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NCHC & Top500
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TalWan Advanced Research andEducation Network PP

A Optical dedicated bandwidth inisland  z Sharing network fiber witTANet
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Supercomputers, Network, and ID@nternet Data Center)

HPC & cloud
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User profile (2026)

A 1 k+project groups and.1 k+users:
~ 80% NSTC
~ 20% Gov,
< 1% Industry (by usage)

A NSTG@omain usage breakdown:
~40 %Math/PhyChem
<30 % Engineering (Material/§émcon)
~ 26 % Environments, Others
~ 5 %Biomedic

HPC In services:

A Nano4
a 81.5 PF8*220 H200,37 GF/W ,PUE~1.18
a Top 29 and Green 73 @ Nov 2025

A Nanob
a 13 PF296 H100/H20030 GF/W ,PUE~1.25
a Top 118 and Green 73 @ Jun 2025

A Forerunner (CPUbased from ASUS)
- 3.4 PK 62k-core,5.7 GF/W PUE~1.35
- Top 222 and Green 92 @ Nov 2023

A Twnia3 (CPU)
A Twnia2 (GPU)




Applications

A Climate, Weather & Environment
A Health & Biology

A Material, Energy & Chemistry

A Engineering

A Space, Plasma & Physics

A Al, Quantum computing
a New paradigms and challenging HPC applications.

Challenges of our time, from environment and health,
to the global sustainability and explorationuiknown



Research& Platform Services

A TCCIP (Taiwan Climate Change Projection Information) Adaptation Knowledge Platform

A Smart city, 3D GIS, Civil loT Taiwan

A Ocean negative carbon research platform: from seismic reflection data portal to CCS simulation
A Sustainable Health Big Data Platform ( ) & Taiwan biobank ( )

A GIS for precision agriculture

A Material platform (adv structural materials based on higkentropy alloy) & Semiconductor research
A PCB warpage analysis & Cloud platform

A Render farm

A Nuclear fusion simulation for FIRST

A WLCG/IGWN Grid computing

A Taiwan Al RAR Sovereign Al and Al democratization, Multilingual Indigenous Language Al/LLM

A Quantum computing...



- Talwan Climate Change Projection Information &

Adaptation Knowledge Platform

- Planning and operation

- Integrate academic research capability

+ Cultivate talents

Government (L
min 0.

Department ATTH

Research
Integration

/Nérc

RCEC, Academic Sinica, Central Weather Bureau,
National Academy of Marine Research,

Taiwan Agricultural Research Institute,

Forestry Research Institute,

Fisheries Research Institute,

Livestock Research Institute,

National Science and Technology Museum,
National Health Research Institute,

National Applied Research Laboratories

NCDOR

51'7

Change Evaluation and Analysis
Internatlonal :

ipcc \O
Connection

International Data Interface
AN

CMIP / CORDEX \O & I) :
7

Experience Exchange /O

SENTAN (Japan)
GERICS (Germany)
ARA(UK)

TEAM1 TEAM2

Data Generationand | A~
Trend Analysis

Application

Impact and Adaptation

Universities

and Colleges

National Taiwan University,

National Taiwan Normal University,

National Yang Ming Chiao Tung University,

National Cheng Kung University,

National Kaohsiung University of Science and Technology,
Chinese Culture University, Chang Gung University,
National Taiwan Ocean University,

National Ilan University, National Chiayi University

Adaptation Policy

Government

Climate Technology and Research Support

Change Service O/ Research
;Z"g Q\ Sectoral Application
Industry

PopularScience
Public

TEAM3

Climate Change Service and
Application Promotion

A The 4-th phase TCCIP (2009~)

strengthen crosslevel and crosssector
adaptation applications to support
SDGs.

A Respond to climate emergency and

enhance systematic resilience of Taiwa

A NCHC inTeam3:

a Information outlet & Web services

a Promote and operate climate
change servicest integrated
platform, data store and adaptation
resources Kit.

Core members: Steven Shiau
Jen-Gaw Lee , Tzumin Chuang

https://tccip.ncdr.nat.gov.tw/



Smart city& Urban governance

A Predictive traffic analytics: 3dminute road condition forecast.

