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Development of Measurement Method for Spin Qubits

in an Integrated Quantum Dot Device

Haruki Kiyama

Associate Professor, Kyushu University

High-fidelity projective measurement is needed for
practical implementation of quantum computers.
Spin qubits in semiconductor quantum dots (QDs)
will be suitable for scaling up. The measurement of
single-electron spin polarization has already been
realized in a few-qubit systems. One of the next
challenges is the implementation of spin
measurements in large-scale two-dimensional (2D)
QD arrays. However, in a 2D QD array, sensors
used for spin measurements are placed at the
periphery of the array, which limits the
measurement fidelity for qubits in the middle of the
array. In this work, we develop a spin measurement
scheme suitable for large-scale QD arrays.

The new spin measurement scheme is called
double latching (DL) scheme. We improved the
conventional latching scheme [Harvey-Collard,
PRX (2018)] to achieve both "further improved
measurement fidelity" and "feasibility in large-scale
QD arrays". The DL scheme minimizes the errors
due to spin relaxation and charge-state leakage by
applying an additional voltage pulse immediately
after the conventional latching method.

We demonstrated the DL scheme in
GaAs/AlGaAs double QDs as a proof-of-principle
experiment. We observed that the relaxation time
was significantly extended by the DL scheme
compared to the conventional latching scheme,
improving the spin measurement fidelity to be
97.1% from 91.6% with the conventional latching
scheme (Fig.). We further improved the fidelity by
enhancing the contrast of the spin-dependent

tunneling rate in the DL process and optimizing the

gate voltage conditions. The results suggested that
the fidelity of 99.94%, the highest reported to date
for semiconductor spin qubits despite the relatively
short spin relaxation times in GaAs QDs.
Regarding application to 2D QD arrays, by
maintaining the spin-charge correlation using a
double latching method, charge leak errors and spin
relaxation errors can be reduced, while enabling
measurements such as single charge transport and
gate distributed charge measurements. It is
expected that high-fidelity spin measurements can
be achieved by combining with various scalable

charge measurement techniques.

g =
= 120t =
2 =
S 8o} °
[0} —
C C
[ >
2 40¢ a
) =
- )
T 0 o)
9 —~
2 1.0 %
(%) N
0.9
>
g 0.8
[ 4 Conventional
0.7 } latching

Bttt
-120-80-40 0 40 80

Detuning (uV)
Fig. (top) Detuning dependence of the spin-
dependent tunnel rates in the DL process. (bottom)

Comparison of spin measurement fidelity between

conventional latching and double latching.



GEfE - A7 —2vMr¥  Communications/Internet))

(22-02)

TNRARMAI 22— a2 RETEIAHZZALTHA Y

il

A

P AN

PR T RS R¥EGE TN 8%

[oT® 5G ¥ —bvRDERICIV, A v Z2—F v
MCEHE S N D BN VT N ZBUT A 2 H5e 1)
TWwb, —J7C, RZEM R AN —x2 ) THRICE
3532 OHERPREABEBERD V2B KE %
MEE o T\W5, ZORREKED—DE LT, 7T
A AR CHEBBET 27 4 Affala=r—
vavpffEncwd, ZELERD T4 R
Mala=r—vavyoiffssnlli, 2v Y
— 7% VT7ICk IR LCTHY. HiE
BFE BT 2 HUY AR FIEF IC D 7 o 72,

AFFROHM I, 2 —=FS D734 Zfi]=
lasld—vavERETEAN=ZXLTFAL v
ZHRET L5 L TH D, AWIREICIIFRIC, X fERIC
LED T 4 A 7L A4 DX 5 miE, ZERKC
A — b7 VDA AT EHAOZAENEETH
DA ATBEBICERLE, ThbBEET VX
NH A 3=V LED v ¥ s vir &, BRIk
¥ZOFTEEHE LCHHL, 27X 7 2L
A= bFT A 22O TRZEKE LTHHA
T35, A=w—F 75 v AR EICKYERE L -G
OHD L, KT ED 2 7w EMH L, Y%
o RGB fli7s &5 bHER#ERHT 5,

B DB S AR RD—> & LT,
Signage Cipher Modulation (SCM) ##2ZE L 7= (X
Do SCMoHMIZ, T4 AT VLA TV 234
=V ETRMI N MG 2 v T v Bk
Rz, Thd, aver e LT 4%
HEER S ICHBIL T B, HEERS LT, FEEOR
RIS L CRA vy =V R B2 2 HETH D, BE
HFORDR—VEPTHSHEREEST 2L T
HEEZRES 5, ZOFERENS & FRDOE 277 T,
SCM IZ BT idlgRa v 7 v Y WD H ALY fi7iE
#IET B L TOHEFTOEEEIT I M 1 Ol

