-coronavirus-humanity-leadership/
v" http://hiroshil.hongo.wide.ad.jp/hiroshi/lecture/IST-
internet/TIME_Harari_March2020.pdf

 Jpn.,
v" http://web.kawade.co.ip/bungei/3455/

v" http://hiroshil.hongo.wide.ad.jp/hiroshi/lecture/IST-
internet/TIME _Harari_March2020 JPN.pdf
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History of Human-being

[6%- R IR & 8k ] (Guns, Germs, and Steel)by Jared Diamond
[EE30 ;81 (The Third Wave) by Alvin Toffler

1. Livestock, Agriculture
Change: Hunting =» Cultivation, Rearing

Physical

a3 14 3 b

2. Logistics, Factory by “Renaissance Things }
Change: Confident, Inherit =» Sharing, Create

3. Internet, Computer, Information

Change: Nation, physical object
= Global & Code (Program/Rule)




What 1s the role of the Internet ?

* Internet in 20™ Century

— “IP for Everyone” : Connecting “human

 Internet in 215" Century On-gging'
— Internet of Things (1.e., IoT) dround us -

e Connecting “things” and “humegl”‘

“update”

— Internet of Functions (i.e., IoF) ®
* Connecting “functions” in things and human



3rd wave of the Internet
m 1 wave: Web =--P2P pEESE ey
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for Everyone

’E IP
WLE

r

twitte

You

19



IOT (Internet of Things)
IP for Everythlng




 Past: Physical First

— Digital Technology was supporter to improve efficiency

« Now: Digital Copy in Cyber
— CPS: Cyber Physical System
— Emulation/Simulation of Physical Space

21



Before Cyber-First “COPY-First”,
aka., “Physical-First” “Code-Second”

1. Digital
Copy!

SI7ENET-H S->21b—-33>
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 Past: Physical First
— Digital Technology w,

SDI;
- Now: Digital Software Defined
— CPS: Cyber Phy (code-based)
— Emulation/Simuls: Infrastructure

« Future: Cyber Fi
— Programing(8%&t) in Cyber Space
— Print-out (E1ffll/5€%% ) to Physical Space
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1. Digital-Native Design

in Cloud DC “CODE-FiI’St”,
“Copy-Second”

4. Digital

ﬁ*ﬁ")EJb—:/EIJ
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Simulator Real World
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Further changes by “digital”
Digital-by-Design is going to “Unwire”-ing

1.

il. “Native” digital from “Bogus” digital

26



1. “Native” digital from us’”’ digital _

1. Analogue Native media “Bogus” digital
* “bit-map” data The 15t Wave
 Ex. CD/DVD/BluRay, MP3/4, 4Kroxse

=> “expensive” contents, called as “rich” c[™ ents...

2. Digital Native media

* “object-oriented” data
. Ex., text, MIDI, VRML, Game,/| “Native” digital
= “cheap” contents !!!!!! The 2" Wave

= D.1.Y (DO It YOUI‘SGlf), e.g., SDM(Software Defined Med



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

Think about money/currency.....

¢Currency represents value by digital number, i.e., abstraction v )

¢Used be, currency has “real” value, by Gold/Silver/Bronze

¢Currency without doodle @ vs. infinite doodling on cyber cash

—— % S - o w{
& e )
ERR G =) PEry

‘.-. & Cord 90
¢1In old days, transaction data does not have value....

Now : Transaction data delivers new value !!!!

=» How you use money ? T

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




IOOOO ;C.[fo

IElEFq (—\
*—.

us” digital
H

PR

“Bogus” digital
The 15t Wave

ich” c nts...

Number 1s printed out
by “bit-map”

“Native” digital
The 27d Wave

, €.2., SDM(Software Defined Medi

Number is invisible and
can doodle their
meanings/semantigs !!



