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EZSimple equa’riongz

Watt « Bit and Shell(Molecule)




Energy to build, operate and to maintain

Material Electricity Digital bits

(Molecule) (Power/Watt)
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Energy to build, oparaie an d to maintain

Embodied carbon

Material Electricity Digital bits
(Molecule) (Power/Watt) (Digital Function)
x0000 - x00 - 1




mass(g) Normalized by
electron
Phy. Material Proton/Neuton 1 673x10°%* 1,840 (=1.8x10 )
Power grid Electron 0.109x10" 28 1

Bit(Telecom) Photon 0<m< 2x10 21 2 198x10 24
O\

| (kmm e
Physical matetrial

Electric currency 3x10°

30 million

Radio wave(in air) 3x10° 3x10° 30 million

(in fiber glass) 2x10° 2x108 20 million
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Physical material
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Physical matetrial 36 10 1
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[Revolution of Infrastructure]

(D Molecule flow (by Container)

@ Energy flow (by Electron)
(Watt)

()Informafioh flow (by Photon)
(Bits)

Energy Productivity
EP-x00 by 10% order




History of debt(money):
Ledger = Currency = Digital Cash

1. Molecule transport (no alternative)
2. Valuable alternative molecule

e.g., gold/silver cash "‘ 7
3. ‘(I' 9 9 ) Analogue
rustable paper/coin ‘ world k

4. Trustable bits
4-1. Batch & Off-line bits tra. Dlg 1ta_'l_ '

‘ world k

4-2. Realtime On- Ime bits tra




® ® * ®
'nnovatlon In LOQIStlcs 2020s =Cyber-First Sharing Economy

oV
20t century \

(1) Physical Sharing *nomy

19th century = exclusive separated system

en9ra| printer
.gq 30 printer

Late 20th century
(2) Sharing Economy
in cyber space

Container
Parrett
(1956)



| nAajcti=<
|nn0V ’lon ln S =Cyber-First Sharing Economy

19th century - Object transfer/moblllty
> over sharing platform !!
1. Physical object

.l
2. Digital object

.‘ »Nan lll *nomy nri-"

? Cost of object transfer/mobility ?
Physical g . 4 Digital

"

Container Huge EP(Energy Productivity) N
Parrett improvement !!!

(1956) Qpyre—




Toward globally shared
testbed/platform,

(i.e., Global Commons)

with NRENSs,

e.g., Work Load Sift of
computing processes/power for
electric power DR(Demand Response)

among DCs over the globe



Arena-PAC

Arterial
Research
and
Educational
Network
for
Asia
and
PACific




European Data Gateway Platforms
North Sea & Arctic opportunities

LEGEND

77N Clion2

#7 T\ Sweden-Germany fiber
Link to Japan & Australia

~7T__ Celtic Norse

/-\ Borealis

e Nordic Ring

#7 T\ Arctic Connect R&E

Z7 N\ Unk STH - HEL

TN WP fiber

77\ Leif Erikson




o . To To ‘ To Internet2 ‘
+**Chicage” ' Seattle’ LA Via Hawaii

SG, Guam, JP for Hubs
In Pacific

wvistonnected

SG connects EU via
Indian sea

Asia Pacific RENs 2025

Based on AsidConnect Map [April 2025 ver.) and APCnet map (Aug 2)
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Based on Asi@Connect Map [April 2025 ver.] and APOnet map [Aug 2)
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Main infrastructure,,,

Molecular Molecular
L Energy(electricity)

Physical Ceo-

== Politics

>| 1ransport/Logistics !‘ |
Energy/Power ‘

Informati
Digital

IR MR
FNPIFRERY & CERIAS 0

o Extended landy
Logistics, water &

sewage, defense
Sharing Economy




Toward Digital/Cyber Complete

lLegacy; Physical/Molecule

W Physical Complete; Run only by molecule
n Run; Electricity replaces Gas engine
\W Physical First; Optimize molecule by Bits
Cyber First; Design molecule by bits
Replace molecule by bits
\ Cyber Complete; Run only by bits

