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Hi therel

Hi, I'm Shaolun Ruan

| am currently a Ph.D. candidate of Computer Science at Singapore Management University, under the supervision of
Professor Yong WANG. Before that, | received my bachelor degree from University of Electronic Science and Technology
of China at School of Computer Science and Engineering in 2019. From 2020 to 2021, | worked as a Research Assistant at

Kent State University, U.S.

| develop novel graphical representations that enable a more effective and smoother analysis using machines. My work
focuses on handling complex domain problems in quantum computing, leveraging the methods from Data Visualization
and Human-computer Interaction.
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My Research e

. VIOLET: Visual Analytics for Explainable Quantum Neural Networks, Shaolun Ruan, Zhiding Liang, Qiang
Guan, Paul Griffin, Xiaolin Wen, Yanna Lin, and Yong Wang IEEE Transactions on Visualization and Computer Graphics
(TVCG 2023).

. QuantumEyes: Towards Better Interpretability of Quantum Circuits, Shaolun Ruan, Qiang Guan, Paul
Griffin, Ying Mao, and Yong Wang, IEEE Transactions on Visualization and Computer Graphics (TVCG 2023).

Weiwen Jiang, Ying Mao, Qiang Guan, IEEE Transactions on Visualization and Computer Graphics (TVCG 2022).

. VENUS: A Geometrical Representation for Quantum State Visualization, Shaolun Ruan, Ribo Yuan, Qiang
Guan, Yanna Lin, Ying Mao, Weiwen Jiang, Zhepeng Wang, Wei Xu, Yong Wang, Computer Graphics Forum
(Proceedings of EuroVis 2023).

. Intercept Graph: An Interactive Radial Visualization for Comparison of State Changes, Shaolun Ruan, Yong
Wang, Qiang Guan, Proceedings of IEEE VIS (VIS 2021).

Hailong Jiang, Weijia Xu and Qiang Guan, Proceedings of Design, Automation and Test in Europe Conference (DATE
2022).

. Visilience: An Interactive Visualization Framework for Resilience Analysis using Control-Flow Graph, Hailong
Jiang*, Shaolun Ruan*, Bo Fang, Yong Wang, and Qiang Guan, Proceedings of IEEE PRDC 2023.
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« Think about the “writing space”

« Set the tone making your paper “can be accepted”

«  What does a VIS-tier figure look like?

* Do everything before the April 1st
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Think about the “writing space” \; SMU

The idea of the paper ( and for VAST paper)
¥

The writing of the paper

¥

The figure's authentics

¥

Minor issues
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Think about the “writing space” \; SMU

Application

- Broaden the breadth of your research
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Contribution
visualizations or visual design ( )
* New requirements for an ( )
« Implications that benefits the vis community ( )

« Asound workflow to unify different parts ( )
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* Practice your academic writing
* Don't reply on GPT too much!

* “The palest ink is better than the best memory”

Howe, Stephen, and Kristina Henriksson. PhraseBook for writing papers
and research in English. The Whole World Company, 2007.

12
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Academic Terms

oC

Normal text -

\documentclass[10pt,landscape]{article}
\usepackage{amssymb,amsmath,amsthm,amsfonts}
\usepackage{multicol,multirow}

\usepackage{calc}

\usepackage{ifthen}

\usepackage[landscape] {geometry}
\usepackage[colorlinks=true,citecolor=blue,linkcolor=blue]
{hyperref}

\usepackage{blindtext}

\usepackage{multicol}

\usepackage{xcolor}
\newcommand{\shaolun}[1]{\textcolor{blue}{\textit{Shaolun:#1}}}

6 #1
\usepackage{tikz}
\newcommand{\autour}[1]{\tikz[baseline=(X.base)]\node
[draw=gray, fill=gray!4e,semithick,rectangle,inner sep=2pt, roun
corners=3pt] (X) {#1};}

#2
\newcommandx\circled[1]{\tikz[baseline=(char.base)]{

\node[shape=circle,draw,inner sep= 1pt] (char) {#1}

\ifthenelse{\lengthtest { \paperwidth = 11in}}
{ \geometry{top=.51in,left=.51in,right=.51in,bottom=.5in} }
{\1ifthenelse{ \lengthtest{ \paperwidth = 297mm}}
{\geometry{top=1cm,left=1cm,right=1cm,bottom=1cm} }
{\geometry{top=1cm,left=1lcm,right=1cm,bottom=1cm} }
}
\pagestyle{empty}
\makeatletter

\renewcommand{\section}{\@st.

n{section}{1}{omm}%

for Visual Analytics
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‘Who am I?

