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NCHC & Top500

ÅBased on HPL (FP64).

ÅDriven by advances in 

hardware, microarchitecture, 

and software.

Å̀ 08-13 slowdown due to 

power constraints, even 

worse for low-ranked system

Taiwania-3 (2020)
Taiwania-2 (2018)
Taiwania    (2017)

ForeRunner
(2024) 

F5 (2012) 
ALPS(2011)

Nano 4 (2026)
Nano 5 (2025) 

IBM1350 
(2007)

F1 
(2002)
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TaiWan Advanced Research and Education Network

ÅOptical dedicated bandwidth in island
V 20G (2004) Ą 200G (2008) Ą 4*400G (2026)

V 12 GigaPOPs

V 94 universities & research institutes

V 500k+ users

Å  Sharing network fiber with TANet
    (4000+ schools, 4.5m+ users)

Å  Availability: 99.99%+ 

Å  110 Gbps links to LA, Chicago 
 (thru which peering to other RENs)
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2024 

Forerunner

3.4 PF

Supercomputers, Network, and IDC (Internet Data Center)

2023

Self-built fiber 

backbone Initiated

2025

Tainan IDC 

15MW

HPC & cloud

Network & data center

2023

TAIDE

3.8 PF

2025

Nano 5

13 PF

2028

HPC-X Quantum 

integrated

2029

Shalun IDC

90MW

2029

Toward 

480 PF

2018

Twnia2 9 PF

2019

Twnia32.7 PF

2026

Nano 4 

81.5 PF

2022

Formosa Open eXchange

2026

4 x 400Gbps

 fiber backbone 

scheduled for 

activation

2004 

TWAREN
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User profile (2026)

Å1 k+ project groups and 11 k+ users:

 ~ 80% NSTC

 ~ 20% Gov, 

 < 1 %   Industry (by usage)

ÅNSTC domain usage breakdown:

     ~ 40 % Math/Phy/Chem

     < 30 % Engineering (Material/IT/Semicon)

     ~ 26 % Environments, Others

~  5 % Biomedic

HPC in services:

Å Nano4

ǎ 81.5 PF, 8*220 H200, 37 GF/W , PUE~1.18

ǎ Top 29 and Green 73 @ Nov 2025

Å Nano5

ǎ 13 PF, 296 H100/H200, 30 GF/W , PUE~1.25

ǎ Top 118 and Green 73 @ Jun 2025

Å Forerunner (CPU-based from ASUS)

- 3.4 PF, 62k-core, 5.7 GF/W, PUE~1.35

- Top 222 and Green 92 @ Nov 2023

Å Twnia-3 (CPU)

Å Twnia-2 (GPU)



6

Applications

ÅClimate, Weather & Environment

ÅHealth & Biology

ÅMaterial, Energy & Chemistry

ÅEngineering

ÅSpace, Plasma & Physics

ÅAI, Quantum computing
ǎ New paradigms and challenging HPC applications.

Challenges of our time, from environment and health, 
to the global sustainability and exploration ofunknown
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Research & Platform Services

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

                                           

Å Smart city, 3D GIS, Civil IoT Taiwan 

ÅOcean negative carbon research platform: from seismic reflection data portal to CCS simulation

Å Sustainable Health Big Data Platform ( ) & Taiwan biobank ( )

ÅGIS for precision agriculture

ÅMaterial platform (adv structural materials based on high-entropy alloy) & Semiconductor research

Å PCB warpage analysis & Cloud platform

ÅRender farm

ÅNuclear fusion simulation for FIRST

ÅWLCG/IGWN Grid computing

Å Taiwan AI RAP - Sovereign AI and AI democratization, Multilingual Indigenous Language AI/LLM

ÅQuantum computing...
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 Taiwan Climate Change Projection Information & 
            Adaptation Knowledge Platform 

Å The 4-th phase TCCIP (2009~)

strengthen cross-level and cross-sector 

adaptation applications to support 

SDGs. 

ÅRespond to climate emergency and 

enhance systematic resilience of Taiwan.

ÅNCHC in Team3:

ǎ Information outlet & Web services

ǎ Promote and operate climate 

change services& integrated 

platform, data store and adaptation 

resources kit.

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

https://tccip.ncdr.nat.gov.tw/
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Smart city& Urban governance

Å Predictive traffic analytics: 30-minute road condition forecast.

Å Smart policing: multimodal street video recognition for surveillance footage; LLM-aided investigation. 

Å Accuracy Championshipof ICCV 2025 AI City Challenge

Å Taichung City: Recognized with 2025 Excellence in City Governance Award by CommonWealth Magazine 

                   ( ᴞ Ⱡ)
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3D GIS Platform, Building Info Modeling (BIM) & Digital twin

Å Integration of BIM and AI in public construction management.

