Witnhess the New Era of
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Enhance the transparency of
guantum computing using
visualization
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Hi therel

Short Biography

Shaolun RUAN (Et844£) is currently a Ph.D. candidate of Computer Science at
Singapore Management University, under the supervision of Assistant Professor
Yong WANG. Before that, he received his bachelor degree from

University of Electronic Science and Technology of China majoring in
Information Security at School of Computer Science and Engineering in 2019.
From 2020 to 2021, he worked as a Research Assistant at Kent State University,
U.S.

His major research interests include Data Visualization, Human-Computer
Interaction and Quantum Computing.




Quantum computers have shown a considerable
speedup over classical computers




1 5 y 6 5 O guantum computer physicists were

employed in the U.S. in 2015.

9 O different types of new job postings for quantum

computing commercial jobs in 2018.



Start-up Companies
® Rigetti
* lonQ

Big IT Companies
° IBM

®* Google

®* D-wave

® Xanadu

®* Amazon

® Microsoft

® Intel ® Quantum Circuits, Inc.

®* Alibaba



Quantum Advantages
* Integer Factorization
 Unstructured Search
 Fourier Transform

* eftcC.

https://qiskit.org/textbook/ch-algorithms/index.html




Quantum Machine Learning
Quantum Chemistry

Financial Modelling
Cybersecurity & Cryptography
Drug Design & Development

more...



N R | .
= CEOs of quantum computing companies have noted
I\“ a lack of trained quantum computer scientists in hiring

by

| Piattini, M. (2020). Training needs in quantum computing



However, due to a Steep Learning CU rve,

it is not a trivial task to achieve the quantum advantage.



Quantum computing is hard for
people to understand with ease




Quantum computing visualization
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Eurographics Conference on Visualization (EuroVis) 2023
D. Archambault, R. Bujack, and T. Schreck
(Guest Editors)

VENUS: A Geometrical Representation

Visualization What's new?

A novel representation to visualize
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So what?

Visualizations have played a crucial role in helping quantum computing users explor.

puting applications. Among them, Bloch Sphere is the widely-used visualization for T h e m e a S u re d p ro b a b i | ity Of b a S i S

angles to represent quantum amplitudes. However, it cannot support the visualizatio
sition, the two essential properties of quantum computing. To address this issue, we |

quantum state representation. By explicitly correlating 2D geometric shapes based State Ca n b e eX p | a I n e d VI a t h e

puting characteristics, VENUS effectively represents quantum amplitudes of both th.

entanglement. Also, we use multiple coordinated semicircles to naturally encode pro a m p | it u d e S fo r' S i n g | e - a n d tW O -

superposition intuitive to analyze. We conducted two well-designed case studies anc
the usefulness and effectiveness of VENUS. The result shows that VENUS can effect

states for the single qubit and two qubits. q U b I t St a te S .

CCS Concepts
* Human-centered computing — Visualization application domains; * Hardware —
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QuantumEyes: Towards Better Interpretability of
Quantum Circuits
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|p>=[[-0.13,0.428],
[0.07, -0.495],

B Measured probability
The area of the circle (e.g., © ) denotes the

[-0.1, -0.2],

[0.5,0.5]] probability of the basis state (i.e., 0.5).
What's new? 30 what?
A novel VA system to explain the static The system can make people better
quantum circuit understand the static circuit
+ +
A novel representation to visualize N- A novel representation to explain the

qubit quantum state probability without visual clutter
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VIOLET: Visual Analytics for Explainable

Category: Research
Paper Type: application/design st

What’s new?

The first VA system to visualize
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The future of VIS4QC
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Additiona] Questions:
1. Which category descripes this manuscript?: Application




Application-based

* Quantum finance, quantum chemistry, etc.

 Q-CNN, Q-GAN, Q-RNN, etc.

User interaction enhancement

« Document enhancement of online tutorial

« Transfer non-intuitive QASM code to graphical representation
Explanability

* Quantum-specific angles like barren plateau, expressibility of QNN
« Traditional-inspired ideas like education purpose, what-if analysis,

etc. approaches for QNN

Speedup for traditional visualization

« Graph drawing

* Visualization recommendation

« Others...
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Be part of VIS4QC!

In 2016, visual analytics step into the era of deep learning.
Let's embrace the next generation of visualization community!




Thank you for your attention!