)
o

As a research student, an effective ability of paper reading and
paper writing is increasingly exerting rigorous and scalable

i on the ion of terminologies and
academic phraseologies. To this end, I build the manual with  sp
IXTEX for a quick check during my research. Note that the
elaborate contents such as methodology, taxonomy and logic
flow are beyond my scope. The preceding aspects are

highlighted with notations in respective papers.

Logical Phrases & Academic Terms

phrases
... is increasingly exerting ...
—srequirements on ...
1 ...gain wide popularity in.
1 ...play a key role in.
+ ...have attracted considerable public attention
t ...is becoming increasingly pervasive
+ The last decade has seen an explosive growth of
1 ..is of great significance and value
1 ..is extensively adopted in a variety of areas,
<such as...
. can be attributed to ...
+ with regard to
1 in terms of...
Apart from.
1 Aside from...
incorporate...into..
with an attempt to...
, ultimately.
...facilitate the ..to support.
, at the expense of...
Given a ..., ..
... are divided into 12 intervals
in a format of “year.month.day”
There appears to be ...
no optimal method for all graph tasks
... received little attention beyond ...
.are equally complex
We accomplish this via ..
frequently
..., Additionally {Furthermore, Moreover,
1Finally,
fTherefore,
different=various=diverse
Specifically == In particular,
sufficient
a feasible solution
system architecture

ded

31}

clinicians — who may... - are ...
the Aisrannantian o avacerhated hu the fact that

@b Review

Cookbook of Writing

Shaolun RUAN

consist of
express strong interest in such area
the starting point

time intervals

except for ..

In recent years

fically-designe

massive datasets

1 a substantial volume of.

f a tremendous amount of ...

t a vast amount of data
state-of-the-art

can be roughly categorized into..

= comprise

first step

good

mentioned above

_.even occasionally.
previously stated

legacy time-consuming
fulfill .. requirements
need ...are capable of...
enhance the ability of...
human knowledge
human analysts
ensure ... mitigation
1 increase the possibility of
—uncovering hidden patterns in...
+ generate beneficial knowledge of...
leads to
about
Besides.. perceive pattern & recognize pattern

combine...wifhbecause.
soasto.. Tas..
to... 1 due to...

1 because of.

prior study

encompassing..

By this means, ...

novice users

casual users

introduce new problem
Specifically...

To the best of our knowledge..
...can be difficult or even impossible
+ This work is related to

< prior research on...
..., making it less suitable for...
1t is found that..

This could indicate...

the sequence number

often

enough

...mentioned above

meet requirements

minimize...
uncover...

including...

users temporally

means that...
1,2,3

This situation poses a major challenge that...

Falle chart

Shaolun Ruan. Cookbook of Writing. 2021.

Share

@ submit ‘D History  [TJ Layout ~

@ chat

at the top right corner

temporal evolution process

explicitly

specialised research area

multidisciplinary research area

we produce leading-edge research

top-tier journals and conferenc

bring about impactful changes

in their respective fields

lay the ground in preparation for ..

solve ... tasks

perform promisingly

issues with transparency limit their adoption in ...

. can be challenging

literature sur

seamlessly incorporates ML into ...

integrate ... into ...

enriched interactions

associate .. with ...

store an individual’s profile

Despite

Nevertheless,

... have alre:

intrinsically

tailored design

run into problems in ...

remains an open question

one that is underexplored

The aforementioned challenges

Despite efforts by ... yo ..., ... remains

-averse domain

By. through ...
is exacerbated by the fact that...

clearly

s

Although

ly proven powerful
in fact

encounter prot

ass as it is, adv.
limit the adoption in ... practice

appl
identify challenges
contextual information
a visual analytics tool
facilitate...with. «
...that seamlessly incorporates...into..
.can be useful for...
Despite efforts by ... to..., ¢
challenges remain - including many associated with...
At the same time,

. continue to be developed

. built upon ...

literature survey

the reasons are twofold

engage with ...

