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AITL Strategy Proposal v5.7 (Policy Edition, Full Bilingual, No Placeholder)

0. TJ¥ U7+« 7H<Y | Executive Summary

BAGE:
AITL (Al-Integrated Transition & Loop) I&. PID&IfE (ZEM) . FSMHITH
(E—RE®R) . LLMEKEt (BEREH) 2=BHa L. I5I1SystemDKICL 2T
2. 5 - BIR « EMIE W o 7B Z S TAIHRERBE D S S T 2 EE T
H3o

PoCERBIDRRISUTDED :

« £a2—7/ 1 P Z2BE1E200msUA. HITLEM30%ME L. TRV
F —3EK15%HE

« CFETHIE: ¥ 72nmEHICH T B ECHRBE - PSS Z #E

« FHEIGA: 22nm FDSOI FPGA L TOREAB &R = Eit

EFRLEBOERTIE. REIGREFEPHEAF A EUVIRECHIEIE. PE
FRFRAIERITEALTVS D, FIE - Al - VRN Z =(—FTHRE TS0
IFAITLOHTH %o

CNIFERICE > T KITBIECEARLREZHII T 5 BRIEMAMzSKY
Do

English:
AITL (Al-Integrated Transition & Loop) integrates PID control (stability), FSM
control (state transitions), and LLM design (redesign) in three layers, with
SystemDK embedding physical constraints such as thermal, stress, power,
and EMI from the earliest design stage.



Proven PoC results include:

« Humanoid Control: Posture recovery within 200ms, 30% improvement
in gait stability, 15% improvement in energy efficiency

+ CFET Control: Compensation for interconnect delay and thermal
coupling at sub-2nm nodes

+ Space Applications: Demonstrated long-term autonomous operation
on 22nm FDSOI FPGA

From an international perspective, while the US emphasizes reinforcement
learning and formal methods, the EU focuses on ethics and society, and
Chinainvests in large-scale Al platforms, AITL is the only framework that
unifies control, Al, and physical constraints.

This represents a strategic advantage for Japan, securing both
technological leadership and economic security.

1. EELESE [ International Comparison

| z=E-iEoEs7 70—FLRR

Similar approaches and limitations in major countries and regions



& - iz / Region | XFREYFO T 7 bk [ Representative Projects | #8977 0O—F / Technical A

¥K[E / USA DARPA "Assured Autonomy", NASA Al Control BB{LFEEH R — X DOBELHIE.
einforcement learning-based ¢
control, formal methods

EU Horizon Europe "Al4CyberPhysical", "HumanE | 1 /\—7 1« S HILHEEAL &l
Al" yber-physical integrated Al, ett

focused
HE / China FETHACAIETEL CRHTAIESRERR) Next- AlFy THECERMS. BE
Generation Al National Strategy Al chip development, civil-mili

fusion, enhanced autonomous

H# (AITL)/ | AITLV5.0/v5.1 PoCs PID+FSM+LLM%E =EB#A. S
Japan (AITL) TYIEFIFI R BR Three-layer int

of PID, FSM, and LLM, with Syst
embedding physical constraint

AITLOFREZERNLR T > b | AITLs Differentiation Points

1. ZB7—*% 77 F v DMf—1% | Uniqueness of the Three-Layer
Architecture

o RKE=1tFH FRXAFE. EU=HAN—T 1 PAHILKE. BE
= RFARAIEE,
USA = reinforcement learning / formal methods; EU = cyber-
physical integration; China = large-scale Al platforms

o — PIDXFSM X LLM+ SystemDK D#E& & I3IRIRAITLD &
— Only AITL combines PIDXFSM X LLM with SystemDK.

2. BAlPoCic & 3 E{HlF / Validation through Measured PoCs

o BAII I al—Ta vl BARAITLIZARY b « 38§ - FH
E#PoC TEHIEEHo
Overseas efforts remain simulation-focused, while Japan’s AITL
has been demonstrated in real PoCs across robotics,
semiconductors, and space.



] HE - 1Z%(L#IR | Education & Standardization Strategy

o EUIXRIEIEZE. PEIZBEEMAHEE. KREIIFHEET,
EU emphasizes ethics standards; China is domestically closed;
USA prioritizes defense.

o — BAAITLIZEMIEE(L L AMBERZ @ CIRT IR
— Japan’s AITL can uniquely present both international
standardization and human resource development.

I EEBREYRIZ | Strategic Implications
HAEE:

« BEEXZICHEWVTIE TAITLIZDARPAX Horizon Europe DIERAIFE Tl
<. PEFREICE I RERFHERE TH D) CRAITZICHEET
HB3o
EERZETIE RRE=AIFE. EU=fRIE. PE=XHE L. BER=AITL
(ZE+¥EFIK) | OWRBT Y T2RTTBZ LT BROMBEM L
BAMZERICTE %,

English:

« In policy documents, it is crucial to emphasize that AITL is not a
continuation of DARPA or Horizon Europe, but rather a next-
generation control foundation integrating physical constraints.

« For international conferences, presenting a four-quadrant map (USA =
Al control, EU = ethics, China = scale, Japan = AITL with three layers +
physical constraints) highlights Japan’s uniqueness and leadership.

2. SystemDK with AITL E2&5%BH / Core Framework:
SystemDK with AITL

I 2.1 SystemDKX |& / What is SystemDK?

H:E:
SystemDK (System Design Kit) (&, #ERDPDK (Process Design Kit) Z#:5& L«
2 I0H - BTHS (EMI) - RGEER & OENGIZ. Bl « > X7 LT
EPETERUIBEIC T DRETER TH D, EDAYV—ILPT I al—> 3 VRIBICE
BEREIN3 T, REVIAL o REREM CEREEZEEFRT 5.

English:
SystemDK (System Design Kit) extends the conventional PDK (Process Design
Kit) by enabling designers to account for physical constraints such as thermal



effects, stress, EMI, and RC delay at the circuit and system design stages.
Integrated directly into EDA tools and simulation environments, it ensures
implementation feasibility and reliability from the earliest phases of design.

| 2.2AITLZ 13 / What is AITL?