Tk, ARV TRy vy YY) TOLETICE
#L T3, EHEFEE RGB 7 7 —F ¥ AL D%
fto7wic, 4oy MgEE2ERT ) 7O
DAL TS, $ZEHIATDOTL—LL
— M BRE L 2% EE L, FKEFEAES b FH
RICERIND, T—2DmEICO>NTiE, BT
V7 Tl fiEZIEEST 2 2 & THE
T35, Tabb gD 7L —L T LITHETEL
CTHIAAIRE R IS A e 3 2 A, Makiid %
BETESE2ERACY TIHAT 2, ZIEH L.
BUZICRI L CH A T AT THL T LT, g
VTV EERHIY) TICHAI NG L i
T2, av T vYHNOREI NI O RGB L
% FHAHY . RGB 71 7 —F ¥ 2 VEL 7 & %47
o/ bET, BEEINET—2E2%ET 5,
REFECOVT, WHT A AT LA BIUR
~— b7 v EMCEREEZ TV, YR LICE
#LizvvARrey b EHAWTEBICHES DR
EDNHER C & BMER L 72, b, MR % i3 2
TANA R X > TREOEOTERTONDE 29,
ZEHL b A~—F 74 VlOESUHE AD
FTCHEBETDORXVLREL 2 BB S5HOPETH 5,

Content area

Codeword Time-sync. signal

H1SCMoayv+ 7}t

(Japan 22-02)

Mechanism Design for

Encouraging Device-to-Device Communication

Yu Nakayama

Associate Professor, Tokyo University of Agriculture and Technology

The purpose of this study is to propose a
mechanism design that facilitates user-participatory
inter-device communication. In this period, we
especially focused on optical camera communication,
which is visible light communication using a light
source such as LED or LCD as a transmitter and a
smartphone camera as a receiver. In other words,
familiar light emitting objects such as LCD digital
signage and LED vision are used as transmitters,
and smart devices equipped with cameras are used
as receivers. Pixels occupied by light sources are
extracted from video images captured by
smartphones and other devices, and optical signals
are demodulated from RGB values in the relevant
areas.

We proposed Signage Cipher Modulation (SCM)
as an optical signal embedding scheme for video
(Figure 1), and the purpose of SCM is to use video
content broadcast on displays and digital signage as
a transmission medium. The concept is similar to
the well-known book cipher. A book cipher is a
method of conveying a message using a specific
book as a medium. A word is identified by specifying
the number of pages and line numbers in an existing
book. Using the same concept as the book cipher,
SCM transmits optical signals by specifying the
reading position in the video content. In the
example in Figure 1, the modulation area is defined
above and below the content area. Pilot signals are
embedded in part of the modulation area for spatial
and RGB  color

equalization. Assuming the case where the frame

synchronization channel

rate of the receiving camera is different, the time

11

synchronization signal is defined in the same way.
Data transmission is performed by specifying the
reading position using the modulation area. That s,
if there is an area that can be used as an optical
signal for each frame of the video, a signal specifying
the area is inserted into the modulation area. The
receiver takes a picture of the video content and the
signal inserted in the modulation area by pointing a
camera at the video. The receiver reads the RGB
luminance values of the specified area in the content,
performs RGB color channel equalization, etc., and
then receives the transmitted data.

The proposed method was verified using an LCD
display and a smartphone, and it was confirmed that
optical signal transmission is actually possible using
a set of symbols defined for each video. However,
since the coloring may be adjusted depending on
the device used to broadcast the video, color
component discrepancies may occur in combination
with signal processing on the smartphone side,

which serves as the receiver.

dulation area

Content area

Codeword Time-sync. signal

Fig. 1 Concept of SCM
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VLC signal Transmission Equipment
Suitable for the Rolling Shutter Method

Takaya Yamazato

Professor, Nagoya University

Abstract:

This study delved into the application of Visible
Light Communication (VLC) through the rolling shutter
method, commonly found in everyday cameras such as
smartphones and  dashcams.  Specifically, we
investigated the reception of VLC signals using a rolling
shutter-type image sensor installed in a moving vehicle.

Unfortunately, the development of the transmission
device faced delays due to the recent surge in electronic
parts prices and challenges in sourcing specific
components. Initially, our research aimed at LED
transmission device development, but these obstacles led
to a postponement.

Despite setbacks, we achieved successful reception.
To our knowledge, this marks the first instance
worldwide of receiving a Visible Light Communication
signal using a rolling shutter-type image sensor in a
moving vehicle. Our groundbreaking findings have been

published in the prestigious IEEE Photonics Journal, a

leading journal in the optical wireless field [1].