To-Be; Cyber/Bits (*) molecule= “thing”

bits =“function/code”

Energy Efficiency
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Techniques for reducing
energy consumption
in each business segment




Carbon Neutral infrastructure
by EP'XOO (Energy Productivity)

BN TR

® Virtual Machine - = -
Digital Twin

® Huge Memory & _
As Is Processor (CPS; Cyber Physical System)
with LoD *

® Program(i.e.,code)

Electron
TO BE - Photon Cyber First
= Quantum

(*) LoD; Linked Open Dat



Carbon Neutral infrastructure
by EP'XOO (Energy Productivity)

T

-
Y e .Operational win
AS IS Processor c b _ al System)
Qata Center arpon-
Electro
TO BE - Photon Cyber First

= Quantum
(*) LoD; Linked Open Dat



Carbon Neutral infrastructure
by EP'XOO (Energy Productivity)

BN TR

® Virtual Machine

® Huge Memory &
As Is Processo

Digital Twin
(CPS; Cyber Physical System)

oD~

———_.ox ed Open Dat



Techniques for reducing energy consumption
in each business segment

1. Reduce the number of {physical} things newly
required when we build a system

2. Reduce the amount of required energy during
system operation (AS IS)

3. Reduce costs required for system construction
and operation (TO BE)




Techniques for reducing energy consumption
in each business segment

1. Reduce the number of {physical} things newly required
when we build a system

a. Replacin? ‘“things newly needed” with “things
u

manufactured in the past” by applying
reusing/recycling/circular economy

b. Reduce “things newly needed” by sharing economy




(1) Reusing/recycling/circular economy

Practical examples:

i. Reuse of used EV battery and
computing capacity

ii. Scrap & Build to Skelton & Infill
in Buildings



i. Reuse of used EV battery at Amsterdam stadium

B{Electric} Power distribution base
Capacity of EV’s used battery packs
v3MWh only with 148 EVs

v100KW in peak per EV
v20KW in average per EV

1. Normal situation;
Power DR (Demand Response)

2. Emergency case;
Local self power supply



Energy x Digital

EV as new component

1. Battery

Operating rate 2. Computation

A Private 44 O% 3. Mobility
oINS 24




Battery X

50,000 power
transmission

T =

Power grid X

Computation X

Mobility

Communication network

---.
EV mobile ‘battery

Moblle
network

p A7 P

N (2021) $ GRID" &

battery i

Grid operator

Service providor

- IYMAY1SE T A



Battery x Computation x Mobility n

&® Nissan EV 30kW(Ave.), {100kWreak}, 100kWh

»
1. 105(1 millions) 30GW(Ave.), 100 GWh(Peak)

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

2. 100 EVs 3MW(Ave.), {30MW (peak}

» Eng.No.2Bldg (12F) 700kW ( 35 EVSs)
» Hongo Campus(No.2 in Tokyo) 30MW ( 1k EVs)




Battery x ~ Computation x  Mobility P

CN NNN r~AvriAr

L Tesla ey avb@ces2023) 10 TFLOPS (1013)

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

4 (N0.3 Super Computer) 1,000 PFLOPS (1018)

> 3 TFLops/node
> 158,976 nodes (1.5x10°)

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

[\

100k(:10 5) Tesla (No.3 Super Computer)

pANz P 71(2021) s GRID a . IIYMYTS] A W



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

ii. Scrap & Build to Skelton & Infill in Buildings

by Prof.NicolaasJohnHabrakerof MIT in the 1960s.
B No need to dismantle and rebuild the

frame waste élncludlng Industria
waste) can be reduced, and resources

and energy required for rebuilding can
be reduced

v"Condominium in China

v'Rapid functioning in East Germany  after
cold war

a  Start s : s
(Completion) Infill (lnterlor,faCIIItY)

mSharing hardware

BOwner 0s excl usi ve
among multiple generations

BSharing assets by tenants among same
generation

Skelton (Structure)

EmDigital Twin in Hardware and Software Fig.8 Skelton & Infill (as Hardware)



Techniques for reducing energy consumption
in each business segment

2. Reduce the amount of required energy during
system operation (AS IS)

» Cloud by Default
> Application and diffusion of digital twins




Carbon Neutral by EP-x00 (Energy Productivity)

Virtual Machine Digital Twin
As Is ® Huge Memory & (CPS; Cyber Physical System)
Processor with LOD
Electron
TO BE = Photon Cyber First

= Quantum



“C/OUd-by-oefaU/f” for multiple pay off

(June 2018 by Japanese gov.)