ǎ Taichung Dome ( Ả ): Construction safety evaluation and planning, real-time safety regulation monitoring.

Å Accelerate GIS adoption and development for public sector.

ǎ Bureau of Cultural Heritage: Digital twin of Lukang Longshan Temple

ǎ Penghu county digital harbor: 2024 Smart City Innovation Application Award

Taichung Dome: Construction Safety Management Digital twin of a ncient monument model, with 
temperature and humidity monitored inside
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Cloud-based smart point cloud processing

Å Achieved 95%+ accuracy over public Oakland 3-D dataset.

Å Recognized with 2021 R&D 100 Award and 

                           Platinum Award at 2023 Taiwan Innovation Expo Invention Competition. 

Å Innovative analysis of seismic data for geological carbon sequestration technologies  

Before: Abnormal lines and 

particles detected 

Point Cloud based AI seismic data interpretation

After

Core member: Ming -Jen Wang 
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GIS for precision agriculture 

ÅOn-site crop image classification
ǎ Field surveys

ǎ 31 models/crops w/ sparse training sample

ÅGrape disease diagnostic
ǎ Classification of Grape Rust, 

Thrips infestation, and general pathologies. 

ÅGPS tracking, LP recognition, and Geofencing
ǎ Trace pig transport vehicle for epidemic management

ǎ Transportation auditing

ÅWeb/AI APIs integrated into    Agri Field Survey Management ( Ộᾝ Ḛ) and 

             Transport Vehicle AuditSystem (֫ כּ ᶋḚ )

ÅCollaboration with Agri. Tech. Res. Ins., NCKU, NTU Core member: Yi-Liang Shih

Agriculture Spatial Information Collaborative Platform  
of Ministry of Agriculture
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Sustainable health big data platform

ÅReact to the national-wide goal to create real-world data 

ecosystem that facilitates data exchange and utilization 

for medical fields. (MoH, MoE, NSTC)

Å Standardized data integrationand high-volume 

interoperable storage services

ǎ Build data repositories for EMR, medical imaging, genomics, 

and digital pathology with automatic/manual quality checks.

ǎ Collaborated with 7 medical centers to standardize EMR 

formats and data exchange protocols under the Fast 

Healthcare Interoperability Resources (FHIR) framework.

ǎ ISO27001, 27017, 27018, and 27701 certifications.

Å Long-term partnership with Taiwan Biobank

Core member: Yen -Jen Lin 
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The AI Agentic Workflow (Intelligence Layer)

1. Task Analysis & Intent 
Recognition

2. Task Decomposition & 
Modular Orchestration

3. Evidence Integration & 
Logical Reasoning

4. Structured & Explainable 
Output Generation

Identifies query intent and determines 
required capabilities (knowledge retrieval, 
computation, structured data access, or 
hybrid reasoning).

Decomposes into sub-tasks and dispatches to 
appropriate modules: RAG Retrieval (Literature/ 
Knowledge Base); API Call (Calculation Modules); 
SQL DB Query

Aligns and synthesizes heterogeneous outputs, 
performs multi-step reasoning, and resolves 
cross-source inconsistencies.

Produces a structured, logically coherent, and 
comprehensive analysis report, via chatbot.

The Cloud Ecosystem (Infrastructure)

Data Explorer & Warehouse ML Environment Tool Warehouse

Å SQL DB with multi - level IAM

Å Retrieval and Filtering by Composition, Structure, 

and Properties

Å No -code training and validation (Scikit - learn/ AutoML )

Å Feature engineering and Correlation analysis

Å Preprocessing, Visualization & External analysis programs

Å Social impact calculator and LLM knowledge base

Materials AI platform & Agentic workflow

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

Core member: Wen -Jay Lee 
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Reliability prediction
Å Early detect 3D-IC structural weakness
Å Rapid prediction of battery life

Process optimization
Å Improve multistage manufacturing of 

HEA and power device

AI-aided design
Å Data-driven/ Physical-informed, 

end-to-end deep-learning device simulation

Properties 
distribution

NEGF

Model
Simulation

IV curve

AI for Semiconductors

Data-driven exploration
Å Harder high-entropy alloy
Å ML to find additive molecular for Li battery

Core members: Wen-Jay Lee,An-Cheng 
Yang, Nan-yow Chen, Kuan-Peng Chen
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PCB warpage analysis & Cloud platform

Å Simplifies PCB warpage analysis and optimization parameter adjusting, automatically generate stress and 

deformation maps interactively.