A Smart policing: multimodal street video recognition for surveillance footage; LLMided investigation.
A Accuracy Championshipf ICCV 2025 Al City Challenge

A TaichungCity: Recognized with2025 Excellence in City Governance Awatdy CommonWealth Magazine
(= t)

8 | Project of Smart City, NCHC Taiwen, FP Team
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3D

GIS Platform, Building Info Modeling (BIM) & Digital twin

A Integration of BIM and Al in public construction management.

v

a

Taichung Dome( A ): Construction safety evaluation and planningeal-time safety regulation monitoring.

A Accelerate GIS adoption and development for public sector.
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Bureau of Cultural Heritage Digital twin of LukangLongshan Temple
Penghu county digital harbor. 2024 Smart City Innovation Application Award

10



Cloud-based smart point cloud processing

Achieved95%+ accuracy over public Oakland 3D dataset.

Recognized with2021 R&D 100 Awardnd
Platinum Award at 2023Taiwan Innovation Expo Invention Competition.

Innovative analysis of seismic data for geological carbon sequestration technologies

Point Cloud based Al seismic data interpretation pue-

NS N\ %
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Core member: Ming -Jen Wang
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G IS fOr preC|S|0n ag rICU Itu re Agriculture Spatial Information Collaborative Platform

of Ministry of Agriculture

-S| I ifi I o o . a5 BREEXRAKEIRMEBEAPP
A On-site crop image classification; __ ... AmsmmmnRmmem % ¥ o MERZAGER
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P
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a  Field surveys ,
a 31 models/cropsw/ sparsetraining sample F==5tea &

A Grape disease diagnostic

a  Classification of Grape Rust,
Thrips infestation, and general pathologies

LT Y T

:57:24
T 3259%
3978790

| NI TS
| * EE e
EFEAPP_!

HEARE

o |

A GPS tracking, LP recognition, and Geofencing
a  Trace pig transport vehicle for epidemic management
a  Transportation auditing

Gpm;'“?i--mw/’—/_;f_\xf;’,’;@;\_@f?% NPT ===
R BEGRRREME, OO0 . H o000y
J nter 5 /00 O mmp !
\ - 0_____@_7,0\ I\ °o°°r.-. ;o
Track2®“ @'t\\m ___,’I - "\oo __//, W
GPSHEFAIBE ]| B et [ O | )
A Web/Al APIs integrated into Agri Field Survey Management ( O "H E ) and
Transport Vehicle AuditSystem (3 EE=)
A Collaboration with Agri. Tech. Res. Ins., NCKU, NTU Core member: Yi-Liang Shih
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Sustainable health big data platform

: : Ny .
A React to the nationatwide goal to create reatworld data PRARRER R FARRLBR ﬂf\v;ﬁ;
g ¥ & - .E ﬁcéa f'!:: % & ;{g;-. Q% ‘kﬂm %% %
ecosystem that facilitates data exchange and utilization @ 2rnsvy @ SERIERELD el
. . 3 % RER,
for medical fields. MoH, MoE, NSTC) - RS 1< %?ﬁ‘*‘ﬁﬁ*%ﬂ‘ T

%W!&J@J&‘%

MacKay Memorial Hospital

%fﬁ%'ﬂ’ﬁi%

1111111111111111111111

A Standardized data integrationand high-volume
interoperable storage services

and digital pathology with automatic/manual quality checks.

a Collaborated with 7 medical centers to standardize EMR
formats and h | h Data Schedulin nternationa
data exc a}r.}ge protocols under the~ast
Healthcare Interoperability ResourcegFHIR) framework. MR E —? = )
a 1S027001, 27017, 27018, and 27701 certifications I #ﬁ /I?IigllngR‘
sequence S : = 77A
-
A Long-term partnership with Taiwan Biobank  JEEl i =z

Core member: Yen -Jen Lin

5 Build data repositories forEMR, medical imaging, genomics,

Precision Clinical Drug ' Health
Medicine Research Development Management



Materials Al platform & Agentic workflow

) %
1. Task Analysis & Intent
Recognition
Identifies query intent and determines
required capabilities (knowledge retrieval,

computation, structured data access, or

hybrid reasoning). SQL DB Query

Data Explorer & Warehouse
Machine learning |  Data warehouse

Tool warehouse

Data Explorer

A SOQL DB with multi -level IAM
A Retrieval and Filtering by Composition, Structure,
and Properties

2. Task Decomposition &
Modular Orchestration

Decomposes into sutasks and dispatches to
appropriate modulesRAG Retrieval (Literature/
Knowledge Base); API Call (Calculation Modules);

The Al Agentic Workflow (Intelligence Layer)

y &2

3. Evidence Integration &
Logical Reasoning

crosssource inconsistencies.

