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1. Intro to quantum computing?
Institute for Quantum Computing (IQC) on X: "What did Richard Feynman mean  when he said "we seem to have to walk
a logical tightrope when we talk  about a quantum system"? Explore

Quantum computing is a 
multidisciplinary field comprising 
aspects of computer science, 
physics, and mathematics that 
utilizes quantum mechanics to 
solve complex problems faster than 
on classical computers. 

“Quantum Willow chip, 105 qubits, 

is 1025 times faster than 

supercomputer.” [2025]

https://www.google.com/url?sa=i&url=https%3A%2F%2Fx.com%2FQuantumIQC%2Fstatus%2F963091684736331781&psig=AOvVaw2wYsEESf4un-OY6W0ZTKTM&ust=1744209722581000&source=images&cd=vfe&opi=89978449&ved=0CBQQjRxqFwoTCJD659jVyIwDFQAAAAAdAAAAABAX


1. Intro to quantum computing?

J. M. Gambetta et al. Nature 
Communications (2017).



1. Intro to quantum computing?

https://thequantuminsider.com/2026/06/05/how-
many-quantum-chip-companies-are-there/



1. Intro to quantum computing?

https://thequantuminsider.com/2026/06/05/how-
many-quantum-chip-companies-are-there/
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1. Intro to quantum computing?
Scott Aaronson

UT Austin



https://reports.weforum.org/docs/WEF_Top_10_Emerging
_Technologies_Report_2026.pdf

1. Intro to quantum computing?



1. Intro to quantum computing?
Qubits

• Superposition: A qubit can exist in both 0 and 1 states 
simultaneously

• Entanglement: Two or more qubits can be linked together 
regardless of distance.

Quantum 101 - What is a Qubit?, Quantum Cryptography Blog - QNu Labs

Quantum Computing

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.qnulabs.com%2Fblog%2Fquantum-101-qubit&psig=AOvVaw3rsIdiZPGBsji7WqdnBDM8&ust=1744166795103000&source=images&cd=vfe&opi=89978449&ved=0CBQQjRxqFwoTCIjVreW1x4wDFQAAAAAdAAAAABAR
https://www.google.com/url?sa=i&url=https%3A%2F%2Funiverse-review.ca%2FR13-11-QuantumComputing.htm&psig=AOvVaw3xW9XVzFmP_aQo6ehP22ol&ust=1744166925609000&source=images&cd=vfe&opi=89978449&ved=0CBQQjRxqFwoTCLiw36q2x4wDFQAAAAAdAAAAABAY


Quantum gates          unitary matrices

Basic 
quantum
gates 
Symbol 
representations
of basic 

1. Intro to quantum computing?

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.researchgate.net%2Ffigure%2FBasic-quantum-gates-and-their-matrix-representations_fig1_3409658&psig=AOvVaw0yGFyzr5LcaWkzvDUD0OvM&ust=1744291860792000&source=images&cd=vfe&opi=89978449&ved=0CBAQjRxqFwoTCPj76NeHy4wDFQAAAAAdAAAAABAE
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.researchgate.net%2Ffigure%2FSymbol-representations-of-basic-quantum-gates-and-their-corresponding-matrices-expression_fig1_365677719&psig=AOvVaw2sOpUcNvjXKMeecDhexeh_&ust=1744291907725000&source=images&cd=vfe&opi=89978449&ved=0CBQQjRxqFwoTCNC6v_KHy4wDFQAAAAAdAAAAABAY


Quantum circuits

A quantum circuit is the quantum computing equivalent of a 
classical digital circuit. 
A quantum circuit represents a universal set of quantum gates 
and qubits that perform specific computations. 

Quantum circuits

1. Intro to quantum computing?

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.tudelft.nl%2Fover-tu-delft%2Fstrategie%2Fvision-teams%2Fquantum-computing%2Fwhat-is-quantum%2Fquantum-circuits&psig=AOvVaw0ylmztfAbo1E16PiMzws59&ust=1744206712124000&source=images&cd=vfe&opi=89978449&ved=0CBQQjRxqFwoTCLi187_KyIwDFQAAAAAdAAAAABAE
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1. Intro to quantum computing?
Quantum parallelism

n-bit string 

- All possible inputs of a classical algorithm are represented by kets in the sum above.
- U is applied to all kets of the sum above simultaneously → it is possible to perform 

2n simultaneous computations on a n-qubit quantum computer 



1. Intro to quantum computing?



Quantum advantages
Quantum advantage is a demonstrated capability of 
quantum computers to perform a specific task with 
superior efficiency, accuracy, or cost-effectiveness 
compared to the best classical methods, often by 
leveraging the unique properties of quantum 
mechanics to solve problems currently intractable 
for even the most powerful supercomputers. John P. Preskill, CALTECH

1. Intro to quantum computing?

PHYS. REV. X 16, 030501 (2026)



1. Intro to quantum computing?
Quantum advantages

Predictability:  A quantum 
advantage is predictable if 
we have sufficient evidence 
supporting that, given the 
necessary quantum 
technology, we will achieve 
capabilities fundamentally 
beyond what is possible 
with classical technology.