ÅReduce time for each trial from days/weeks Ą tens of minutes

Å Key concern: Vendor data privacy

 copper trace distribution

PCB module warping

PCBA panel warping

solder ball lifespan predictions
Core member: Ming -Hsiao Lee 
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Cloud GPU Renderfarm

Å Launched in 2011 to promote Taiwanese animation film industry 

ÅRemote-GPU desktop to speed up film production w/ industrial rendering engines & management S/W

ÅDevelop special effect algorithm

łBelow HorizonŃ
special effect of fire

Support iconic film productions

https://www.nchc.org.tw/Page?itemid=75&mid=139 Core member : Chuan-Lin Lai 

https://youtu.be/a4J8lXzEtQc
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Nuclear fusion simulation for FIRST

Å Support National Atomic Research Institute(NARI) for designing

  Formosa Integrated Research Spherical Tokamak (FIRST, eta. 2027) 

ÅOptimize tokamak design to enhance simulation accuracy

Å Strengthen real-time monitoring and control capabilities

MHD stability in TOQ / EFIT format

Core member: Tsung -Che Tsai
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Scientific grid

ÅSupport fundamental science with deliciated / opportunistic resource.

ǎ 2015- WLCG Tier-2 for LHC/CMS

ǎ 2022- Int. Gravitational Wave Network (IGWN: KAGRA/LIGO/Virgo) via OSG

ÅHow HPC / Grid learn from each other ? Accelerator, Distributed storage, ... ?
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Sovereign AI and AI democratization

Å TAIDE(Trustworthy AI Dialogue Engine) project since 2024 (7/13B model based on opensource ).

Å Taiwan AI RAP ( Resilient and high-performance AI Platform )
ǎ GenAIservices platform, from Infra and model fine-tune to workflow design, API service, and UI frontends...

Å Applications & Pilot run customers:
ǎ Multilingual Indigenous Language AI/LLM Platform (16 tribes, 42 languages)

ǎ Pedagogical platform (NCU for traditional Chinese, ᾛ )

ǎ Storytelling: AI Visual Novel ( )

ǎ Industry management ( Ἵ NeuChips)

ǎ Pig health & behavior monitoring platform (MoA)

ǎ Solar power monitoring & management ( ᾛ)

ǎ Smart shifting (‰ KSVG Hospital)

ǎ Smart Quality Assurance Manual for medical materials (ῶ Ṫ)

ǎ LLM/RAG-based knowledge hub system, chatbots

(MoDA, TASA, CDNA of Sinica, ..)

ǎ LLM-based image search, 

(Ἵם Claireye, ḕẔ ♪

ǎ AI customer service ( ᴬṪ,ḕⱢ ∑

ǎ myPDA 

ǎ
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ÅNew computing paradigm, rethink information processing and rebuild toolchains.

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

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

ÅMost Q algorithms now is hybrid, need to cooperate with classical computers.
ǎ Hybrid Quantum-Classical Computer to be assembled in Tainan IDC 2026

ǎ

(Delft U, 1903.09575)

Quantum computing & HPC

QC Stack
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Some popular QC modality in 2026+

Modality
Phy. 
Qubits 

1q err (%) 2q err (%) T1/T2 Gate time Features

Superconducting 
(IBM/ Google)

120 ς 
1080

0.007 ς 
0.01

0.06 ς 
0.4

O(100 ns) O(10 ns)
Fixed-freq/Flux-tunable transmons. Heavy-hex and Square-
lattice topologies for QEC.

Superconducting 
(IQM)

20 ς 
150+

< 0.02 < 0.07 Star/Crystal Topologies; Tunable couplers (2508.16437)

Superconducting 
(Fujitsu)

64 ς 
1024

< 0.01 < 0.1
Vertical 3D Connection; STAR architecture (Space-Time efficient 
Analog Rotation, 2408.14929 ) to reduce gates; 

Trapped Ion 
(IonQ, Qudora)

36 ς 100 < 0.02 < 0.4 O(hours-min) O(10-100us)
Algorithmic qubits (#AQ) as metric; Microwave-controlled ions 
(Oxford Ionics); Laser-driven gates; 

Trapped Ion 
(Quantinuum)

96 ς 
1000

-
0.01 ς 
0.05

QCCD (Quantum Charge-Coupled Device) allows ions physically 
moved (2003.01293). All2all interaction reduce circuit depth. 
TKET toolkit.

Neutral Atom 
(QuEra, Pasqal)

256 ς 3k < 0.03 < 0.5 O(sec) O(us ς ms)
Atoms as perfect qubits; Rydberg blockade; Optical tweezers; 
Dynamic topology; Analog/Hybrid mode. (2304.05420)

Photonics 
(Quandela)

6-24 < 0.4 < 1 Loss-based O(ps)
Quantum-dot single-photon sources (95%+ photon 
indistinguishability); Full-stack QML software; 

Silicon Spin 12 ς 50 0.01 ς 0.1 0.1 ς 1.0 O(ms - sec) O(10-100 ns)
Quantum Dots; 300mm CMOS Fab integration; P-31 donors or 
hole spins in Silicon.
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On-going studies

Simulator & Benchmark

ÅCircuit / TensorNetwork sim
ǎ 43 qubits full state vector sim on F1 

ǎ O(1000)+ qubits MPS-TN sim

Å Application-level benchmark

Depth

W
id

th

HHL

QSVT

Machine learning & Optimization

Å Industrial optimization via QUBO, QAOA.