BA:E:
AITLIZ. PIDHIME (ZEM) « FSMHIE (REEER) . LLMERET (B&%EH) ==
BTHELIEHLWEE 77— TF 9 F v TH D, PIDM) 7ILE A LREMZIE
RL. FSMBRE—RBRERZEE L. LLMAAIL CHERICBRTE SZET 3,

English:
AITL is a novel control architecture that integrates PID control (stability), FSM
control (state transitions), and LLM design (redesign) in three layers. PID
ensures real-time stability, FSM supervises mode transitions, and LLM
provides redesign support under disturbances or failures.

I 2.3 SystemDK with AITL D#i5& / Integration of SystemDK with AITL

H#&GE:
SystemDKEAITLZ A AEHE S T, MBS ZIBENIrSEZERLIZ) 7L
BALFHEHT L—LT—21 HEIRT S, T%z Runtime Physics-Aware
DTCO (Design-Technology Co-Optimization) ¥ E&ETT %, AITLO=EHIH
I&. SystemDKMNNEXZE « S - IGHETILE U TILZA LICEDAH, %5
CERAZBIRCE %,

English:
By combining SystemDK and AITL, we realize a “real-time control framework
with physical constraints embedded from the start.” This can be defined as R
untime Physics-Aware DTCO (Design-Technology Co-Optimization). AITL’s
three-layer control integrates SystemDK’s models for thermal, power, and
stress into real-time feedback, creating a continuous loop between design
and operation.

| 2.4 EpELL8ic £1 BB S / Position in International Context

BH#&E:
KENIMEBEFIOBRMITHEICEF LIROTERETH D EVIZMEIE - FIEMNIC
AN FEIEFEFY TEEICEFRLTVWS, —A. BAIF SystemDK with AITL
ICE& D TERETXEIEX YIRS Z2ME T HAM—DT L —LT— U %L
LTW3,



English:
The US is only beginning to address post-hoc compensation for physical
constraints, the EU focuses on ethics and institutional frameworks, and China
emphasizes chip mass production. In contrast, Japan, through SystemDK
with AITL, has established the world’s only framework unifying design,
control, and physical constraints.

flowchart TB
SYS["SystemDK<br/>Physical Constraints"] --> CORE["AITL Core"]
PID["PID#lffl<br/>Stability"] --> CORE
FSM[ "FSM#&lffl<br/>Transition"] --> CORE
LLM[ "LLM&&5t<br/>Redesign"] --> CORE
CORE --> OPT["#i&®#E {b<br/>Holistic Optimization"]

I 2.5 EDA% & / EDA Integration Flow with SystemDK and AITL

LIFIC. SystemDK with AITL D& 70— %K"Y %, EDAFRET 7 O— IR
BB Z #AA. AITLEIEIES 2—IILZN LT ZILE A LICBRT 2 R0
HMTHBd, CNISED. ERD TR EME] TIAL BRI 5D
Runtime Physics-Aware DTCO = XIEd %,



MermaidhR (& miT)

flowchart TB

subgraph EDA Flow ["EDA Flow"]
PDK["Process Design Kit"]
SYN["Logic Synthesis"]
PR["Place & Route"]
LVS["LVS/DRC"]
STA["Static Timing Analysis"]
GDS["GDS II"]

PDK --> SYN --> PR --> LVS --> STA --> GDS
end

subgraph Physics ["SystemDK Analysis"]

FEM["FEM Analysis"]

SP["S-Parameter Measurement"]

METRICS["Runtime Metrics: Delay / Thermal / EMI"]
end

subgraph Control ["AITL Control Modeling"]
PID["PID Controller"]
FSM["FSM Supervisor"]
LLM["LLM (Next)"]
RTL["Verilog RTL"]

PID --> FSM --> RTL

LLM --> FSM
end
PR --> FEM
PR --> SP

STA --> METRICS
METRICS --> PID
RTL --> SYN

3. 5A3BIPoCHESR | Core PoC Papers (2025)

3.1 CFET Tutorial 583 / CFET Tutorial Paper (2025)
BAEE:

« A& / Content: Planar — FinFET = GAA— CFET £ W\ 5 7 /N1 Xk %
ARICEIEL. HENR=LSFTLHT

« EERM / Industrial Impact: XX > O Z7HBICH T IIZEHM,
PoCOIEfE % BhlF 2 EREFIE = e fit.



«AITLICHFBHIE DT / Role in AITL: SystemDKX> CFETH#l{HIPoC% IBfiZ
I SRIREM. HE - A\MEROEE,

English:

« Content: An educational overview of device evolution from Planar —
FinFET — GAA — CFET.

« Industrial Impact: Standard teaching material for next-generation
engineers, providing foundational knowledge for PoCs.

« Role in AITL: Not directly AITL, but essential as a prerequisite for
understanding SystemDK and CFET control PoCs.

CFET Tutorial Paper (PDF)

3.2 SystemDK for 3D-IC 5% / SystemDK for 3D-IC Paper (2025)
BH#AE:

« A% | Content: FEMZARRHR « [5F19376 « S/\Z X — ZEMIfE#T %2 EDARIKY
(STA derate, Placement Blockage, CTS Shielding) NBEZEZ,
« EEEMW / Industrial Impact: TSV & v I ZRRIC. X1 IV ITEF
87%/E. Fv b RARy MEELILICIER. 7 HE23%HK% £,
«AITLICH T B{EDIT / Role in AITL: AITLSIEDHIERPE L B S B
PoC, SystemDK+AITLAFE T 31EE L,

English:

+ Content: Translates FEM thermal/stress simulations and S-parameter
EMI analysis into EDA-native constraints.

« Industrial Impact: Demonstrated on a 4-die TSV stack with 87% slack
recovery, 11 °C hotspot reduction, and 23% eye-opening
improvement.

+ Role in AITL: A foundational PoC bridging multi-physics analysis and
EDA flows, preceding SystemDK+AITL.