... are often presumed to...,¢

In reality,

= system

Finishing Task
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Why need your research? -

3
What's your solution? -
3
What's new? -
3
The need from the domain to fill the gap? -
3

Your solution to meet the need? -
14



Set the tone making your paper “can be accepted” \i SMU

SINGAPORE MANAGEMENT
UNIVERSITY

¥
How will you convince me your approach is sound? -
¥
You think your approach is the perfect one? -
¥

Any other useful things for the follow-up researchers?

Now give me some take-away -

15
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Case study
« Tell a “multi-faceted” story.

6 CASE STuDpYy

In this section, we conducted two case studies on both small-scale
and large-scale quantum circuits to demonstrate the effectiveness of
VACSEN. The users involved in the case studies are two quantum
computing experts (Ul and U6) who also attended the user interviews
in Section 7. IBM Quantum platform was used to compile and execute
the quantum circuits on March 5, 20225,

6.1 Case Study | - Two-qubit Circuit

U1 employed VACSEN to explore the noise of different quantum com-
puters and select an appropriate compiled circuit for the two-qubit
circuit introduced by Ash-Saki et al. [6]. This circuit is often used for
demonstrating the different probabilities of correct results.

Striking a trade-off between quantum computer noise and queu-
ing time. Both quantum computer noise assessment and queuing
number awareness are crucial for quantum computer selection, which

6.2 Case Study Il - Shor’s Algorithm

U6 used VACSEN to assess the quantum noise when trying to exe-
cute a large-scale quantum circuit, i.e., Shor’s algorithm. Shor’s algo-
rithm [49] is a famous and widely-used quantum algorithm for integer
factorization. Meanwhile, it is usually used for the evaluation of noise
optimization algorithms [14,43]. The experiment was conducted on
the IBM Quantum platform on March 5, 2022.

Balancing different noises of a quantum computer. Since the
Shor’s algorithm requires seven qubits, the potential quantum comput-
ers are those with no less than seven qubits, i.e., ibm_lagos, ibm_perth
and ibmgq_jakarta. U6 changed the time range and interval to 30 and 7
respectivelv in the control panel. to explore their status in the past month.

6.1 Case Study | - Forward Exploration

We worked with E12, who is a Ph.D. student with 3.5 years of experi-
ence in quantum neural networks, to explore the model’s prediction pro-
cess. As suggested by E12, we reproduced the standard 2-dimensional
datasets introduced by Zhou et al. [86] in advance. We then imple-
mented the 3-qubit encoding and ansatz layer following the tutorial by
Paddle Quantum [53]. He was asked to conduct the analysis task of
forward exploration.

6.2 Case Study Il - Backward Exploration

We worked with E2, who has 8 years of working experience in quantum
computing, to investigate the 4-qubit variational circuits with the dataset

generated by the make_circles function from the scikit-learn library.
The architecture of the circuit remains the same as in the previous case.

He was asked to use VIOLET to conduct the backward exploration for
diagnosing quantum neural networks.
Identify the incorrectly-classified data points. E2 started by

observing the augmented heatmap to identify the target data point.

E2 first glanced at the line charts (Figure 6) and easily found that
the accuracy started to increase in Epoch 1 and converged around
Epoch 50. So he selected Epochs 1, 25, and 50 to analyze further. As
shown in Figure 6, the variational parameters were just initialized
and the features learned by the model were randomly distributed, as
indicated by the background augmented heatmap. After 25 iterations
of training, the uncertainty of the model is high, where the confidence
of predictions for Class A and B are relatively close (Figure 6). “I
think the prediction will be totally random because the model seems
to be uncertain for any input attributes.” Then, in Epoch 50, the
background is divided into three layers, while the middle layers in blue

16
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Case study

e Do notinvolve “Strawman”
* Is it the same as the “usage scenario”?