Typicality. A quantum 
advantage exhibits typicality 
if it applies to a substantial 
fraction of practically 
relevant problem instances, 
rather than being confined to 
particular instances that are 
especially hard classically.

Robustness. A quantum 
advantage is robust if it 
persists despite 
deviations from idealized 
theoretical assumptions, 
including imperfections in 
hardware, available 
resources, input data, etc

PHYS. REV. X 16, 030501 (2026)

PRX QUANTUM 7, 020101 (2026)



Quantum advantages
1. Intro to quantum computing?

Garnet Chan, 
Caltech



“Quantum computing can 
model molecular interactions 
for drug discovery and analyze 
complex health datasets, but 
better hardware is needed.” 

1. Intro to quantum computing?

Hope but 
not hype!



1. Intro to quantum computing?
IBM’s strategy: Quantum centric supercomputing
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2. Quantum many-body simulation

https://phys.org/news



2. Quantum many-body simulation
• In the Born-Oppenheimer approximation, molecular 

electronic Hamiltonian has form:

Yoshioka et al, Comm. Phys. 2021, 4 106



O(N4)

Exponential!

O(N7)

Quantum computing is 
expected to solve problems 
intractable for “classical” 
ab-initio methods!

2. Quantum many-body simulation



Yuri Alexeev et al. arXiv:2506.19337 (2025)

2. Quantum many-body simulation



The occupation number of n spin orbitals is stored in N qubits. 
|0⟩j corresponds to the jth spin orbital being unoccupied 
|1⟩j corresponds to the jth spin orbital being occupied 

These do not maintain the anti-commutation of fermionic operators

The JW mapping encodes the electronic wavefunction in an array of 
qubits by mapping the occupation number of spin orbitals in qubits. 

Mapping from fermions to qubit

2. Quantum many-body simulation



To maintain the anti-communication, one can include a string of Z 
operators Z0 ⊗ · · · ⊗ Zj−1 acting on each of the other qubits up to 
the jth. 

We have that Z0 ⊗ · · · ⊗ Zj−1 has eigenvalue +1 for states with an 
even number of occupied orbitals up to the jth, and eigenvalue −1 
for states with an odd number of occupied orbitals up to the jth.

JW transform: 

 

Mapping from fermions to qubit

2. Quantum many-body simulation



Mapping from fermions to qubit

2. Quantum many-body simulation

Mapping to the Qubit Space - Qiskit Nature 0.7.2

https://qiskit-community.github.io/qiskit-
nature/tutorials/06_qubit_mappers.html

https://www.google.com/url?sa=i&url=https%3A%2F%2Fqiskit-community.github.io%2Fqiskit-nature%2Ftutorials%2F06_qubit_mappers.html&psig=AOvVaw2Z9RRI_l8t3_qEQekxRoSe&ust=1744295493131000&source=images&cd=vfe&opi=89978449&ved=0CBQQjRxqFwoTCPCg3JuVy4wDFQAAAAAdAAAAABAE


Variational quantum algorithms

Quantum centric 
suppercomputing

2. Quantum many-body simulation
Quantum computing solvers

- Quantum computers mesure cost functions
- Classical computers optimize cost functions

- Quantum computers sample states’ space
- Classical computers diagonalize Hamiltonian matrix



• Variational quantum eigensolver (VQE) is widely-used
• VQE is a classical-quantum hybrid algorithm
• VQE lies on the variational principle

2. Quantum many-body simulation



2. Quantum many-body simulation
VQE: general scheme

Fedorov et al. Materials Theory (2022) 6 2



Ansatz
2. Quantum many-body simulation



Cost function

𝐶(𝜃) = ෍

𝑛

𝑐𝑛⟨𝜓(𝜃)|𝑛⟩⟨𝑛|𝜓 𝜃 ⟩

= ෍

𝑛

𝑐𝑛 𝑛 𝜓 𝜃 2

= ෍

𝑛

𝑐𝑛𝑝(𝑛)