The Cloud Ecosystem (Infrastructure)
ML Environment

i '
ITME
Ty I I

l'n.---! K ;'

A No-code training and validation (Scikit  -learn/ AutoML )
A Feature engineering and Correlation analysis

reets 0LITNMRDEE

_Q ooy
4. Structured & Explainable
Output Generation™

Aligns and synthesizes heterogeneous outputs, Produces a structured,.logically coherent, and
performs multistep reasoning, and resolves

comprehensive analysis report, via chatbot.

Tool Warehouse

Rnalysistaols ¥

® @B

Impact Calculator Data wisuaizion Data Profiling Faature Feature.

HEMs chatbot
(S
[P

HEM Knomiledge
enatbor

A Preprocessing, Visualization & External analysis programs
A Social impact calculator and LLM knowledge base

Eg, High-entropy alloy-based adv. structural materials.

Core member: Wen -Jay Lee 14



Al for Semiconductors

—~ Data-driven exploration
@ A Harderhigh-entropy alloy

A ML to find additive molecular for Li battery

ML Explore the
Database preparation Feature Select Training unknown

a4
S
%" =
.'.\, — —_— s R '
L) . ot T Oy
A
T S e
- -
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Reliability prediction
A Early detect 3BC structural weakness
A Rapid prediction of battery life

OB

Good Failure Failure Failure

) NEZAY
Core members: Wen-Jay Lee,An-Cheng

Yang, Nan-yow Chen, Kuan-Peng Chen

Process optimization
A Improve multistage manufacturing of
HEA and power device

s I s s a—

(a) Prepare wafer (b) Grow oxide (c) Apply photoresist (d) Align mask
= Silicon
m Oxide
O Photoresist
= Mask
m Doped area
(e) Expose to UV-light (f) Etch oxide (g) Dope wafer

Al-aided design
A Datadriven/ Physicainformed,
end-to-end deeplearning device simulati

«Fﬁ
--—o T:;

MACHINE
LEARNING

e — Properties
Simulation distribution

15



PCB warpage analysis & Cloud platform

A Simplifies PCB warpage analysis and optimization parameter adjusting, automatically generate stress ar
deformation maps interactively.

A Reduce time for each trial from days/week#\ tens of minutes

A Key concern: Vendor data privacy

copper trace distribution PCBA panel warping

Stresses Plastic Strains

solder ball lifespan predictions

Core member: Ming -Hsiao Lee 16

PCB module warping




Cloud GPU Rendefarm

A Launched in 2011 to promote Taiwanese animation film industry

A Remote-GPU desktopto speed up film production w/ industrial rendering engines & management S/W

A Develop special effect algorithm

Remote Data Backup

A
. :

RAID6
= I
o : ;

Synology NetApp

Tape m RAID6 RA|D6
CEEED

Storage
Server

7 Management
£\
nodes

GPU VDI
light nodes

GPU VDI
heavy nodes

https://www.nchc.org.tw/Page?itemid=75&mid=139

WL
Jla‘

User

Cloud rendering
desktop through
VDI connection

Support iconic film productions

¥

X N \-J \ﬂ

} Bel ow HorizonN
special effect of fire

Core member : Chuan-Lin Lai 17


https://youtu.be/a4J8lXzEtQc

Nuclear fusion simulation for FIRST

A Support National Atomic Research Institut¢ NARI) for designing
Formosa Integrated Research Spherical Tokamak (FIRST, eta. 2027)

A Optimize tokamak design to enhance simulation accuracy

A Strengthen reattime monitoring and control capabilities

Core member: Tsung -Che Tsai

18



Scientific grid

A Support fundamental science with deliciated / opportunistic resource.
a 2015 WLCG Tiet2 for LHC/ICMS

a 2022- Int. Gravitational Wave Network (IGWNKAGRALIGO/Virgo) via OSG

<

A How HPC / Grid learn from each other ? Accelerator, Distributed storage, ... ?