SystemDK for 3D-IC Paper (PDF)

3.3 SystemDK+AITL §&3 /| SystemDK+AITL Paper (2025)
H#&GE:

« % / Content: RCIEIE - #ES « EMIZEDAT7 O—ATHfE, PIDEFSM
TEZE.


file:///home/runner/work/AITL-Strategy-Proposal/AITL-Strategy-Proposal/docs/cfet_tutorial_main.pdf
file:///home/runner/work/AITL-Strategy-Proposal/AITL-Strategy-Proposal/docs/systemdk_3dic.pdf

« EE T / Industrial Impact: BE)EH - 10T - BESoCDERETICARAIR,
EDAR VA — £ DHEIRMHAKE LN,

«AITLICH T BNMEDIT /Rolein AITL: AITLZ S XA T LERETLANILTIEA
L7=#1&TDEE

English:

« Content: Compensates RC delay, thermal coupling, and EMI in the EDA
flow. PID and FSM stabilize variations.

« Industrial Impact: Essential for automotive, loT, and communication
SoC design.

+ Role in AITL: The first result applying AITL at the system design level.

SystemDK+AITL Paper (PDF)

3.4 CFET Control 58X / CFET Control Paper (2025)

B&:E:
« AZE [ Content: B J2nmElEIC & 1T B ECIRIEIE - AESx@E, S8 F
D %= HE,

« EEHW / Industrial Impact: X FEAEXEDAT O—ICERL. 777
Y RUMERER L,

«AITLICE T BIETIT / Role in AITL: SystemDKRIR&E F /N1 X R —
JLICEBA L 7=PoC,

English:

+ Content: Compensates interconnect delay and thermal coupling at
sub-2nm nodes.
+ Industrial Impact: Directly linked to next-generation semiconductor

EDA flows.
« Role in AITL: Demonstrates SystemDK applied at the device scale.

CFET Control Paper (PDF)

3.5 Humanoid TCST X / Humanoid TCST Paper (2025)

B&E:

« A% / Content: PID+FSM+LLMIC &K B3 =B4fHlIZ b 2 —< ./ 1 RICE
&£, ZEMOE200msUA. HFARLZEM30%ME E. TRILF—315L15%H
=

[=]¢J

« EEE8M / Industrial Impact: X$E#B). NEE. THEEEICISH.


file:///home/runner/work/AITL-Strategy-Proposal/AITL-Strategy-Proposal/docs/systemdk_aitl2025.pdf
file:///home/runner/work/AITL-Strategy-Proposal/AITL-Strategy-Proposal/docs/cfet_ctrl2025.pdf

«AITLICE 1T B1iiEDT / Role in AITL: AITLDFlagship PoC,
English:

+ Content: Implements PID + FSM + LLM three-layer control in
humanoids.

« Industrial Impact: Disaster relief, eldercare, and automation reliability.

+ Role in AITL: The flagship PoC demonstrating versatility beyond
semiconductors.

Humanoid TCST Paper (PDF)

3.6 AITL on Space X / AITL on Space Paper (2025)
BH#AE:

« A / Content: Hoo%lfH1+ FSM+LLM% 22nm FDSOI FPGAIZ %, Tri-
NVMPEE TRIIB B4 Z FEfR.

- EE8W / Industrial Impact: & - @ TCORBERERZIRM,

«AITLICE T BB DT / Role in AITL: Humanoid & .35 AHL3EPoC,

English:

+ Content: Implements Heo + FSM + LLM on 22nm FDSOI FPGA with Tri-
NVM.

+ Industrial Impact: Foundation for long-term operation in space/
defense.

+ Role in AITL: A broadening PoC alongside Humanoid.

AITL on Space Paper (PDF)

3.7 SkyEdge 53 / SkyEdge Drone Paper (2025)
B&GE:

‘HZE/Content: EEERO—>0DU 7 7L Y RE&Et, HookllfHl, AIZE Y
FO—2. BRTNA X, PQCEFa ) T1E2HE,

« EEEH#K / Industrial Impact: XEBE. EREHR. BEET=-4X) V.
BA1EISRA& & 18 7E,

«AITLICEF B LB TIF / Role in AITL: ZEHISEAPoC, Humanoid + Space
L3NS B RERPOC,


file:///home/runner/work/AITL-Strategy-Proposal/AITL-Strategy-Proposal/docs/humanoid_tcst2025.pdf
file:///home/runner/work/AITL-Strategy-Proposal/AITL-Strategy-Proposal/docs/aitl_space.pdf

English:

+ Content: High-altitude UAV reference design with Hoo control,
variable-pitch rotor, domestic devices, and PQC security.

« Industrial Impact: Disaster-relief, surveillance, environmental
monitoring, defense ISR.

+ Role in AITL: An aerospace application PoC broadening AITL into air
mobility.

SkyEdge Drone Paper (PDF)



file:///home/runner/work/AITL-Strategy-Proposal/AITL-Strategy-Proposal/docs/skyedge_drone.pdf

4. KP1—E X BI5ERYTR | KPI Table & Policy Implications

| 4.1KPI—% / KPI Table

KPI B1Z / Target S2iAl{E / Result 18 / Source
& EA[0]1E / Posture <150ms <200ms Humanoid TCST
Recovery
HSRELEE / Gait +20% +30% Humanoid TCST
Stability
IRILF—3h3K/ +15% +15% Humanoid TCST
Energy Efficiency
BEREFE / Self- 20% 12% Humanoid TCST
Powering
FeFETREF / >10y @ 85°C SREF% / Validated | FeFET CMOS
Retention Reliability
FeFETTHAM / >1e5 cycles SREE% / Validated | FeFET CMOS
Endurance Reliability
EIRZNEK / Power >80% 35E% / Validated | CMOS018
Efficiency Inductor+LDO
HBERERE / =RXE / High SR / Validated | ScAIN Ultrasonic
Ultrasonic MEMS
Sensitivity
# N5 / Droplet pLk S2EE5% / Validated | Bio-Inkjet KNN
Precision
BEAMBERRE/ >100AN /5 stiE+ / Planned AITL Studies
Graduate Training
EFIZECWCEMER | =10 stHE S / Planned Policy Initiatives

/ Intl. WG Members

I 4.2 KPI153t & "2 [ Analysis & Implications

B&E:

ERMEKPIL: 8K T /N1 X (FeFET. CMOS018) . >4 —
(SCAIN) . 71> vk (KNN) (ZEBTEIEER,



« BBSHERL: £ 1 —</ A RHEITIZEZEEIZ200ms (B1R150ms) &+
PRERED. FRLEM E IRILF—RTIIEEZEZ BB,

« KEKPl: HEREFSIZ12%ICe &E D, BIR20%ICIFES Y, — BER

FICTRILEF—N—RR T VBB E,

FHER: HEAMER CERZRECWCEMIE. BERIRERE TEMD]

ab
AEo

BURRYTRE:

o TRANHIREZER (B: B2RE20%) 1 (& EIRRADIREDELREIHE T
&,

c \MBR CIZ#LIE TBEEEERIKPI LT, #BE - E¥ - ABEDE
#‘bb\\’\‘go

English:

« Achieved KPIs: Semiconductor devices (FeEFET, CMOS018), sensors
(ScAIN), and inkjet (KNN) have achieved their targets in measured PoCs.