2. Quantum many-body simulation



Gradient: parameter-shift rule

• Consider a parameterized gate 𝑼 𝜃 = 𝑒−𝑖𝜽𝑮  where 𝑮 is the generator, 𝑶 is the 
measured observable and 𝜓 is the initial state:

 𝐶 𝜃 = ⟨𝜓 𝑼†𝑶𝑼 𝜓⟩

• The derivative w.r.t the parameter 𝜃 yields:

𝜕

𝜕𝜃
𝐶 𝜃 = −𝑖⟨𝜓 𝑼† 𝜃 𝑶, 𝑮 𝑼 𝜃 𝜓⟩

𝜕

𝜕𝜃
𝐶(𝜃) =

1

2 sin 𝑠
𝐶 𝜃 + 𝑠 − 𝐶 𝜃 − 𝑠  

𝜃

𝜃 𝜃

𝜃𝑠

𝑠

𝑠

𝑠

2. Quantum many-body simulation



2. Quantum many-body simulation
Improve VQE: Adaptive VQE



Sample-based quantum diagonalization (SQD)

2. Quantum many-body simulation



empty

Valence
(bare ෡𝐻)

Core

ext.

ext.

Valence
(effective ෡𝐻)

2. Quantum many-body simulation
Space reduction: quantum downfolding

TNL, J Phys Chem A 2021, 125 9242 

TNL, Phys Chem Chem Phys 2022, 24 19393

Nhan and TNL  J. Phys. Chem. A 2023 127, 5222
Nhan, Hoang and TNL, J Phys Chem A 2024 128 (8), 1543 
Nhan and TNL, J. Chem. Phys. 2025 162, 104109

Important 
region

Less 
important 

region



Number of configurations used in 
SQD for Si3 triplet state

2. Quantum many-body simulation
Numerical example: Si3

Singlet-triplet gap

Ref. New method
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Expected Advantages
• Simultaneous Exploration: Superposition lets qubits represent numerous 

combinations at once, avoiding the sequential bottleneck of classical 
computers.

• Quantum Tunneling: Algorithms pass straight through high energy 
barriers instead of climbing over them, escaping local minimum traps.

• Interference Amplification: Wave interference highlights optimal 
pathways while muting incorrect options.

• Hybrid Efficiency: Modern setups blend classical loops with quantum 
processing to yield practical gains on current hardware

3. Quantum optimization



Quantum Approximate Optimization Algorithm (QAOA)

3. Quantum optimization



Quantum Approximate Optimization Algorithm (QAOA)

3. Quantum optimization



Feedback-based Algorithm for Quantum Optimization 
(FALQON)

44A. B. Magann et al., Phys. Rev. Lett. 129, 250502 (2022).

Define a time-dependent Hamiltonian:
𝐻 𝑡 = 𝐻c + 𝛽 𝑡 𝐻𝑑

• 𝐻c is the cost Hamiltonian

• 𝐻𝑑  is the driver Hamiltonian
Update rule of 𝛽(𝑡):

𝛽 𝑡 = −𝐴 𝑡 = −𝑖 𝐻𝑑 , 𝐻c 𝑡

Step 1: Prepare state 𝜓𝑘

Step 2: Measure 𝐴𝑘 = 𝑖 [𝐻𝑑 , 𝐻c] 𝑘Δ𝑡

Step 3: set 𝛽𝐾+1 = −𝐴𝑘
Fig 1. Recursive quantum circuit of 

FALQON (pennylane.ai)

3. Quantum optimization



An imaginary time evolution (ITE) is applied every few FALQON steps.

ത𝜓 =
𝐼 − Δ𝜏𝐻𝑝 𝜓

||𝐼 − Δ𝜏𝐻𝑝|𝜓⟩||

The ITE-FALQON workflow

45

Feedback-based Algorithm for Quantum Optimization 
(FALQON)

3. Quantum optimization



Fig 2. 2D Fermi-Hubbard model 
(Susumu Yamada et.al., 2022)

A framework used to describe 
interacting fermions on a lattice.