CMS Experiment at the LHC, CERN
‘ Data recorded: 2015-Sep-28 06:09:43.129280 GMT

Run / Event / LS: 257645 / 1610868539 / 1073

1 ;LIGO Hanford

.LIGO Livingston

y
L

o

\ § 28

Gravni@tlonal Wave Observatories
IGWN: International Gravitational Wave Network

Credit: Caltech
/MIT/LIGO Lab

Uaiversity of Tokye

Wl (@), -/} IGWN i

i ICRR))) KAGRA ~UGo
5




Sovereign Al and Al democratization

A TAIDE(Trustworthy Al Dialogue Engine) project sinc€024 (7/13B model based on opensource ).
A Taiwan AIRAP( Resilient and high-performance Al Platform )

a  GenAlservices platform, frominfra and model fine-tune to workflow design, API servicg and Ul frontends...

A Applications & Pilot run customers:
a  Multilingual Indigenous Language Al/LLM Platform (16 tribegl2 languages)

a  Pedagogicalplatform (NCU for traditional Chinese,H ) (7)) TAIWAN AIRAP EE JEEREuSiE WENG GAER BARE BRER Tone w=SEE
A Storyte”mg: Al VISU&' NOVG' ( ) A AEENEA 2025/3/28 ~2025/9/30 - BERTARERILT - BRVERESHE - BOERAEPRHURSEE
a  Industrymanagement ( ‘I NeuChipg S §
a  Pig health & behavior monitoring platform (MoA) r'x L a7l [[| ¥ s & 2
5 Solar powermonitoring & management (0 "H) TAIWAN e, NI (72) )/ g
a  Smartshifting (%o KSVG Hospital) NI RAP - —ales o | o &
| RREENTHIAIER - = :
a  SmartQuality Assurance Manuafor medical materials T) FAGEABTIRITE  BOWH/I TR RENER WA e Wi £
4  LLM/RAGbasedknowledge hub system,chatbots d 3
(MoDA, TASA, CDNA of Sinica, ..) AT - '
. o el e Be =0
a LLM-based image search, | W 11\ LT DY
(1 0 Claireye,é Z » Akl

Al customer service( AT et
myPDA

Q¢ Qx
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Quantum computing & HPC

A New computing paradigm, rethink information processing and rebuild toolchains.

A On the other hand, QC as accelerator, fit naturally in heterogenous HPC.

A challenging HPC app: Circuit/Quantum simulator, EDA & quantum chip design.

A Most Q algorithms now is hybrid, need to cooperate with classical computers
& Hybrid Quantum-Classical Computer to be assembled in Tainan IDC 2026

a Main Memory

I . (Delft U, 1903.09575)

Host CPU I

| | | | I

kit
W e

FPGA GPU NPU Gate-based QC Q Annealer

21



Some popular QC modality in 2026+

Modality ' 1q err (%) Gate time | Features

Superconducting 120¢ 0.007¢ 0.06¢
(IBM/ Google) 1080 0.01 0.4

Fixedfreg/Fluxtunabletransmons Heavyhex and Square
O(100 ns) O(10 ns) lattice topologies for QEC.

Superconducting 20¢

(IQM) 150+ <0.02 < 0.07 Star/Crystal Topologies; Tunable couplers).1643Y
Superconducting 64¢ <001 <01 Vertical 3D Connectiof§TARxrchitecture (Spac&ime efficient

(Fujitsu) 1024 Analog Rotation?408.14929) to reduce gates;

Trapped lon Algorithmic qubits (#AQ) as metric; Microwasentrolled ions

36¢ 100 <0.02 <04 O(hoursmin) O(1G100us)

(lonQ, Qudorg (Oxford lonics); Laselriven gates;

Trappedlon — 96¢ 0.01¢ R s A et T |
(Quantinuun) 1000 0.05 TKET toolkit.

OuEmpasqy 25663 <003 <05 Oe))  Ofuscmy G e oy
6o s <i Loutwer opy Qo shesioon sosces 05he s
Silicon Spin 12¢50 0.01c0.1 0.1c¢1.0 Ofms-sec) O(10100 ns) Quantum Dots; 300mm CMOS Fab integratioB1Rlonors or

hole spins in Silicon.



On- going studies Machine learning & Optimization
A Industrial optimization via QUBO, QAOA.