« Partially Achieved: Humanoid control shows posture recovery at
200ms (target 150ms), slightly underachieved, but gait stability (+30%)
and energy efficiency (+15%) exceed targets.

« Unmet KPIs: Self-powering contribution remains at 12%, below the
20% target — Policy should prioritize energy harvesting R&D.

+ Planned: Graduate training and international WG participation are
feasible with sufficient policy-driven investment.

Policy Implications:

« Technological gaps (e.g., self-powering 20%) should be addressed
by targeted national R&D programs.

« Human resource development and standardization must be treated
as policy-driven KPlIs, requiring collaboration among education,
industry, and foreign affairs ministries.




| 4.3 KPI3R% 1L / KPI Visualization

%%{init: {"theme": "default"}}%%
xychart-beta

title "KPLEME (Achievement vs Target)"

x-axis ["Posture Recovery", "Gait Stability", "Energy Efficiency", "Self-
Powering"]

y-axis "EZEmZE (%)" 0 --> 150

bar "Target" [100,100,100,100]

bar "Result" [75,150,100,60]

5.AITLICK BEER « BEEADFZ [ Industrial & Policy
Impact

| 5.1 %553 DEM / Contributions by Sector

EE¥HFF [ Sector  BHHEAKNZ / Contribution | BUEAIES / Policy Significance

HE(K/ B 72nmEEEt O ERE - BERLERE - BiTFEEOER

Semiconductor HSRBEDHE

BEE / BHSoCoZeM « 1KH BEEHRNZe M. J)—2 kS

Automotive Bt YARTF—X—2 3> (GX)

ORw k~/ KEWE) - NEEXZE - T HEHOARRE - St AOXIS

Robotics HBEENL T DR EFIH

& / Medical Pb> 1) —MEMS - Bio- StEn. REREES
InkjetiC & 2 E&IGH

FH / Space FEECEEDRIR®E FHEZERE. EFiRH0FE
EH

I 5.2 S¥4lfRsN | Detailed Explanations
BAE:

« (K AITLIFSystemDKEEE I NS Z & Ty B 7 2nmit ISR a7
IS - RCEEEDEBEZRIRL. 77UV RUDSEEOREICFST
%o CHUSELD, BHAEIF DRt EAHEREIEE) 2EETET 5,

- BEE: EHSoCOE I ML ZEeM®(bid. BEEEL - EVOERICER
T3, FHIBARECEIE— V% K EHIE THERTRE

ARy b KERBOEMENEICE VT 200msUHDEZEEIE TR
2fRiE) ¢ L TBERMICERRZ Do



« EfE: Pb 7 1) —MEMS*°Bio-Inkjetid. EUDIRIERF (RoHS) IEE LD
D, T BEET /N1 A5 ZRHET %,

< FH: REIIBE®EAZ R L AITLIE. BEEY/NREZFEICE T Z2EE
BATEARDEFERZEH S

English:

« Semiconductors: By integrating AITL with SystemDK, challenges of
thermal coupling and RC delay at sub-2nm nodes can be mitigated,
improving foundry yield. This positions Japan to lead the “next-
generation semiconductor design standard.”

« Automotive: Enhanced safety and energy efficiency of automotive
SoCs directly impact autonomous driving and EV adoption. Thermal
runaway and power peaks can be compensated via integrated control.

« Robotics: Posture recovery within 200ms ensures reliability in disaster
response and eldercare. This KPI translates into policy-level guarantees
of safety.

+ Medical: Pb-free MEMS and Bio-Inkjet align with EU’s RoHS
environmental regulations, while opening new medical device markets.

+ Space: AITL’s demonstrated long-term autonomy strengthens Japan’s
role in lunar and asteroid exploration, contributing to international
cooperation.

I 5.3 Bi5RAYRE / Policy Implications

B 4s5E:
cHEK - BEE - FHIZ IRERERFRE - BRER) ¢ LT, BEHEERED
BEMREIANE,
cORyY b - EfEIF THAEFEMRR LT, BEHE - EEE - XREDE
ENNE,

« BERXETIE TAITLIZGX « DX « BARRDORRICH D1 LA IR,
English:

« Semiconductors, automotive, and space should be prioritized as
“economic security and national infrastructure” targets for policy
investment.

+ Robotics and medical sectors should be positioned as “social problem-
solving” domains, requiring coordination across ministries (Health,
METI, MEXT).

« Policy documents should emphasize that “AITL lies at the intersection
of GX, DX, and economic security.”



6. 8B - A#MBHK /| Education & Human Resource
Development (HRD)

| 6.1 AITL% 4828 | Concept of “AITL Studies”

B&E:
AITLE (IR#FR) (. BIENIESE - AISEET « BRI ET ) > 7 Z BImICRE I %
FEREEE OIS LTHD. (KD MHETE) » FEERTFTNAXIHE) %
#Z T. PID * FSM ¢+ LLM * SystemDKZ i aMICERIMERZIRMH T 3,

English:
“AITL Studies” (tentative name) is an interdisciplinary academic program
integrating control theory, Al design, and physical constraint modeling. It
goes beyond conventional “control engineering” or “semiconductor device
engineering,” providing a comprehensive curriculum to study PID, FSM,
LLM, and SystemDK together.