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

Further changes by “digital”
Digital-by-Design is going to “Unwire”-Ing

1.

ili. Internet of “Functions” (10F), from IoT

30



Computer getting smart and small

1960s | 1970s | 1980s | 1990s [ 2000s | 2010s

MF | OC [ WS | PC Note | Smart
Phone

CPU
ompsy| 01 | 1 10 | 100 1k | 10k
Memory 1k

GB) | 001 | o1y | 1 | 10 | 100 | am)

Weight 10Kk 10 {
(Kg) 1k 100 0.1

Mobility| 107° | 192 | 10? | 10° 107 ;

Mobility =MIPS x GB/g
(improved 10° per decade)




Computer getting smart and small

1960s | 1970s | 1980s | 1990s | 2000s | 2010s | 20205
MF | OC | WS | PC | Note | Smart| §eamp 2
Phone
CPU
ovipsy| 01 1 10 | 100 k 10k | 100k
Memory I N 1k 10k
(GB) | 0.01 | ¢ \}T) (10T)
Weight 1 /
(Kg) 10k 1 TOU v / 0.1 0.01
Mobility| 10"° | {912 | 10° | 10 107° 1 10’

Mobility =MIPS x GB/g

(improved 10° per decade)




Memory

Al

(GB) | 0.01

Weight 10k

(Kg) /

Mobility| 10"° | {912 | 10° | 10 107° 1 10’

Mobility =MIPS x GB/g
(improved 10° per decade)




Now, in 2024
cloud architecture 1n the back-end
at Data Center
1s expanding
into IoT space, “ftog” or “edge-heavy”
computing, in the front-end



This means.......

Internet of Things (loT)
Physical First with Digital 7 wi

¢

Internet of Functions (loF)
Cyber Fist with Djpital 7 wi

35



Case study: smart key



\//
. .- Key has 4,000

yeas history
p

Since key was “physical” object,
we start to recognize a lot of
inconvenience for sharing

econom
% y
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[Physical key] [Key as function=code ]
1. Insert key 1. begin & authenticate

a. Open a.open (e.g.turn right)

Legacy functio

Important point;
“digital” key can obtain
infinite doodling capability

for new value !!!
Physical key 1s an obstacle
for digital innovation !!!

N\
SMAT\- |



Well,...... what we’ve realized is;

¢ 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,
called as “thing”, from cyber space.

Then,

Internet of Things (loT)
= Internet of Functions (loF),




Observe 10T, from the view point of coding

[O1d] connect things via cyber space

[New] put/write functions(= code),
in things so as to execute the codes.

|
AEmLEE?

=» Unbundling of Function and Thing
Functions(3 k) == Gene(GE{LF)
Things(E/) == Survival machines/vehicles(4ETFHEHK)
41
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[F 2 B725E 45 F(The Seflish Gene)l wonmer
by Clinton Richard DawKins | =

E I - XF(X ATGC D #%ERIE o (=Character), XE-TAJ S LFLTIILIE
BEFIZELC,
EEEBEFRER)OFELZLIC. BEROER(=IL—IVZTKEIZEETIE
BZH=RET 5,

o RXEBRYEL. EEE-RER)TSL. BiKkEShbd,
FIELE<KTH, BTN, THIRT HulREE N H S,

- BinFE.[BEERZFEE-EERILTLS,

« BERFNEGFOT—ILATREIETDHIZELT, BFONFEEELLTE
ENSEEANERVEDLD ERFRIZ, S—L<mimine>NE—LT—)LINTE

MY BERICIE, EOVERTEMEFEVUSSBEZHENELT, MOSRKHALEE
UHLDTH5,



Informatization invented by human-being

=:z3

. Language(F§H) : information sharing

. Character (3L=F) : store information

. Money (£%) : intermediator among things &human

. Digital transmission : media independency

. Program (code) : “Software Defined”




Informatization invented bv hirman-hbeino

Essene of Software Defined;
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 around
3. Store every transactions and logs

7. Arizilal L1 Aipiiiiddivil .« 111vuie¢cr

8. Program (code) : “Software Defined”




When you think about keys and
currency by Cyber/Digital First,
the current physical instance is
just a temporary appearance.
This is unbundling.
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You can select an available
physical object, whichever you

Weli gesece want, from alternatives.
When you thilg St
currency by G e i
the current p.s S
just a tempﬁrary appearance.

This is unbundling.
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[.et’s think about
impact of Digital
to infrastructure



Great revolution in“logistics”

2020s =Cyber-First Sharing E
Before 19t century § =Lyber-I'rs g conomy

= exclusive logistics A
B = "

AN
» »hp

# | N~

>l 3D printer <

Middle of 20t century
(1) Physical Sharing Economy

Late 20™ century
(2) Sharing Economy
in Cyber space

Digital parcel
(=IP Packet)

Palette
(1956)



””

| 6
k lasdinamnn am lacictinc

[ Media Independency ]

1. Carrier & Carried object
=> Un-bundling , Mobility & Interoperability
2. End-to-End
a. Simple and shared/common infrastructure
=» Toward Sharing Economy
b. Buffer-less (inventory house-less)
=» Goal of Industry 4.0
3. Physical is a exit point of Cyber-space
a. Digital Native (Cyber-First) = Different “rule”
b. Software Defined = “Agility”
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Grea("),'f;]nﬁnn i
Before 19t co 4 bject transfer/mobility cost Sharing Economy
e over sharing platform !!
|. Physical object

"

2. Digital object

"
3. BEENOKIEHIRK!!