1. De-Silo-ing: Silo-structure of ministries and agencies should
be interconnected as a shared infrastructure to deliver
innovative use of data, while collapsing walls among them.

2. Leave infrastructure cybersecurity operation to experts.

Also reduces & improve fixed costs for personnel in charge of on-
premises facilities.

3. Reduce & improve CAPEX and OPEX, {incld labor costs,}.

Hardware, software, people: from ownership (BS) to usage (PL)
4. Expand BCP against natural disasters and cyber attacks.

5. Achieve energy savings for contribution to global warming.



Tremendous earth quake on March |1, 2011

Moving branch offices went to a HQ
Any server moves to Data Center
Full online business operation

Right after earth quake...
Business continuation only with
few % of employees in HQ office
Work at home = Safety for employees

After earth quake

Smart HQ office of Referenced recommended office for all
Microsoft Japan in Tokyo Microsoft offices

Supporting handicapped employees




Tremendous earth quake on March |1, 2011

Smart HQ office of
Microsoft Japan in Tokyo

Life time cost reduction with

comfortable working environment

by no noisy, hot and big eating servers !!
1. Initial move -In

2. During occupancy

3. Exit and return to status quo

Cyber security improvement (=BCP)

1. Intellectual property on the computers
2. Information leaking

Energy saving (=CSR)

1. Digital Twin + Cloud computing

2. Big eating computers go to DC




What happened in Data Center and Servers ?

1. Implosion(  high density heat & power)
2. loF , Intemetof Function = VM/GPU moves on the net.
3. Optical technologies(electron => photon )

4AI)Growth of demands  (Digital Twin = HW/SW robots &

5. Massive scale & energy saving
6. 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
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6,000 CFM J§ 10,200 m'fhr

5,000 CFM [ B,500 m’fhr

4,000 CFM / 6,800 m’ fhr

3,000 CFM / 5,100 mfhr

2,000 CFM / 3,400 m’ fhr

1,000 CFKA § 1,700 m'fhr

0 CFM J Omfhr

Rack Airflow Threshold

r/

nu“*“"

nterprise [ Transaction |/ Businesi——————1
—Communication / Telco—
2015 2020 2025
2022

50 kW

30 kW

20 kW

10 kW

Moore’s Law: l'hc number of transistors on mlcmchips doubles every two years
(b ety ees b frrnamangi i s palts i fuanes g s oy Nyl nci B8
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Cooling Capacity Thermal Conductivity

O Water

15

H,0 25X

a8 Better

1000X

_ more at transfering
cooling capacity

than ﬂil’

Heat

= &

Transport Energy

Water

requires

10X less
Energy

4

to move H Eat

&

https://www.supermicro.com/ja/solutions/liquid-cooling &Y35|FH




New challenges

1. WUE(Water Usage Effectiveness)

2. Storage: Semiconductor, Disk, Tape
=>» Optical, Quantum

3. Computation:

.  GPU for Al : Dense matrix = Sparse matrix

(image/video bitmap) (semantic data,
e.g..LLM )

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



)eep Learning

achine Learning

Si

Source SambaNova
https://sambanova.ai/



https://sambanova.ai/

Latest Al calculation is of Data-
Flow

37 #include <iostream:>
38 using namespace std;

4@ Hint _tmain (int argc, _TCHAR* argv[])
41 1

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

45 printf("Enter three numbers:™);
46 scanf("%d %d ¥d", &ivall, &ival2, &ival3);

48 if (ivall >= ival2)

58 if(ivall >= ival3)
51 printf("Largest number = %.2d", ivall);
1s

else
53 printf("Largest number = %.2d", ival3);

{
57 if(ival2 >= ival3)
58 printf("Largest number = ¥.2d", ival2);
1s

else
68 printf("Largest number = %.2d", ival3);

63 getchar ();
r n

Software 1.0 Al is Data Flowp Software2.0 P
A Algorithm is written by code (e.g., C++, ...) A Data, not code, delivers and trains model.