I 6.2 {€L5R#EH Y ¥ 2 5 Liffl | Example Master’s Curriculum
B#:E:
- BERB:

o AITLERE (PID « FSM « LLM#S)

o SystemDKAF] (8- 5 - BIR - EMIOET) > Y)
o HITEIEFRIGH CERGIE - /N ~HIE)

o HW(KT /N1 XEREHEER (Planar~CFET)

- EREH:

o Ea—< /1 REIEES
o FHY AT LHIHEE (FPGAR—X)
o EEtEA{T—2 > 3w (IEEE/ISO)

English:
« Core Courses:

o Fundamentals of AITL (PID, FSM, LLM integration)

Introduction to SystemDK (modeling of thermal, stress, power,
EMI)

Applied Control Theory (adaptive & robust control)

Overview of Semiconductor Device Design (Planar to CFET)

[e]

[¢]

[¢]



Elective Courses:

o Humanoid Control Practicum
o Space Systems Control Lab (FPGA-based)
o International Standardization Workshop (IEEE/ISO)

| 6.3 18+3842H 1 % 2 5 L/ Example Doctoral Curriculum
B#:E:
- FARER:

o AITLISAFZE (PoCT—<ICED <)
o SystemDKEREHELE (EDAKES)
o {EE(ETE (WGEM - IREEER)

- ERBIE:

o PoCICERE T BamXFER
o EFIRELWCADERK
o ERFR L OHRMFERE

English:
« Research Modules:

o Applied AITL Research (PoC-based themes)
o SystemDK Design Practicum (EDA integration)
o Standardization Practice (WG participation, drafting proposals)

+ Expected Outcomes:

o Publications directly linked to PoCs
o Contributions to international standardization WGs
o Collaborative research outcomes with industry

| 6.4 Fi®4518 | Expected Outcomes
HZ:E:

« FEL100ZFRDEL - BLAMERK
- EFHREOEEFEZZSMEEN
«AITL PoCL E#EY BRI AMDEH



English:

+ Training of ~100 master’s and doctoral graduates annually

« Increased participation of young researchers in international
conferences

« Production of industry-ready talent directly connected to AITL PoCs

7. % 0O— F< v 7/ Policy Roadmap

| 7.1 24k0— K< v 7/ Overall Roadmap

timeline
title AITLEAO—RFYw Y / AITL Roadmap
2025-2026 : EAZR&D (AITLE, SystemDK ahlk) / Foundational R&D (AITL Studies,
SystemDK «)
2026-2028 : EMAWGERIL, PoCiiA / Domestic WG Formation, PoC Expansion
2028-2030 : >V —>7 L, SREFHIE / Consortium, Certification Systems
2030-2032 : EMEE#{LEE / International Standardization Leadership
2032- : BEEMICLZTHIHER / Market Deployment via Standards

| 7.2 BAFERI5I D182 / Roles of Government Agencies
B#:E:

SREEEA (METI): 38 - §81E - 0Ky MEEPoCOXLE. EIRWG
DERBMEEZE S, EERADEENLHA RSA>DORL,

« XERIFE (MEXT): AITLEE RERA U F 2 S LICEAL. EHHFEL
RNILDAMERZ TE, HE - MEERORFEETHE,

« 94954 (MOFA): EfRIZE{LWGTOERRNR T S 3 V#13. ISO/IEC - IEEE
RETOARRSEIEY,

« $5F54 (MIC): loT - BIEDFDPoCHIERHE. BB - H1/N\—tFx2
) 74 & DEE,

- HERT (CAO): BBLZEMRME - GXHEED—IRE LTAITLEHE /NN r—2
1bo FREHBRAERIC & B IERTRYERE % .

English:

« METI: Support PoCs in semiconductors, automotive, and robotics; act
as secretariat for domestic WGs; issue industrial standardization
guidelines.

» MEXT: Introduce AITL Studies into graduate curricula; lead PhD-level

human resource development; strengthen education and research
infrastructure.



» MOFA: Secure chair positions in international standardization WGs;
conduct diplomatic negotiations at ISO/IEC and IEEE meetings.

« MIC: Establish institutional frameworks for loT/telecom PoCs; link with
spectrum and cybersecurity policies.

+ CAO: Package AITL into national strategies under economic security
and GX; conduct cross-ministerial coordination through the Strategic
Headquarters.

I 7.3<Y1ILA k=2 [ Milestones
BAE:

«2025-2026: AITLERA B 700 5 L%z Fta. SystemDK ahkZz 225,
«2026-2028: EIWGEERIIL . EFEEE TPoCILK,
+2028-2030: FREEHIEZERET L. EERI> Y —2 7 LZ .
+2030-2032: ISO/IEEEFZ# L TEEREZ HiE 7,

« 20324%: 12 ICE D < /O — NIV THIZERZ #IE,

English:

+2025-2026: Launch AITL foundational education program; release
SystemDK a version.

+2026-2028: Establish domestic WG; expand PoCs via industry-
academia-government collaboration.

+2028-2030: Develop certification system; form industry consortium.
+2030-2032: Aim for chairmanship in ISO/IEEE standardization.

+ Post-2032: Promote global market deployment based on international
standards.




8. iZFEshRHE | Economic Impact Estimation

I 8.1 EEitE / Quantitative Estimation (2030)

FEEZ5EF [ Sector | UIX#E / Revenue (¥Bn) | HUiEZIR / Savings (¥Bn) | Eiill / Exports (¥Bn)

FE(K/ ~30 ~12 ~10.5
Semiconductor

ARy k/ ~24 ~9 ~6
Robotics

& / Medical ~12 ~3.8 ~2.4
F8 / Space ~4.8 ~1.6 ~2.9
A5t/ Total ~70.8 ~26.4 ~21.8

| 8.2 ®EE53#7 / Sensitivity Analysis (2030)
B&E:

« Upside Case: EF1Z#({t % F3E — +40%M K. 1000EAFRIEAILK,
« Downside Case: 1Z2Z1LBEE — -30%#E/)\. S500EMHRIEICE &% B,

English:

+ Upside Case: Lead international standardization — +40% growth,
expanding to ~¥100B scale.