Research Findings:

We conducted experiments receiving VLC signals
with the rolling shutter-type image sensor in a vehicle
traveling at 40 km/h, confirming seamless signal
reception [1]. Subsequently, in December 2023, we
repeated the VLC experiment with the moving vehicle,
increasing the speed to 60 km/h.

Moreover, | delivered a keynote lecture [2] at the
IEEE Symposium on Computers and Communications
(ISCC) Workshop on Optical Wireless Communications
held in Tunis, Tunisia, in July 2023. During this event, |
presented research findings on VLC [3]. Furthermore,
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we researched performance enhancements through High

Dynamic Range [4].

Research Achievements:
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Methods of Presenting Gaze-Awareness in Virtual Spaces for

Serendipitous Encounter and Evidence for its Effectiveness

Junko Ichino

Professor, Tokyo City University

Background and Objective

Casual communication with acquaintances or strangers
is important because it often leads to problem solving
and innovation creation. However, with the surge in
communication in the digital space, where the purpose
is clear, opportunities for people to engage in incidental
communication have plummeted throughout our daily
lives.

This study focuses on eye gaze behaviors, which
play an important role in initiating communication,
and aims to induce incidental communication by
visualizing the originally invisible gaze in a 3D virtual

space, one of the digital spaces.
Visualization Method for Gaze-Awareness

We categorized the eye gaze behaviors that can occur
between people prior to the initiation of communication
into two types (one-sided gaze, in which one person
gazes at another, and joint gaze, in which two people
gaze at the same object, Figure 1), and designed and
implemented three gaze-awareness visualization methods
(Arrow pointing in the direction of the gaze sender,

Bubble flowing from the sender, and Miniavatar of the

sender) for one-sided gaze and joint gaze, respectively.

Study for Evaluating Effectiveness and Findings

A total of 96 participants (48 males and 48 females,
aged 2049 years), recruited from the public, shared a
virtual space with confederates using either a non-
visualized gaze-awareness (Control) or one of the three
visualized gaze-awareness (Arrow, Bubble, and Miniavatar).
We examined the behaviors and subjective experiences

of the participants when the confederate gazed at the
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participant in the guise of an incidental encounter.

To evaluate the participants’ behaviors, we determined
the communication induction rate, i.e., the percentage
of participants reacted in any way (verbal, nonverbal, or
glancing reaction) to the confederate after receiving
their gaze. The results showed that participants were
three times more likely to react to the confederate for
all visualized gaze-awareness than for non-visualized
gaze-awareness (Control: 15.0%, Arrow: 45.4%, Bubble:
54.5%, Miniavatar: 47.1%). Further examination of the
induction rate for each reaction showed that Bubble
had more positive effects, with the participants reacting
both verbally and nonverbally.

To evaluate the participants’ subjective experiences,
we asked them to answer questions about their
impressions of receiving the gaze. The results

showed that the participants responded positively.

One-sided gaze Joint gaze

__Gazereceiver
;.‘f\:"(‘_ i
Gaze receiver o 9
. Gaze

Gaze =
sender 1(@) @sended

Figure 1: Two types of gaze behavior

Gaze sender

Frontal view of the receiver
Figure 2: Bubble flowing from the direction of the
sender of the gaze

| B\

Point of view of the receiver

Sender’s miniature avatar
Figure 3: Miniavatar looking at the receiver,
smiling, and waving its hand
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Dimensional Reduction of Single Neuron Networks

Based on Non-Uniformity in the Cerebral Cortex

Keisuke Ota

Assistant Professor, The University of Tokyo

Since McCulloch and Pitts proposed a formal
neuron model in 1943, there have been numerous
developments in neural networks. What makes
neural networks distinct from other machine
learning models is their history of development by
successfully incorporating biological features of the
brain. For example, incorporating learning (in which
the coupling strength between neurons changes in
an experience-dependent manner) has enabled pattern
recognition, and incorporating recurrent coupling
has enabled dynamic data modeling. However, network
structures are typically designed problem-dependent
based on empirical rules. No network structure that
reflects biological features has been proposed. This
may be because the network structure at the single-
cell level has not been clarified in the living animal
brain, especially in the cerebral cortex. Based on our
research (Ota et al., Neuron, 2021), I assumed that
non-uniformity in the cortex provides a clue to the
identification of cortical neural circuits.
My collaborators and I developed a new wide-field
two-photon microscope, FASHIO-2PM. The FASHIO-
2PM enabled us to observe the activity of more than
16,000 neurons from a field of view of 9 mm? (36
A

V cnzam

R 16

Hziimh W 27-U88
| ERicEsErem

times larger than that of conventional microscopes).
Functional connectivities were estimated from the
pairwise neuronal activity. The degree distribution
of the functional connectivities followed a long-tail
distribution. Hub neurons were found at the tail of
the distribution (probability of existence <1%),
cooperatively active with more than 100 cells. These
results suggest that the influence of each neuron's
activity on the whole system in the cortex is not
uniform. Furthermore, they lead to the idea that
focusing only on the rare neurons and their network
is sufficient to understand cortical information
processing.