Cost of object transfer/mobility?
Physical 3 Digital

»
Huge EP(Energy Productivity) N

Palette improvement !!!




BENCLBELR T RILX —=Energy Productivity
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As1an Super Power Grld Plan
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Asian Super Power Grid Plan
Gas,.PV,Wind IFres EN

AA/

N
i

" “w/HDVC
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BENCLBELR T RILX —=Energy Productivity
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Electric Power Cable

Data
Center

10
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Business case BMW in Germany | W@

Before
{3 ssl X live u-g : :
* Iceland Sweden
Germany s =
v 70 70
Lo . e T Load AT boed
5 MW 1MW __2.5MW 1.5 M )
20021—0 1 Small latenc D Allowing large latency
200/72—0 & &
Critical data Non-Critical data
at {dark-side}DC at cheap and green DC )
~ \




Transfer DCs to energy clean sites (Iceland & Sweden)
v 100% Renewal Energy (Hydro & Geothermal)

|. Gentle & contribute to Earth
v by use of renewal energy (RE-100)
v by use of cool air (EP-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 Cooperation (MoC) was signed by the RIKEN Center for Computational Science
and the CSC — Center for Science Information Technology, a Finnish center of expertise in information
technology, to strengthen collaboration in the area of high-performance computing, making use of two world-
leading supercomputers—the Fugaku supercomputer managed by RIKEN and LUMI, Europe's most efficient pre-
exascale supercomputer, which is hosted by CSC. The goal is to promote international cutting-edge research by
enabling Finnish and Japanese researchers to utilize ever more efficien’

computational tools for their collaborative efforts.

The agreement was signed in Tokyo by Kimmo Koski, Managing
Director of CSC and Satoshi Matsuoka, Director of RIKEN R-CCS.
From the two respective governments, words of support were

given by Ville Skinnari, Finnish Minister for Development
Cooperation and Foreign Trade, and Hideyuki Tanaka, Vice-Minister
of the MEXT. In his remarks, Center Director Matsuoka said, “As the
two machines are architecturally very different while providing similar
computing capabilities, comparisons of the platforms as well as

development of software that can run across the machines efficiently
will pave the way for significant advances of the supercomputing field.”


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

Ol a

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_news/s-news/01tsushin08 02000155.html
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Electrical Power shortage in spring and winter in Japan
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Electrical Power shortage in spring and winter in Japan
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Data Center in rural area can help !!!

Surplus

We need very expensive
power transmission
lnfrastructure

DC RE Micro-Grid

DC@rural » Computation

We transfer We transfer
computational valuable results
demands

[Demands: Electric

Computation

4
¥ .

r’ Su rplus

[EH] Ev bAT47 RERGRUEE 55 HE K
BL4EIM R+ (2022598 28R)
rF—9t>9—niid 2 IL¥—E#k

DC@rural » Computation

DC RE Micro-Grid
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Cyber/digital-First is coming.....
But......
There’re some rules, which can’t be
broken down by us



Cyber/digital-First is coming..... But,.....

There’re some rules, which can’t be broken down

1. Signal is fast, but slower than light !!

=» We need edge-heavy computing, since we are on the
earth with unavoidable {not small} latency

2. Computers must eat {huge} energy....

(a) Strategic cooperation with energy infrastructure
(b) High energy and heat density
(¢) White-box implementation

3. We need “link” to connect to each other
=» policy and regulation




FA:2:ROBOTz2 ROBOMACHINE

FANUC

Preferred
etworks

S

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

v Resiliency{against disconnect}
v'Massive (IoT)

Beyond

Industry 4.