A Programmer, called as domain expert needs A Deep Neural Networks

domain specific  experty , knowledge and A Weight of works define/deliver parameters Sm
experiences

Source SambaNova
https://sambanova.ai/



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

A Hierarchal memory structure conceals data
transmission latency

A Depending on cache hit ratio/character
A Optimized for Dense GEMM
A Poor performance for Sparce GEMM

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

A 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 u%} companies propose legacy
semiconductor design for  {dense matrix
computing based} Al  solution.

processing

100,000

10,000 ..r""”

o ,/T.’
Processor
100 Processor-Memory
/ Performance Gap
10 ,-‘i::::::::::j:;l—.—l—i—a—1—'—'~J—iui—'—rﬂr—;luﬁ'—""'_"

1980 1985 1980 1905 2000 2005 2010

Performance

DRAM
Rd/Wr

64-bit DP
20pJ

Efficient
off-chip
link

256-bit
buses

256-bit access
8 kB SRAM

Figure: Computation cost is significantly lower than
communication cost in 28nm NVIDIA chips
(Source: Bill Dally)

Source SambaNova
https://[sambanova.ai/
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Innovation of data-flow data processing architecture

Flow of data and processing is defined by locality and parallelism

CONVOLUTION GRAPH —> Convi g >>> Sum

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 sparcematrix

Source SambaNova
https://[sambanova.ai/
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What happened In

N

DN ()

o
c
-

= (O 00

Data Center and Servers

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

B Bad code
g A lot of wasted operations
R Less flexibility

0 Good code
g Small wasted operation
R Good flexibility

»

Reduction of
Operational Power
Total System Resource,

l.e., embodied carbon

Fyorid ana aiverse Oor b profies




Pythonvs. Unicage by USP unicage

usp lab.

Count number of raws in 20GB

fla 1 16.7
Sort 5GB file 1 48.89
Pick corresponding raws in 20GB 1 More than 140
file (not completed)
Transform to CSV format file 1 53 92

from 10GB file

47



Carbon Neutral by EP-x00 (Energy Productivity)

® Virtual Machine Digital Twin
As Is ® Huge Memory & (CPS; Cyber Physical System)
Processor with LOD
Electron
TO BE = Photon Cyber First

= Quantum



. Green
Independency System Architecture ===Tokyo

Project
from hardware

User Interface

for applications  TERR N B e _
By ata Centric for
— ransparency for
Storage mm VhO & How use
TCP/IP Network HTTP and XML
GW GW 3 ' =

Integration and
Interoperability with
@ @ - via GW for legacy systems



The University of Tokyo in Summer 02011
Hacking building/campus facilities with IP

Peak Peak
(2010) (2011) Total (2011) Rol
Major 5 66 MW 69% /5% /8% less than
campuses ( 31%) (22%-25% ) 1 month
Eng. No2 56% 69%
Bldg. 1 MW C 44%) C 31%) 2 years

Contributions
1. Multi- Vender for sustainability by TCP/IP
2. Global standard for

Interoperability

L
Green
university of Hkyo




The University of Tokyo in Summer oR011
Hackina buildina/campus facilities witlﬁ’

y [Fact/Lesson 1]

{almost} Only by visualization
(aka., by Digital Twin )

[\

25% reduction in total

[
EP-50

2. Glopal stangara Tor — Interoperaniiity e




The University of Tokyo in Summer oR011
Hacking building/campus facilities wittf)?

|[Fact/Lesson 2]