« Downside Case: Delay in standardization — -30% contraction, limited
to ~¥50B scale.

| 8.3 @484k / visualization

%%{init: {"theme": "default"}}%%
xychart-beta
title "AITL Economic Impact by Sector (2030)"
x-axis ["Semiconductor", "Robotics", "Medical", "Space"l]
y-axis "¥Bn" 0 --> 40
bar "Revenue" [30,24,12,4.8]
bar "Savings" [12,9,3.8,1.6]
bar "Exports" [10.5,6,2.4,2.9]

ER

~900

~960

~420
~120

~2,4



9. Elf2{E#E{L > F ) # [ International Standardization
Scenario

| 0.1 ERziEsE (L DES 1% | Importance of Standardization

Bas5E:
AITLIE T4 - Al - BSOS E VWO H—E - OEFEEIFD, iz ERIE
ETUBIITRIICED. BRISEMBEXRIIL. EEXRICE->TH MH
BBAZN] #AARTETHRETE .

English:
AITL is unique in integrating control, Al, and physical constraints. Establishing
this in international standards allows Japan to secure technological
leadership and define “market entry conditions” for global industries.

| 9.2 3459~ S1E#(L1E | Relevant Standardization Bodies
BZ:E:

+«ISO/IEC JTC1 (Information Technology): Al. A N\—T 4P HIL> X
7 LBEEREE,

« IEEE CASS (Circuits & Systems Society): AITLOF B[S ICER.

« IEEE PELS (Power Electronics Society): EBF#E - TRILF—/\—RZX
T 2T B,

« IEC TCAT (¥ E{FF /N R): CFETX® SystemDKRES:&E,

English:

« ISO/IEC JTC1 (Information Technology): Standards for Al and cyber-
physical systems.

« IEEE CASS (Circuits & Systems Society): Directly relevant to
semiconductor applications of AITL.

« IEEE PELS (Power Electronics Society): Covers power efficiency and
energy harvesting.

« [EC TC47 (Semiconductor Devices): Relates to CFET and SystemDK.

| 9.3 BADEw B A S8l | Strategic Tactics for Japan
B#:E:

« %580 (2025-2026): PoCRL R = B ICIEEEEEREZ TAITLE v > 3 V&= H
(i3



« Aff (2026-2030): ISO/IEC JTCLICIREE ZIRH L. WGH#E - Rz HE

Ro

- RHA (2030L4B%): TAITLEFREZE) ZHIE L. BEAEXRICENZBHIHZEA
Sz,

English:

« Short-term (2025-2026): Host AITL sessions at IEEE international
conferences, presenting PoC results.

+ Mid-term (2026-2030): Submit proposals to ISO/IEC JTC1; secure
secretariat/chair positions in WGs.

+ Long-term (Post-2030): Establish “AITL International Standards,”
creating favorable market entry conditions for Japanese companies.

| 9.4 T1#81t / Visualization of Standardization Path

flowchart TD
PoC["AITL PoCs<br/>3iERR"] --> Conf["EEREE<br/>IEEE Sessions"]
Conf --> WG["ISO/IEC JTC1l WG 323 <br/>WG Proposals"]
WG --> Chair["BAZERRT S 3 #18<br/>Chair Secured"]
Chair --> Std["AITLEME{EZ#ESIE<br/>Intl. Standard Established"]
Std --> Market["mMiHBAZEM<br/>Market Entry Conditions"]

10. E5IEHEER : SystemDK with AITL / Strategy for Global
Leadership: SystemDK with AITL

| 10.1 E#88g / Core Strategy

BH#&GE:
AITLZERER Y LTAEDIT. SystemDKE DB EXICIEX D, POCRIR%
EFZRELICERSE. BEAD TKiiEHEiE ¢ AR2RE] OmAZRERIC
HRT %o

English:
Position AITL as national infrastructure, with SystemDK integration at its
core. Link PoC achievements directly to international standardization,
enabling Japan to secure both “technological leadership” and “economic
security.”




| 10.2 FF3ID1E% / Roles by Ministries
B#:E:

« RTEH (METI): &K - BBE - OR v FEZETOPoCHE. ERIZE2L
ICERTIEENTRS1 VEE,

« XFEE (MEXT): KERHBADAITLEA, B1HEEAEEDOEEIRE,

« 9554 (MOFA): EESE TONRER). 1ZE(CLWGICHIT 2ERER.

« $8%5E (MIC): 10T - BEAFOFHIEXR. BF - t¥a )71 BERLOR
Pa

 NERT (CAO): GX - DXEXE& & DEHE, #ERTRVEAEEEEE.
English:

« METI: Promote PoCs in semiconductors, automotive, and robotics;
issue industrial guidelines linked to international standards.

« MEXT: Integrate AITL into graduate programs; dispatch doctoral
researchers abroad.

+ MOFA: Lead diplomatic activities at international conferences; secure
chair roles in standardization WGs.

« MIC: Support loT/telecom institutional frameworks; align with
spectrum and security policies.

+ CAO: Coordinate AITL within GX/DX strategies; act as cross-ministerial
hub.

| 10.3 £ RD%EE / Role of Industry
B#:E:

<R PE: CFETHIE - EDAY O—#& TSystemDK with AITLZ A,
- BEIE X —H—: EHSoCICHIT BAITLEIEERE L. HENEELOEEMY

ZME L,
« ORw FESR: KEKE) - MEDHFT 1200msEHE1TE] ZRMBHICEK
Fo

- FHEX: RIIBEERAITLZ RFHEHFEICFIA.
English:

« Semiconductor companies: Adopt SystemDK with AITL for CFET control
and EDA flow integration.

+ Automotive OEMs: Implement AITL control in automotive SoCs to
enhance reliability of autonomous driving.



+ Robotics industry: Incorporate “200ms posture recovery” as a product
requirement for disaster and eldercare robots.

« Space sector: Apply long-term autonomous AITL systems for deep-
space exploration.

I 10.4 HBEHR D1%E / Role of Academia
BAE:

CKEBRICATLE R EA Ly B - B L AILOAMEEBI0AFETE
o

ERFER - FECWGICEF = R/BAYIRE,
s EFEHEIC K HPoCEBRE Z &5t

English:

« Introduce AITL Studies into graduate programs, producing ~100
master’s and PhD-level experts annually.

« Actively dispatch young researchers to international conferences and
standardization WGs.