0

0y Ansnpy]

0"t Ansnpuj
puoAag




Challenges in Edge-Computing Platform
1. Event Driven End-to-End Architecture
v P2P, such as pub-sub, without storage(e.g., DB) for scalability

v’ Stateless system operation, e.g., pub-sub
2. Scalability

v' Efficient program development environment/platform
v System monitoring
v" Cyber security

3. Platform-Free (Interoperability, Mobility, Transparency)
v We must avoid locking-on to particular platform
v We want to connect/accommodate “new” modules



Some risks of 3" wave Internet



Risks of 3'4 wave Internet

1. "Fragmentation” of the Internet by IoT

v They love to develop own {private} silo......

2. "Trust”, such as Cyber Security

v ToT without security by own {private} silo
= Need “Security-by-Design”

3. Cloud platform

v “Closed” open source forum

> Need " Interoperability”




Risks of 10T (Internet of Things) Systems;
IoT people loves “own private silo”

1) Not “the I”” (Internet),
but “an 1” (internet), 1.e., closed
2) Poor security measures. . ...
Never be connected to the net !!!
3) Closed open source cloud forums
Lack of Interoperability with silo’sﬁ%




IoT(Internet of Things) people may tend to skip or to ignore the
implementation of enough security measure for their IoT System.

Of course, I share that the implementation of cyber security function in
their system is large overhead for time and for money.

However, we will and shall go to the globally interconnected large scale
eco-system, rather than isolated small scale silo eco-system for each

industry segments.

Therefore, the “Collaborative Security” is critical and mandatory
from the beginning of IoT development, which 1s the new stage of our
global digital economy.

And, we must encourage and try to use the common technologies, while
assuming that all the sectors shall be inter-connected to the global unique
digital platform




Big enemy/hurdle for the
business of Big-Data and
Artificial Intelligence

Unbundling
= On-line

Vertical integration
(closed system)

“Vested”
Interests

Drizontal integration
(co-operative platform)
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Big enemy/hurdle for the Unbundling

business of Big-Data and — On-line
Artificial Intelligence

= B
,J* _ |

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

SGCUPI"‘V measuresg -
is mandatory * @

- - -

L

Vertical integration rizontal integration

(closed system) (co-operative platform) )



Report by GAO

(United States Government Accountability Office)
 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 Homeland Security



Procurement process and structute of
US Federal Government

& GAO (Govemment Accounting Office, %E"‘*ﬁﬁﬁ;’iﬁ)
& OMB(Office of Management and Budget, T E IEFHE D)

& GSA (General Services Administration, 555—_';43 EHEFJ: )

> Specification and auditing of procurement processes and
documents

& NIST (Institute of Standards and Technology, BT IR )

> Specification of technologies




Practical US government acts

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

(*) Ex. Smart Grid Interoperability Panel

=» Every technology must be approved by cyber
security WG

2. Entering cloud infrastructure

» Out-sourcing of risk management of cyber security
of IT/ICT platform



FedRAMP from FISMA

* Federal Risk and Authorization Management Program

- ERBFEBEDISVFY—ERRAZED-HDEXa)ToEHE, V5K
H—EXRTANAF =N, COTATSLDEIMEZITTEHRINDE &
[T EICh =G RAE D FHRELRDOISELG IR FRAET H2EMT
LA W 8

— DEIFREX ) TAIROAR K] | s
FISMA =Federal Information Security
Modernization Act.(2002512 A)
v’ NISTISEFBBAFAFISMAIZ#EHL S Z1- D

XEETHILEBHBMNTTVS BrRE

RIEE (DHS)EE T DIEMEF 2 TA®K |
B THAIUS-CERTIFRE DIRILES —

« ISIMC Guidance

+ Cross Agency Coordination

- FedRAMP PMO - =

« FISMA Standards
« Technical Advisors
« Technical Specifications




Digital Transformation
of Industrial Structure



Supply Chain _
=» Demand Chain

Digital Transformatfon

from PUSH to "PU[L",

we need “De-Siloing”
‘Q

Customer Lock-on
=» Open Platform

SO




Long-Tail Business 1s a PULL structure

) IIBreakeven point N
5 20% : Profit
% I 80%: Loss
@ /1
o)
Sl
Cost/head
]?reakeven point I?reakeven point
% [
O
= > :
% Small number of customers I
= i
O x large profit rate |1

Cost/head %



Long-Tail Business 1s a PULL structure
| aloverganl 1. Digital Startups

”SNS First” 2. Amazon’s business

Digital Marketing model (trigger was
& publishment)

keven

2

I@@nber of customers :
|
x large profit rate |1

Customers

Cost/head 3¢



— —

Retargetlng SNS Community

\%er«Space

Noticed dig-ad
, Email Reviews CRM
‘ .