𝐻𝐹𝐻 = 𝑇 + 𝑉

𝑇 = −𝐽 ෍

𝑖,𝑗 ,𝜎

𝑐𝑖𝜎
+ 𝑐𝑗𝜎 + 𝑐𝑗𝜎

+ 𝑐𝑖𝜎  

𝑉 = 𝑈 ෍

𝑖

𝑛𝑖↑𝑛𝑖↓

• 𝑖, 𝑗: neighboring lattice sites

• 𝜎: spin index (↑, ↓)

• 𝑇: hopping term with amplitude 𝐽

• 𝑉: on-site interaction with strength 𝑈

𝐽

𝐽

46

FALQON applications: Hubbard model (many-body physics)

3. Quantum optimization



Numerical results for the 2x2 half-filled lattice with and without ITE. (a) 
Energy evolution of FALQON and ITE-FALQON with ED baseline and (b) is the 

corresponding energy differences
47

a b

3. Quantum optimization
FALQON applications: Hubbard model (many-body physics)



MNP Nhi et al. J Comput. Sci. 100 (2026) 102965

3. Quantum optimization
FALQON applications: Drug-drug interaction



Outline

1. What is Quantum computing (QC)?
2. Quantum many-body simulation
3. Quantum optimization
4. Quantum machine learning
5. Summary



4. Quantum machine learning



4. Quantum machine learning



4. Quantum machine learning
Developing frameworks and new algorithms
2022, in the collaboration with scientists from HUS-VNU, 
we devloped QSun, a framework for QML

Nguyễn Quốc Chương - Vượt Khó Giành Hai Học Bổng Toàn Phần 
Tiến Sĩ Mỹ - YBOX

N. Q. Chuong, 
(Duy Tan University)

Prof. Le Bin Ho,
Tohoku University

C. Q. Nguyen et al. Mach. Learn.: Sci. 
Technol. 3 (2022) 015034

https://www.google.com/imgres?q=Nguyen%20quoc%20chuong&imgurl=https%3A%2F%2Fi1-vnexpress.vnecdn.net%2F2023%2F04%2F08%2F338150479-954039045753105-5168-6068-3202-1680911293.jpg%3Fw%3D680%26h%3D0%26q%3D100%26dpr%3D1%26fit%3Dcrop%26s%3DHDHIZrJpcL-4b2lnKt3rGA&imgrefurl=https%3A%2F%2Fybox.vn%2Fguong-mat%2Fnguyen-quoc-chuong-vuot-kho-gianh-hai-hoc-bong-toan-phan-tien-si-my-6438179626f0dc2d3c5820df&docid=573QvVCoBUpj4M&tbnid=HzsXl-r0F3H0KM&vet=12ahUKEwiTqO_7g8yMAxUVxTgGHfWeIZ8QM3oECBwQAA..i&w=680&h=408&hcb=2&ved=2ahUKEwiTqO_7g8yMAxUVxTgGHfWeIZ8QM3oECBwQAA


4. Quantum machine learning
Developing frameworks and new algorithms

C. Q. Nguyen et al. Mach. Learn.: Sci. Technol. 3 (2022) 015034

Quantum neural 
network (QNN) in 
hybrid quantum-
classical framework

Nguyễn Quốc Chương - Vượt Khó Giành Hai Học Bổng Toàn Phần 
Tiến Sĩ Mỹ - YBOX

N. Q. Chuong, 
(Duy Tan University)

https://www.google.com/imgres?q=Nguyen%20quoc%20chuong&imgurl=https%3A%2F%2Fi1-vnexpress.vnecdn.net%2F2023%2F04%2F08%2F338150479-954039045753105-5168-6068-3202-1680911293.jpg%3Fw%3D680%26h%3D0%26q%3D100%26dpr%3D1%26fit%3Dcrop%26s%3DHDHIZrJpcL-4b2lnKt3rGA&imgrefurl=https%3A%2F%2Fybox.vn%2Fguong-mat%2Fnguyen-quoc-chuong-vuot-kho-gianh-hai-hoc-bong-toan-phan-tien-si-my-6438179626f0dc2d3c5820df&docid=573QvVCoBUpj4M&tbnid=HzsXl-r0F3H0KM&vet=12ahUKEwiTqO_7g8yMAxUVxTgGHfWeIZ8QM3oECBwQAA..i&w=680&h=408&hcb=2&ved=2ahUKEwiTqO_7g8yMAxUVxTgGHfWeIZ8QM3oECBwQAA


4. Quantum machine learning
Developing frameworks and new algorithms
2024, we developed GA-VQA framework for quantum circuit generation

Prof. Le Bin Ho,
Tohoku University

Vu Tuan Hai, PhD 
Student

Nara Institute of Science 
and Technology

Vu Tuan Hai et al. Mach. Learn.: Sci. Technol. 5 (2024) 045057 



4. Quantum machine learning
Developing frameworks and new algorithms

- We are currently working on quantum support vector machine 
(QSVM) using GA-VQA