ÅNeuron network via parameterized, variational quantum circuit.

Å

Quantum Simulation

ÅMany-body effects of quantum dynamics

Depth-width tradeoff of quantum linear problem
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Scalable kernel-based QSVM via Tensor-Network

Å Kernel functions in SVM Ą Overlap of quantum features (Feature dimension =  #qubit)

Ὧὼȟὼ ᴼ ‪ὼ‪ὼᴂ

Å Train ὔ samples Ą ὔ circuits; Inference ὓ samples Ą ὔὓcircuits to compute.

Å Linear time scaling over ὔ

Machine Learning: Sci. Tech. 6 (2025) 
w/ TY Li,  NY Chen, AC Yang

10k, 128D data (50m circuits)) in 1-day

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
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Quantum Molecular Generation

ÅDomain knowledge-driven, high chemical validity gen model

ǎ parameter efficiency: 134 parameters enumerate 9-heavy atom molecular (C, N, O).

ǎ Tailored generation by constraining parameters & Bayesian optimization.

ÅDynamic circuit to reduce qubit overhead, ὕὔ ᴼ ὕὔ  for ὔ-atom. 

ǎ Atom types: ππ  πρ  ρπ ρρ 

ǎ Bond types: ππ  πρ ρπ ρρ

ǎ ωπO  qubit for 9 atoms (C,N,O)

ά9ȄǇƭƻǊƛƴƎ /ƘŜƳƛŎŀƭ {ǇŀŎŜ ǿƛǘƘ /ƘŜƳƛǎǘǊȅ-Inspired DynamicQuantumCircuits in 
ǘƘŜ bL{v 9ǊŀέΣ J Chemical Theory and Comp (2025)

Bond 2-1 Atom 3Atom 1 Atom 2 Bond 3-1 Bond 3-2

First atom: Ŭ01+ɓ10+ɔ11
Empirically chemical constraints (Optional):
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Summary

ÅNCHC as the service provider of supercomputing and the TWAREN backbone.

ÅDiverse research and platform services response to communities 

with blurring boundary of HPC and Cloud

ÅPreparing for quantum:

ǎ software toolchains.

ǎ Work on hybrid quantum-classical computing integrated with HPC (in Tainan IDC).

ǎ Quantum Hub to bridge technology gaps through collaboration.

~ Thank you  ~
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[1801.00862] Quantum Computing in the NISQ era and beyond by John Preskill

NISQ

We are close to here

https://arxiv.org/abs/1801.00862
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iService SSO portal

ÅFrontend & backend for project application, IAM, accounting, wallet management, 

resource purchasing, quota request, usage analytics, etc...

SensiMesh  

AccountSSO

Project

Storage 
Quota

Purchase

Usage
Report
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Collective neutrino oscillation simulation

Å Precision simulation of neutrino transport quantum kinetic equations (QKEs)

ÅDeveloped classical surrogate models to bridge microscopic effects with 

macroscopic fluid dynamics.

ÅCollaborated with Meng- ASIoP), PRL 134 (2025)

Å Large-scale scalability on Forerunner-1 and Nano4

https://journals.aps.org/prl/accepted/ba070Y22D4110d93749c105186d198cc6267b3506
https://journals.aps.org/prl/accepted/ba070Y22D4110d93749c105186d198cc6267b3506
https://journals.aps.org/prl/accepted/ba070Y22D4110d93749c105186d198cc6267b3506
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Research Service & Platform

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

                                           

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

ÅOcean negative carbon research platform: from seismic reflection data portal to CCS simulation

Å Sustainable Health Big Data Platform ( ) & Taiwan biobank ( )

ÅGIS for precision agriculture

ÅMaterial platform (adv structural materials based on high-entropy alloy) & Semiconductor research

Å PCB warpage analysis & Cloud platform

ÅRender farm ( )

ÅNuclear fusion simulation for FIRST

ÅWLCG/IGWN Grid computing

Å Taiwan AI RAP - Sovereign AI and AI democratization, Multilingual Indigenous Language AI/LLM

ÅQuantum computing...
~ Thank you  ~
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What did we prepare for the Quantum Computing ? 

2022 May
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High-accuracy simulation platform

¸ High-fidelity numerical methods (CE/SE method)

¸ High-efficiency parallel computing (up to 84% for over 1000 CPUs)

¸ Automatic mesh generation (Octree meshes)

Parallel efficiency

Acoustic wave simulation

Octree mesh generation

Complex fluid structure

Hypersonic flow simulation

Slides from Fang -An Kuo 
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International Collaboration (Y2024-2025)