& Bhysicdl
Traditional channels:
TV, PR, Radio, WoM,DM Space

Going intfo Connected-Company :
Cyber space is majority and
interface (read/write) with physical space



Cost Reduction of Construction cost by the Reducing amount of Inventory

orerotetien: INVENtory house for 50 M & goods
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130 M & goods in inventory house with Supply-Chain using ICT

Source: Plantec Associates
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Cost Reduction of Construction cost by the Reducing amount of Inventory

onerorcien. - InVentory tyefor SOM © goods

BHTSAIICEEEZE
HEEZ3BICHELLTERIA M

FEE  50£

This 1s a goal of
“Industry 4.0 !

A\ 4

130 M & goods in inventory house with Supply-Chain using ICT

Source: Plantec Associates 89



Dev-Ops by GAFA+M/BAT
leads to Demand-Chain

Q@Q‘ Demand
2 chain

Pressure .

I e

Value e):change Pressure




Dev-Ops by GAFA+M/BAT
0 Demand-Chain

QQ‘ Demand
2 chain

Pressure
Vendor detined §

Value e):change Pressure




Some thoughts on A.L
in 2020



Wide variety of business

I.  Why banks use mainframe computer ?
v No calculation error !!! By IBM CPU (POWER)

II. Google/FaceBook vs, Amazon/Yahoo!
v' A/Y; No error because of Online-Shopping
(*) However, 1t 1s far relaxed than banks !
v" G/F; None could criticize their results......

(*) Now, how about the date for decision making in
professional organizations ?
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Wide variety of business

There are calculations;
(1) any bit error can not be allowed, and
(2) some bit errors can be allowed !!!

However,

Especially decision making for high profit
rate or high risk business may need only
few significant figures, but large amount of
data to deliver the figures.




p
Two ty  Computer delivers

directions by itself !!!
. “Adults”

Intelligence

— Language context analyses | : / Computing A
— Discover/deliver algorithm = capacity changes
paradigm !!
e “Children” \

{computing power}
* {amount of data}
1s competiveness !!!

— Deep-Learning
— Pattern matching
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What happened in Data Center and Servers ?

. Implosion(=high density heat & power)

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

. Growth of demands (Digital Twin & 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
d. Open system (not only IT, but also OT)
| 0. Hybrid and diverse of DC profiles

SO0 PWDN -



Rack Aifflow Threshold

6,000 CFM / 10,200 m’/hr ok
5,000 CFM Jf B,500 m’fhr
40 kW ~& ~
« >
v4
4,000 CFM / 6,800 m'/hr !
| 30kw
3,000 CFM / 5,100 ' fhr
o P
2,000 CFM / 3,400 m’fhr won |

Moore’s Law: The number of transistors on microchips doubles every two years
L i

. 10 kW
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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

. WUE(Water Usage Effectiveness)
2. Storage: Semiconductor, Disk, Tape
= Optical, Quantum

3. Computation:

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

li. Quantum as accelerator

4. Embodied carbon (Scope 3 supply chain)



on Model

Jeep Learning
010s

achine Learning
2000s

S

Source: SambaNova



https://sambanova.ai/

Latest Al calculation is of Data-Flow

37 #include <iostream>

38 using namespace std;

39

48| Clint _tmain (int argc, _TCHAR® argv[])

a1

a2

a3 int ivall = @, ival2z = @, ival3 = @;

a4

a5 printf("Enter three numbers:”);

a6 seanf("%d %d %d", &ivall, &ivVal2, &ival3);
a7

a8 if (ivall »>= ival2)

49 {

5@ if(ivall >= ival3)

51 printf(“Largest number = %.2d", ivall);
52 else

53 printf(“Largest number = %.2d", ival3);
54 ¥

55 else

56 {

57 if(ivalz >= ival3)

58 printf("Largest number = %.2d", ivalz);
59 else

5@ printf("Largest number = %.2d", ival3);
61 }

62

63 | getchar (};

sa] | return o;

65 [}

Software 1.0
e Algorithm is written by code (e.g., C++, ...)

e Programmer, called as domain expert
needs domain specific experty, knowledge
and experiences

Al is Data Flow (Software2.0)

Data, not code, delivers and trains model.
Deep Neural Netwaorks

Weight of works define/deliver parameters gS"

Source: SambaNova



https://sambanova.ai/

Semiconductors for Al processing

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

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

Data transmission and copying computation
consumes far larger electric power than
data calculation/processing data does.