A Neuron network via parameterized, variational quantum circuit.
A

Simulator & Benchmark

A Circuit / TensorNetworksim
a 43 qubits full state vector sim on F1

a  0(1000)+ qubits MPSTN sim Ny Niia N Niia
N)!xid Nhid Nhid Nhid
. . Nuia = |E| 21\7hid Nhid/2 2Nhid  “hid/2
A Application-level benchmark T, . — ey
! i ' ' } ' Y
el B i RX(By) b+ — i HRX(B) - | || &
- l ' i - | i v &8
o] U ' o = ] — P ; ' B -~
Device=aer_simulator Aug 02, 2023 07:11:57 UTC G e ; balw) } i : Foe) y i -Rx(d") ! /g\ <
< [ ! § ' ! é‘ il
] = | RX(f1) K L TR (B o= —'—m-— 5
i 5 | . 55
] . e > 1 N —— H 1 e 4
1: ] H H L Exact Approx. Exact Approx. Exact Approx.
12 2 0.8
Lo 2
ey £ . .
o Quantum Simulation
;8' 04£
79 .
i QSVT) | « A Many-body effects of quantum dynamics
i il
] il 0.0
3 o
AN B B - A - 4 ESaaa. I = EE = = = !=Em e
i
SIS EF I IS T ERE SRR

Depth
Depthwidth tradeoff of quantum linear problem 23



Scalablekernel-based QSVMvia Tensor Network

A Kernel functionsin SVMA Overlap of quantum features (Feature dimension = #qubit)
W) 0 ¢ @l

A Train0 samplesA 0 circuits; Inferencel samplesA 0 0 circuits to compute.

A Lineartime scaling over0

106.

105_

Simulation Time (seconds)

101.

100.

104.

103.

102.

10k 128Ddata (50m circuit3) in 1-day /_,,./:j}:jiﬁtj

1 GPUs

e 2 GPUs
—e— 4 GPUs
—e— 8 GPUs

102 103 104
Number of Data Points

Machine Learning: Sci. Teé(2025)
w/ TY Li, NY Chen, AC Yang

10" [H] [Re] [R, U(xi) U'(xj)

10) L -l Pu R N 7 7 Il o P
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https://iopscience.iop.org/article/10.1088/2632-2153/adb4ba
https://iopscience.iop.org/article/10.1088/2632-2153/adb4ba
https://iopscience.iop.org/article/10.1088/2632-2153/adb4ba
https://iopscience.iop.org/article/10.1088/2632-2153/adb4ba

) NEZAY
GOELX 2NAY 3 / KS YA OFHirdspirédDynan8Quaniuih@ircuitsknS
0§KS b L JGhensichilTReary and Comp (2025)

Quantum Molecular Generation

A Domain knowledge-driven, high chemical validity gen model
a parameter efficiency: 134 parameters enumerate-Beavy atom molecular C, N, O).

a Tailoredgeneration by constraining parameters& Bayesian optimization . ‘1) (1) ‘1) g g g g g é
. . . B : 010 00010
A Dynamic circuit to reduce qubit overheadp (G )© 6 0 for §-atom. ol oo 2010000
'B=[0 0 01 0 10 0 0
a Atom types: {|Tt It |TP) lp It lp P } . loooo10100
: 000001010
y : ' 001 000T1O0
a Bond types:{|T it Tt P lp ; [N } ' lt ooooo0o0 2 o
4 wt©  qubit for 9 atoms (C,N,O) A=l s 1 21111 1]
7 Firstatom: _UI0_}+ 81 0+o]11) - Empirically chemical constraints (Optional): N
' 7 (1) 013+66=m1
Attc')tm i I % Qubit o If (03,C4) * (0,0) N (2) 912, 915 € [0, g]
state |0)_{RY(93)]_{RY(94) A\ % reuse :|0): 7,\ (3) 04,04, € [E ?T]
1471 ’
i 2
_|0}—@ N Ry(6s) | a ._|E))_ RY(QID)HRY(BII)}/ A Remove bond
M) 200 ) ﬁ(f-‘?-cs) %00 disconnection
[ 10) { Ry (67) z ; I i|0):’ 7 If (c7, ) # (0,0)
Bond | 10) o X RY(BB)) 7{ 5[02 HRY(SB) RY(GM)J % :::n((:mfm;clvclz) =
state (0,0,0,0)
| |0) @(616) Ry(6,7) 2 X A

' €1 C C3 Cy Cs Ce¢ C7 Cg €9 C10C11C12 C12 ,
Atom1l  Atom 2 Bond21  Atom 3 Bond31 Bond 32 25



Summary

A NCHC as the service provider ofupercomputing and the TWARENbackbone.