-- Important rule --
Capacity of power network Is determined
by peak power demand !!
Reduction of demand at peak time contribute to the
reduction of
the cost for capacity of power supply network

en
ot !ﬁ,?elc(tyc

L. Jivpal sitaliualu 11Ul L1 UPCI aullity



Techniques for reducing energy consumption
in each business segment

3. Reduce costs for construction and operation
(TO BE)

1. Things can be selected by unbundling things and things
= loF(Internet of Functions)

2. Strategic use of communication infrastructure
"Movement of physical things
>>Movement of energy (including power)
>>Movement of digital bits (things and functions that are digitized)".
(*) More than two orders of magnitude smaller




Innovatlon In LOQIStICS 2020s =Cyber -First Sharing Economy

19t century = exclusive separated system
e

20t century ~23
A

(1) Physical Sharing Economy } EeEE e
- e.g., 3D printer

Late 20 century
(2) Sharing Economy
In cyber space

Digital package

Parrett
(1956)

(=IP Packet)



Innov;,ginn in Looisticg

ZObject transfer/mobility

over sharing platform !!
|. Physical object

ul

2. Digital object

sCyber-First Sharing Economy

19t century =

e/ s o« g o
Cost of object transfer/mobility?

Physical B= Digital
"
Huge EP(Energy Productivity) ™~
Parrett improvement !!!

(1956) Qpy—




o Message 2/2 «

Transfer cost ... ...
= Energy Productivity---

Material >> Electricity >> Digital bits

(Power) (digital Function)

x0000 x00 - 1




? When weThink about the Earth ?

(D Speed of light is not fast:--.
Inter-Continent: 200-300 msec.
Domestic: 30- 50 msec.
Intra-facility: 2- 3 msec.

@ Mal-distribution of Renewal Energy
Far North/South Cold"
rural area Carbon Negative




? When weThink about the Earth ?

(L_Spneed of Ilghf is not fas e

“l'l!:::: .

Doy 3 layered global

‘ Reconfigurable
“Computing” Networks

@ Mal-distribution of Renewal Energy

Far North/South Cold"
rural area Carbon Negative




Business case P BMWin Germany [

Before After
* Germany Iceland Sweden
Germany - -.
100% ,Z,O % 50% 30%
5 MW 1MW ~ - 2.5 MW 1.5 MV @
2007 1—0 9 Small Iatency\,\o Allowing large latency
200/ 2—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)
v'There are a lot of non-real time processes

et

|. Gentle to Earth
v by use of renewal energy (RE-100)
v’ by use of cool air (EP-100)

2. Cost reduction (EP-x000)

v Replacing power cable (copger) to
communication cable (glass




European Data Gateway Platforms
North Sea & Arctic opportunities

LEGEND

77N Clion2

#7 T\ Sweden-Germany fiber
Link to Japan & Australia

~7T__ Celtic Norse

/-\ Borealis

e Nordic Ring

#7 T\ Arctic Connect R&E

Z7 N\ Unk STH - HEL

TN WP fiber

77\ Leif Erikson




HIGH LEVEL OVERVIEW PROJECT TIMELINE,
PRELIMINARY:

Ll oe s Q. -4 e Supply Contract-in-Force
y » < y ) 2022 1P

2022

) i - Marine Route Survey
IRELAND 2023

: A Far North Digital, LLC

5 - [ g

GREENLAND

" Thule

Pond Inlet

CANADA y
[ 44

CURRENT DESIGN ESTIMATED LATENCIES

+ The cable transits the Northwest Passage offering _

a new route in subsea cables Sep RTD/ms
+ Significant latency reduction versus routes Japan (Chikura) - Ireland 152

available today i :
+ 16 fiber pair system Japan - Norway/Finland 166
+ Landings: dual landings in Japan (Hokkaido and Japan - Alaska (Prudhoe Bay) 70

Tokyo region), Europe (Ireland, Norway/Finland) Alaska - Ireland 82

and North America (Prudhoe Bay) z F&r i ;I :F -:I"- ,'.=-' I“' —"."JR, ﬁ Eﬂﬁ
+ Branching Units to support remote northern regions Alaska - Norway/Finland % e e
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Taylorable Lumj