- QSVM is important for virtual screening
Kernel-based training of quantum models with scikit-learn | PennyLane Demos

N. M. Duc, TNL and others, Mach. Learn.: Sci. Technol. accepted 2026

https://www.google.com/url?sa=i&url=https%3A%2F%2Fpennylane.ai%2Fqml%2Fdemos%2Ftutorial_kernel_based_training%2F&psig=AOvVaw3ZPLknVVc-AwKeoElxeKUb&ust=1744292954789000&source=images&cd=vfe&opi=89978449&ved=0CBQQjRxqFwoTCOjw2uSLy4wDFQAAAAAdAAAAABAE


N. M. Duc, TNL and others, Mach. Learn.: Sci. Technol. accepted 2026

4. Quantum machine learning



Currently, we are developing trainable kernel 
QSVM (TK-QSVM)

Seth Lloyd et al. arXiv:2001.03622

Inner-product loss:

Trace-distance loss:

Maximize Likelihood loss:

4. Quantum machine learning

ND Quyen, TNL, and others arXiv:2607.12487

https://arxiv.org/abs/2001.03622
https://arxiv.org/abs/2607.12487


4. Quantum machine learning

ND Quyen, TNL, and others arXiv:2607.12487

Circle dataset

https://arxiv.org/abs/2607.12487


5. Summary

• Quantum computing, in principle, can be used 
for any steps in drug design strategy

• We are currently focusing on:
• Developing new framework and algorithms quantum 

molecular simulation.
• Developing quantum optimization methods for 

QUBO problems.
• Developing QML methods for virtual screening and 

data analyses.

• We have obtained some proof-of-concepts 
results → “realistic” simulation



pyCMF: quantum molecular simulation Qmes: quantum machine learning 

1. BSc. Program on Quantum Technology (VNUHCM-US, launched in 2027)
2. MSc. Program on Quantum Technology (VNUHCM-US, in preparation)
3. HPC Lab for Quantum Computing  (VNUHCM, launched in 2027)
4. Center of Excellence in Quantum Technology (VNUHCM – under preparation)
5. Laboratory for Quantum Technology  (VNUHCM - under preparation)

Recent news in Quantum at VNUHCM



Thank you very much for your attention!

Quỹ Phát triển KHCN Quốc gia - Quỹ Phát triển khoa học và công nghệ Quốc  gia

Vietnam National University, Ho Chi Minh City - Wikipedia

Nguyễn Quốc Chương - Vượt Khó Giành Hai Học Bổng Toàn Phần Tiến Sĩ Mỹ - 
YBOX

Visit us at quantumlab.vn 
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https://www.google.com/imgres?q=vnuhcm&imgurl=https%3A%2F%2Fupload.wikimedia.org%2Fwikipedia%2Fcommons%2Fthumb%2F3%2F37%2FVNU-HCM_logo.png%2F250px-VNU-HCM_logo.png&imgrefurl=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FVietnam_National_University%2C_Ho_Chi_Minh_City&docid=vZFuBFsykRwYuM&tbnid=oLTRb84IVi7o_M&vet=12ahUKEwjP0-aoisqMAxVMUGwGHT5oArYQM3oECEwQAA..i&w=250&h=123&hcb=2&ved=2ahUKEwjP0-aoisqMAxVMUGwGHT5oArYQM3oECEwQAA
https://www.google.com/imgres?q=Nguyen%20quoc%20chuong&imgurl=https%3A%2F%2Fi1-vnexpress.vnecdn.net%2F2023%2F04%2F08%2F338150479-954039045753105-5168-6068-3202-1680911293.jpg%3Fw%3D680%26h%3D0%26q%3D100%26dpr%3D1%26fit%3Dcrop%26s%3DHDHIZrJpcL-4b2lnKt3rGA&imgrefurl=https%3A%2F%2Fybox.vn%2Fguong-mat%2Fnguyen-quoc-chuong-vuot-kho-gianh-hai-hoc-bong-toan-phan-tien-si-my-6438179626f0dc2d3c5820df&docid=573QvVCoBUpj4M&tbnid=HzsXl-r0F3H0KM&vet=12ahUKEwiTqO_7g8yMAxUVxTgGHfWeIZ8QM3oECBwQAA..i&w=680&h=408&hcb=2&ved=2ahUKEwiTqO_7g8yMAxUVxTgGHfWeIZ8QM3oECBwQAA
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