A Diverse research and platform services response to communities
with blurring boundary of HPCand Cloud

A Preparingfor quantum:

a software toolchains.
a Work on hybrid quantum-classicalcomputing integrated with HPC(in Tainan IDC)
a Quantum Hub to bridge technology gaps through collaboration.

~ Thank you -~
26



Noisy Intermediate Scale Quantum
computing
4 NISQ application areas:
100 | ¢ Quantum chemistry
e Optimization
- : :
g 102 | e Machine learning
o error correction
© Wi threshold
S / fault-tolerant QC
g 10* L
N o
= . We are close to here
1 .

10 100 1,000 10,000 100,000 ™
number of physicalqubits

[1801.00862] Quantum Computing in the NISQ era and bebgrdbhnPreskill

27


https://arxiv.org/abs/1801.00862

1IServiceSSO portal

1

fidis =
TAIWANIA 2

~

.—%m =N

@2\5

TVICCEEAIE

TAIWAN COMPUTING CLOUD

B4 T Yr
Tﬁﬁjﬁﬁiﬁ; 4/\5 ) TAIWAN AIRAP
'E'
l-rerunnerl Storage P &= Llohlfsrml?“ﬂuif s_l
B & — Quota
SensiMesh

A Frontend & backend for project application, IAM, accounting, wallet managemen
resource purchasing, quota reguest, usage analytics, etc...
28



Collective neutrino oscillation simulation

80 4

A Precision simulation of neutrino transporiguantum kinetic equations (QKEs._ 7

[=1]
o

A Developed classical surrogate modelso bridge microscopic effects with
macroscopic fluid dynamics.

A Collaborated with Meng- ASloB, PRL134(2025)

w
o
L

w
o
L

Per step grid-point time (ns
£
o

— . a—— ————
.y 201 -~ ——
A Large-scale scalability on Forerunned and Nano4
10
2 8 2 128 512
Nodes
251 —1— f3d8
f2d8
t=172.0[u"] —— f3v7
@ 201+ f2d4
° —— f3d4
E —3— f2d4
b 157 f2v7
%10 /\/_‘—_‘——*
5 | N L
___‘__.___..--—""'_‘_‘—-vn-'""ﬂ_
1 4 16 64 256 1024
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https://journals.aps.org/prl/accepted/ba070Y22D4110d93749c105186d198cc6267b3506
https://journals.aps.org/prl/accepted/ba070Y22D4110d93749c105186d198cc6267b3506
https://journals.aps.org/prl/accepted/ba070Y22D4110d93749c105186d198cc6267b3506

Research Service & Platform

A TCCIP (Taiwan Climate Change Projection Information) Adaptation Knowledge Platform

A 3D GIS Platform, Smart City & Environmental disaster prevention & relief

A Ocean negative carbon research platform: from seismic reflection data portal to CCS simulation
A Sustainable Health Big Data Platform ( ) & Taiwan biobank ( )

A GIS for precision agriculture

A Material platform (adv structural materials based on higkentropy alloy) & Semiconductor research
A PCB warpage analysis & Cloud platform

A Render farm ( )

A Nuclear fusion simulation for FIRST

A WLCG/IGWN Grid computing

A Taiwan Al RAR Sovereign Al and Al democratization, Multilingual Indlanoau%Lar&?Bage Al/LLM

A Quantum computing...
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1 Software offerings can be further classified into SDKs, firmware / enablers, algorithms / applications, simulators etc. but many companies are offering a mixture across the stack

2 Many QPU providers are offering full stack services (e.g. Pasqal acquired Qu&Co, Quantinuum was originally CQC prior to merger with HQS, etc.




High-accuracy simulation platform

. High-fidelity numerical methods (CE/SE method)
. High-efficiency parallel computing (p to 84% for over 1000 CPUs
_ Automatic mesh generation (Octree meshes)
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International Collaboration (Y20242025)
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