+ Develop PoC-based practicum courses in academia-industry
collaboration.

| 10.5 #B5D#E34 / Strategic Conclusion

BAEE:
AITLEEMEEBE (X, SystemDK with AITLZF%ICIEX . &T « E% - HERZHK
BI3CT. BXD THHERRINSERER ) NCRET I EHZHE<.

English:
The AITL leadership strategy places SystemDK with AITL at its core,
integrating ministries, industry, and academia, charting Japan’s path from
“research achievement to national infrastructure.”

11. Appendix: 20255 F8:EH 5T / Related Works (2025)

I 11.1 fi&J|¥ / Positioning

B&:E:
UTOMERRISAITLAREICITE FNHR VD, BIER#TOBLCEEIERS - X
HETFNA ZADRLEERICET S, AITLO TRDREMEE £ LT, EEHBRY
BRI R R EH#E T %o



English:
The following research outputs are not part of the AITL core but contribute to
strengthening existing technologies and ensuring safety in medical
devices and next-generation electronics. As “peripheral technologies,” they
complement AITL’s industrial applications and policy impacts.

I 11.2 B9EAIE—E / List of Related Works
« Historical Case Study: 0.25-pum DRAM & VSRAM (2025)

o NZA:0.25um DRAMIL5 LkIf ¥ VSRAMEERE = EHIHAZE. &
BEDOHRE. FR#EN. ENTILICHADOEENEZZEIE,

° Content: Case study of 0.25 pm DRAM ramp-up and pseudo-
SRAM mass production, including yield-improvement cycles and
mobile application impact.

o Bt BEENFEARTOLIBE - HENHIIZRM,

° Contribution: Provides historical insights into semiconductor
process transfer and educational lessons.

« Historical Case Study on Ti Silicide (TiSiz) Reliability Issues (2025)

° AA:0.25um CMOS / — RICH T B TiSiAHELR AL E M = 7
Mo RFTT DCAI—>CHA4ZERE L BIRIND BFrREM AR Y b 25| Ei
C L. 1Mbit SRAMBE F D 2B T T B /- EHzEIE,

° Content: Analyzes TiSiz2 phase-transition instability at the 0.25
um CMOS node. Incomplete C49—C54 transformation with
boron absorption created localized high-resistance spots,
reducing 1 Mbit SRAM yield.

° ik TRYORA. BE - BARNNE (TyvFYI&HRE
{t. RTARKIE) ZIRTL. BEELRT—U 2T DORERZHEN
ISR,

° Contribution: Highlights redundancy limitations, provisional/
permanent countermeasures (etch tuning, RTA optimization),
and educational lessons on scaling vs. reliability.

+ Process-Based Differentiation for Analog CMOS (2025)

o A IEEMKR. VIl R—EVImEL. BIEEREESIE. KX
7Z—=)b. TNAREAZEAEDE. 0.18um CMOSTL/f/ 1 X
Z50%U 1R, REEF25-125°CH L U85°CT1000hDRHEAE
FE14% %= 323

° Content: Combined epitaxial substrate, optimized well
doping, oxide thickness control, hydrogen anneal, and device


file:///home/runner/work/AITL-Strategy-Proposal/AITL-Strategy-Proposal/docs/dram_vsram_history.pdf
file:///home/runner/work/AITL-Strategy-Proposal/AITL-Strategy-Proposal/docs/tisalicide_case.pdf
file:///home/runner/work/AITL-Strategy-Proposal/AITL-Strategy-Proposal/docs/cmos018_noise.pdf

geometry to achieve >50% 1/f noise reduction at 0.18 um CMOS.
Demonstrated robustness across 25-125 °C and long-term
stability at 85 °C for 1000 h.

o HBECEE-tIY - -BHT7FOJBRICERT. TOEARE
b7 FO7MEZRU DT HENERZ T,

° Contribution: Shows value for biomedical, sensor, and
automotive analog, while emphasizing educational significance
of linking process optimization to analog performance.

« FeFET CMOS Reliability (0.18pm) (2025)

o  [NR:FeFETZZ#0.18um CMOS7 Ot RIC+1INV XU THRE
L. RESFE C AL Z =8,

o Content: Integrated FeFET into standard 0.18 um CMOS
process with +1 mask, measuring retention and endurance.

o Bk MERMUAEVIGH (SRAMNY O TF7 v £Fa7+—
*®1F) ICBEWT. EXAORIBERIEZ R,

o Contribution: Ensures long-term reliability for non-volatile
memory use in loT and automotive.

« CM0OSO018 Inductor+LDO (2025)

o WA:0.18umCMOSICHA Y F v IS I X— b VR IR EHRE
L. N1 7w FBuck-LDOT@E#hE - B/ 1 ABR=EER,

° Content: Integrated laminated on-chip inductor with Buck-
LDO in 0.18 pm CMOS, achieving high efficiency and low noise.

o Hfk: BEE - loTHSRTHMIIT A A IR MKFZEIRL. BEL
- BRItz AIREICT B

° Contribution: Provides competitive power supply
architecture for loT/automotive SoCs.

« Inkjet Tutorial: Principles, Materials, and Emerging Applications
(2025)

o ABmAVIT v EEMZHENICEE, 7OFaT—>3Y
[RIB. BEERYEE. 1IN S XTLIZE. 7N\1 BE.
et - BBITFA BAZLEa1—,

° Content: Comprehensive tutorial on inkjet technology,
covering actuation principles, droplet physics, ink materials,
system engineering, device structures, design/analysis, and
applications.

o HELPbTU—EER. BEEERS. TIOXILYA T NAFHR
BRESEOFANZRL. HE - AREBZRMH,


file:///home/runner/work/AITL-Strategy-Proposal/AITL-Strategy-Proposal/docs/fefet_cmos018_reliability.pdf
file:///home/runner/work/AITL-Strategy-Proposal/AITL-Strategy-Proposal/docs/cmos018_inductor_ldo.pdf
file:///home/runner/work/AITL-Strategy-Proposal/AITL-Strategy-Proposal/docs/inkjet_tutorial.pdf
file:///home/runner/work/AITL-Strategy-Proposal/AITL-Strategy-Proposal/docs/inkjet_tutorial.pdf

° Contribution: Outlines future directions (Pb-free
piezoelectrics, digital twins, bio-integration), serving as a base
for research and education.