 Split it into several “sub-stories”
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A. Case Study I - Grover’s Algorithm

Grover’s algorithm [60] is a quantum computing algorithm
for searching an unsorted database, which is shown to be
more efficient than classical algorithms. It works by repeat-
edly applying a process called amplitude amplification, which
increases the probability of selecting the correct item(s) and
decreases the probability of other items. We worked with E12,
whose research interest includes applying Grover’s Algorithm
to speed up the unstructured searching problems. To find
more insights behind the quantum circuit used in his research,
E12 leveraged QuantumEyes to interactively explore Grover’s
Algorithm. Following the example [62], we implemented a
2-qubit Grover’s Algorithm for the study.

Identifying the functionality block from the visualiza-
tion. EI2 began by examining the Probability Summary
View and quickly noticed that the probability of State |00)
was the largest at the beginning of the circuit. However,
this dominance gradually diminished and was replaced by

Uncovering the facts of the initialization and oracle.
After the identification, E12 started to perform an in-depth
analysis of each functionality block. By brushing the steps
of initialization and the oracle from the stacked area chart,
the State Evolution View was displayed as shown in Fig.
B@ To delve further into the quantum gate’s effect from a
high-level perspective (R2), E12 clicked the “h” symbols of
the Hadamard gate and displayed the visual explanations of
the Hadamard gates (Fig. [§@)). Taking a close look at the

Exploring the hidden Insights of the amplihication. K12
proceeded to analyze the functionality block of amplification,
which is employed to amplify the probability of the flipped
target state. By brushing the corresponding steps in the stacked
area chart, E12 got a quick intuition of the operations of the
CNOT gate (Fig.[§( and (@) and the NOT gate (Fig.[§E&). To
determine the reason for the sudden increase in the probability

< SMU
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of State [11) (R2), E12 took
noticed that the Hadamard g
(i.e.. 10) and 1)) and geners

{

Understanding the architecture of QFT algorithm. The
expert E3 started by brushing the whole quantum -circuit
from the probability overview because he thought the QFT
algorithm is an entity that cannot be split into different
functionality blocks. Indicated by the first two X gates with
probabilities of 1.0, E3 commented, “These two X gates are for
the state preparation because the lengths of the line segments
remain the same during Block 1.” Meanwhile, he speculated
the number to be mapped is 5 due to the decimal of State
|101). After identifying the number to be mapped, E3 started
to investigate the quantum circuit architecture of the QFT
algorithm (R2). By exploring the State Evolution View along

18
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“Hidden Reference Line” - the secret of looking neat

Hadamard gate

Quantum data embedding i Model layer

i RY gate i RY gate RZ gate : easuremen

Hadamard gate
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Determine border type based on the hierarchy

* Determine border type based on the hierarchy
 Quter: solid border
 Middle: hollow border

* Inner: simple shape

VACSEN |_I_
[ ]

Processing
= ) 4

- N
Processing
@
: it Exacton

lues Calculate Ref. Value Property Matching
Data Quantum Job
e _ _a= —a® _ \l'
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by Ruan S. ’ by Wu A.
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Source
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 https://www.bilibili.com/video/BV1im4ylZ7WN/?share_source=copy_web&
vd_source=7cbca323e3701c23778ec202b2bce3b8
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 https://www.bilibili.com/video/BV1ox411f7tA/?share_source=copy_web&vd_
source=7cbca323e3701c23778ec202b2bce3b8
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Take away for figure making [, , omron

* Assimple as possible

4 I . ]
. COLOR Border - FYI

* Same “position” in chromatogram
* At the top left of the chromatogram, no “bottom right”
» Color number as few as possible . ‘

\_ ) ‘

« LAYOUT

« “reference line” in your heart!

/° SHAPE \ g

* Chinese: https://www.iconfont.cn/
» English: https://www.flaticon.com



https://www.iconfont.cn/
https://www.flaticon.com/

Do everything before the April 1st
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Do everything before the April 1st

* Finish your draft 2 weeks ahead the deadline

* Video and appendix make your research more solid to
reviewers

« Open-source your tool and demo
- Treat your paper like an “art piece” W

*  Your draft needs proofreading!

Don’t miss a single deadline .



Thank you for your attention!
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Call for collaboration

| am looking for chance working with enthusiastic students!

1)

It's you!