To Japan TE——

COncept

LUMI Concept:
* Targeted project size > 1 Mw

Concep§ _enabk_s CO; Qegative operations
* 10 MW time to market 18- months

X
=%y 7
>

1. 100% 2. C-Lion Subsea Cable

2. = Amsterdam, London,
( ) Zurich, etc.,

3. 3. atnorth (Helsinki)

( IQM&VTT)
4. Microsoft 3 DC
Helsinki




* ICT Solutions for Brilliant Minds

CscC

visited September 20(Wed), 2023
O 1/5  1/7 '
v'30 € MWh (5-7 /kWh) from PPA

v 35 /kWh
vCartbon-Negati ve?©

O «+P/AYX c ™ Lo e o B
v
v 250MW () <50¢ | & 30 ¢
v100% ™ 1 e Kum. e B i
v ( )
v A(22 0.6 /Mwh
v

u mm mmmm-mu \

O (FNF) J}E[!ﬁﬁii:'ﬁi :u!mnnlﬁ L

v'2027 E—






? When weThink about the Earth ?

(@ Speed of light is not fast---,

Moon 1,000 msec.
Inter-Continent: 200-300 msec.
Domestic: 30- 50 msec.

L OE satellite 3- 30msec. < 1

2- 3 msec.
of Renewal Energy




1.

(a) Terrestrial
(b) Non Terrestrial

68




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

Optical fiber vs Cellular radio vs Satellite/WiFi

- o
- )
'§ S| Synchronous vs Local grid vs Mobile
g 2 (Japan) (USA/EU) (EV Power grid)
T E
= Surface {fixed} Point {mobile} Point

4

ﬂ modification costs
ﬂ emission




@ Message 2/2 «

Transfer cost ... ...
= Energy Productivity---

Material >> Electricity >> Digital bits

(Power) (digital Function)

x0000 x00 - 1




2. Energy consumption
(a) Radio AP and front hole
(b) Data Center with Power Grid



Best Practice I1n China

Electric Power Grid
=» Cooperation with
digital computation grid



Asian SuperPower Grid Plan (2017)

73



Asian Super Power Grid Plan (2017)

Gas,PV,Wind
,o"'- "

w/ HVDC



Electrical Power shortage in spring and winter idapan
A

Jan. to July in 2022

||
— Large RE Area

0 10 20 30 40

Large RE Area

[E#] Ev AT 47 RERFBRUEE S8 HE K
~Oe FTAZD (2022 9 28 )
SPb: BZZB: LM~ UBf U;: z £T 75




Electrical Power shortage in spring and winter idapan
A

Jan. to July in 2022

||
— Large RE Area

0 10 20 30 40

Large RE Area

Large Demand Area

[E#] Ev AT 47 RERFBRUEE S8 HE K
~Oe FTAZD (2022 9 28 )
SPb: BZZB: LM~ UBf U;: z £T 76
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Data Center in rural area can help !!!

DC RE Micro -Grid

Surplus
RE = DC@rural ® Computation

We need very We trangfer We transfer
expensive computational valuable
power transmission demands

mfrastructure results
[Demands: Electric Computation
| |
| |
| |
i .
| |
," Surplus -> DC@rural ™  Computation
RE

DC RE Micro -Grid

[EX] Ev FAT47 KREFBRUEE 25 HEF K
~Oe TAZD (2022 9 28 )
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https://highreso.jp/gpu/consulting

Practical implementation
Focusing on Al and Big Data Processing !!

1. Only for HPC/GPU service
= not serious PKIs
q Latency
R Service outage time

2. Cooperation with power grid

GPU CONSULTING
Company{@ } F=R2EeVEe—aAHv LT LT
=>DR: Demand Response | I
q 5 (=critical shortage) [
R kWH ( Dalily operation)
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Carbon Neutral by EP-x00 (Energy Productivity)

® Virtual Machine Digital Twin
As Is ® Huge Memory & (CPS; Cyber Physical System)
Processor with LOD
Electron
TO BE = Photon Cyber First

= Quantum
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