+ ScAIN Ultrasonic MEMS (2025)

° AZA:Pb7 1) —ScAINZ FBULW-MEMSEBE K 77 L 1 Z65nm SiGe
CMOS L SIPTHG. RiEHERE U HICIRE,

o Content: Pb-free SCAIN MEMS ultrasonic array integrated with
65 nm SiGe CMOS via SiP, proposed for next-gen medical sensors.

o Bl REAMETSEELERAEE Rt Vi ZiET.

° Contribution: Presents eco-friendly, reliable approach for
medical ultrasonic sensing.

« Bio-Inkjet KNN (2025)

o HWEIMITU—KNNFZIFa2I—2ERNNAFT10T Ty
b ZiIRE, £50vTEID v MLIKREERKZ ESE.

° Content: Proposed Bio-Inkjet with lead-free KNN actuators,
generating picoliter droplets under =50 V.

o HELMRNZ—Z2IRRINIVBETLAANDIGEZEEL.
RIRE MR = 5.

° Contribution: Demonstrates biomedical applications with Pb-
free materials, ensuring safety and eco-compliance.

- LPDDR+FeRAM Integration (2025)

o RNEEHEEZ/LPDDRE NERMFeRAMZE F v T L v MRS
L. BB/ CIER R N1 ENZEIR,

° Content: Hybrid memory combining low-power LPDDR and
FeRAM chiplets, achieving instant resume with low standby
power.

° Hik: loT/EHEIFICEEEN OEEEBRXE) 7—FTIF v
ZRTo

° Contribution: Improves energy efficiency and retention safety
for embedded/automotive memory.

+ Post-CFET Device Architectures (2025)

° ABRINCFETTNA X% SUEHE. 2DMHIFET. €/ U
Svo3D. REYFAZY R, BF ATOKEZLE L. 2030-
20450— KX v 7212,


file:///home/runner/work/AITL-Strategy-Proposal/AITL-Strategy-Proposal/docs/scaln_ultrasonic.pdf
file:///home/runner/work/AITL-Strategy-Proposal/AITL-Strategy-Proposal/docs/bioinkjet_knn.pdf
file:///home/runner/work/AITL-Strategy-Proposal/AITL-Strategy-Proposal/docs/LPDDR_FeRAM.pdf
file:///home/runner/work/AITL-Strategy-Proposal/AITL-Strategy-Proposal/docs/post_cfet.pdf

° Content: Survey of post-CFET devices: 2D FETs, monolithic
3D, spintronics, quantum, and heterogeneous integration, with a
2030-2045 roadmap.

o Efk: MH - £FE - (S5 - EDASREZHRE L. BENESDE
HT-RIAO— RY v TZigl,

o Contribution: Provides integrated roadmap of material,
integration, reliability, and EDA challenges, with educational
perspective.

| 11.3 EsEryHsERHR / Policy Complementarity

B sEE:
NS DAZEIL. AITLOFULTH S THIE - Al - YIBEISS) ICIIEESE
nanh. RFREIGE. EERZSE. FEFREHEMEE V- BENEKRICRE
T3, AITLIZEL L MTLTHET B3 28T, BEAROEBN L E Y XA =/ERT
Do

English:
While these works are not part of the AITL core (“control-Al-physical
integration”), they directly address policy requirements such as environme
ntal regulations, medical safety, and semiconductor reliability. Advancing
them in parallel with AITL standardization strengthens Japan’s international
presence.

12. #%5% / Conclusion

I 12.1 EEBRAYEESR / Strategic Conclusion

BAEE:
AITLV5.7 (B5RhR + SystemDK with AITLH%%) (&, PoCRAEICE S ZD>DE
PR B TIRRL. BHERHNESEREL-ERYETH 5.

o EEER: IR - B X ME - FTHIBRIH Z RIR,
<HER: FRL100BFEDAITLAMZER L. EFEELEHICER.
o« BUER: KPIR—Z DIZEEA(L, - BB L2RE - XN Z BRI CHEE,

AITLIE TERZERRR1 H'5 TEIRERE ) NOFFEZDEEICL. SystemDK with
AITL %@ L CEIFZZEMZFE T 3 T, BROEMBIERILICES T 2,



English:
AITL v5.7 (Policy Edition, with SystemDK at its core) is a strategy document
that reinforces policy significance by presenting international
comparisons upfront while being grounded in PoC evidence.

+ Industry: Achieves design efficiency, cost reduction, and creation of
new markets.

« Education: Cultivates ~100 AlTL-trained professionals annually,
directly engaged in international standardization.

+ Policy: Advances KPI-driven standardization, economic security, and
GXinitiatives simultaneously.

AITL enables the transition from “research achievements” to “national
infrastructure,” and through SystemDK with AITL leading international
standardization, contributes to establishing Japan’s technological leadership.

| Figure 1. EDA#& 70— (SystemDK with AITL)

flowchart TB
subgraph EDA["EDA Flow"]
PDK["PDK"]
LOGIC["Logic"]
PR["P&R" ]
LVS["LVS/DRC"]
STA["STA"]
GDS["GDS II"]

PDK --> LOGIC --> PR --> LVS --> STA --> GDS
end

subgraph SYS["SystemDK Analysis"]
TH["Thermal"]
ST["Stress"]
EMI["EMI"]
DL["Delay"l]
end

subgraph AITL["AITL Control"]
PID["PID"]
FSM["FSM" ]
LLM["LLM"]

end

STA --> SYS
SYS --> AITL
AITL --> LOGIC



| 12.2 B#& X v+ — [ Final Message

BAEE:
AITLIZEZR 2R TIE7A <« HIE - Al - ¥IREIZ ZG— A THRE LI
LLWEREETHD. ChzBEANKRETNE. KE=AFEH. EU=1EE. F
E=AKHRRAIEEZE VWSBHEAICKTH L. THAR=AITL with SystemDKJ & \L\5
MEORBZRS, EOFEEHILTT 3,

English:
AITL is not merely a research output but a new national infrastructure
integrating control, Al, and physical constraints. By taking the lead, Japan
can establish a unique quadrant—“Japan = AITL with SystemDK”—standing
apart from the US (Al control), EU (ethics), and China (large-scale Al
platforms), thereby securing true leadership.
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