— 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 soluhon
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8 kB SRAM

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 high-speed memory
— we can have larger capacity for memory
Calculation is triggered only by data migration
— good for sparce matrix

Source: SambaNova


https://sambanova.ai/

What happened in Data Center and Servers."’

Missing piece
= Energy productivity of Software(code)
(*) challenging with USP Mongolia

B Bod code
(D A lot of wasted operations
@ Less flexibility

[1 Good code . @ Operational Power
(® Small wasted operation @ Total System Resource,
@ Good flexibility i.e., embodied carbon

Reduction of

|
4
é
K
L
¢
¢
r

|

. Hybrid and diverse of DC profiles



Al; New & interesting & scary phenomenon

v

v

v

Experts (= “Takumi([f£)" = "adult" = person) are bound by "wisdom"
and "knowledge" based on the accumulation of their past experience.

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

However, because it follows the taught / given data, 1t makes a
straightforward and biased judgment due to the biased data.

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

It 1s becoming possible to actually develop ideas that seem to work {but
seemed unlikely to work for "adults"}.




Railway,Road vs Air/Sea Port vs {n/a}
(train) (vehicle) (airplane) (ship) (drone)

Optical fiber vs Cellular radio vs Satellite/WiFi

Synchronous vs Local grid vs Mobile

Financial cost .

Warming gas emission .

(Japan) (USA/EU)
(E[VS::rgges]Jrld) [ ifixed1Point]  [{mobile}Point]

Installation, maintenance, and modification costs

=. Global warming gas emission



Energy x Digital

EV as new component

1. Battery
[Operating rate] 2. Computation

* Private 34~5% 3. Mobility
* Commercial :




400V & 12V DC System

100 KW 1n Peak

30 KW for continuous
!
30 Houses

by 50cm x 50 cm x 50cm

Q Tani Green Energy research
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300~500 MW
1.0~ 1.5 GW
KORE (BESF 335 MW

HONDA FCV
30 kW (3548)
100 kW (E—%)

HE'—7: ®EB30KWh/§ f
RETRFEEH: 35 E(Worlliwide) . commmee |
75,000 = (EHR) %

- (*) as of Sept29kfemirzmsem
aEy—y =& 3MW 13.5KWh

W e—2 | 10 MW REH70PATRETE




High capacity
mobile battery
packages




DBattery x @Computation x @Mobility

50,000 power
transmission

/((n))\towers
Power grij \,—[)%(“ Communication
Hub ~. network
Hub - <amg :
Z ‘I‘n_n_‘ m . j

EV mobile PtO\Ever =N Mobile battery

battery —ty | Ba (@]
network S

Grid operator

Service providor

(LBFR) [EA(2021) [GRIDTERE I DIENZ AT A .

B SRR



@DBattery x @Computation x @Mobility

€ Nissan EV:30kW(Ave.), {100kW(Peak)}, 100kWh

"

1. 101 millions):30GW(Ave.), 100 GWh(Peak)

» Pumped storage power in TEPCO (=9GWh) x 10
> BEA L(=335MW) x 10

2. 100 EVs : 3MW(Ave.), {30MW(Peak}
» Eng.No.2 Bldg (12F): 700kW (=35 EVs)
» Hongo Campus(No.2 in Tokyo):30MW (=1 k EVs)




MDBattery x @Computation x @Mobility”

CN NNN s ~AvaiA

‘ TeSIa(byAMD@CE82023) - 10 TrLoPS (1013)

https://car.watch.impress.co.jp/docs/news/1469629.html

€@ = 55 (No.3 Super Computer): 1,000 PrLOPS (1018)
» 3 TFLOPS/mode
> 158,976 nodes (1.5x10°)

https://www.fujitsu.com/jp/about/businesspolicy/tech/fugaku/specifications/

"

1001{(:105) Tesla = & £ (No.3 Super Computer)

(ph) [MA(2021) |GRID CiEfE 9 8> A7 Al  EXFNELAR



https://car.watch.impress.co.jp/docs/news/1469629.html
https://www.fujitsu.com/jp/about/businesspolicy/tech/fugaku/specifications/
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