In this study, I aimed to identify a distribution of
statistics based on the activity of single neurons
rather than the strength of functional connections
between two neurons. Therefore, I have established
an in-vivo imaging system in which a motorized
stage and a two-photon microscope are controlled
in real-time. The captured images are stitched
together by image processing based on mutual
information (Fig. 1). In the future, it will be necessary
to derive the non-uniformity of the cerebral cortex

from the recorded activity of each neuron.

Ao ERER
ERETLLTHETS

W 2xFHE W A7-V8B0

(T TR : [200um | SR
B 2%FA4 A —Y v 7 %FIF L 7 Image stitch
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p
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Fig. 1 Image stitching using two-photon imaging
(A) Overview of in-vivo two-photon imaging system with image stitching. (B) Two-photon images of all 16
(=4 % 4) regions concatenated. (C) Image stitching algorithm. Two images were stitched at the position that
maximizes the mutual information content of the intensity distribution. (D) Enlarged view of the stitched
area. The arrows indicate the stitching boundaries of the adjacent upper and lower images. It can be seen

that blood vessels and cell bodies are smoothly connected.
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1. H. Hosoya. A computational model that learns to
represent abstract relational structure from memory-
based decision making. Neuro, Aug, 2023.

2. H. Hosoya. A Cognitive Model for Learning Abstract
Relational Structures from Memory-based Decision-
Making Tasks. ICLR, May, 2024.
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Basic Research on Artificial Intelligence

Inspired by Hippocampus

Haruo Hosoya

Senior Researcher, Advanced Telecommunications Research Institute International

Purpose of Research

Although the hippocampal system of the brain is
believed to be responsible for spatial and episodic
memory, its computational principles have not been
clarified, and its application in the field of Al is an
unexplored area. In this study, we will develop a
method for constructing an Al model that mimics the
hippocampal system and its basic analysis technology,
with future possibility for fusion technology with

brain imaging methods.
Research Results

In this research period, we constructed a model
inspired by the recent neuroscientific hypothesis that
“the hippocampal system learns and represents the
contents of entities and the general relational
structure between entities” (Eichenbaum & Cohen,
2014). The model used an architecture consisting of
two modules: a recurrent net representing abstract
relational structures and a memory mechanism
representing the correspondence between relational
structures and entities (Figure A). The model was
trained by random walking in a variety of concrete
2D environments so that they could learn abstract
relational structures. After training, we confirmed
that the relational structure generalized in the novel
task environment (Figure B). We also found that the
internal variables of the model showed location-
specific response properties in a hexagonal grid,
similar to the properties of the medial entorhinal cortex
of rodents (Figure C). To further explore whether

abstract relational structures can be learned in
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different types of tasks, we developed a model that
maximizes the reward for correct inferences by
inferring relations for pairs of randomly presented
entities (Figure D). Evaluation of this model revealed
increase of the quality of the abstract relational
structure increased during training. We also confirmed
that the model can eventually attain the performance
similar to human subjects (Kumaran et al., 2012). In
the future, we would like to further analyze and scale
up these models and prepare for collaborative studies

with fMRI measurement experimental researchers.
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Informatics-Based Research

for the Treatment of Infectious Diseases

Hideyuki Shimizu
Professor, Tokyo Medical and Dental University

Background and Objectives

Since the discovery of penicillin, antibiotics have
been the foundation of modern medicine. However,
the recent global spread of antibiotic-resistant
bacteria has become a major problem. It is predicted
that if research and development in this area does
not progress, the number of deaths caused by
resistant bacterial infections will reach 10 million
per year by 2050.

In this study, I will develop the basis for attempting
to search for antibiotics using information science.
I will develop a model using deep learning
technology, which has been flourishing in recent
years, and aim to predict promising compounds by
virtually exploring billions of compound spaces with

sufficient diversity.
Results and Discussion

[ extracted protein information and compound
experimental data for 23 microorganisms of clinical
importance from STITCH, a database of the
European Bioinformatics Institute. The data were
quantified using the protein language model ESM-
2 for proteins and the Morgan fingerprint for
compounds. As a baseline, I created models using
machine learning methods such as random forests
and support vector machines, but these models have
the disadvantage of high accuracy but very low
precision and recall. This indicates that the models
ignore positives, which are only a small portion of
the data, and learn to judge all positives as negative.

In response to this, [ introduced a weight balance to
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evaluate the imbalance of the data, but no
significant improvement was observed. These
machine learning methods have characteristics such
as being robust to table data, and I thought that it
would be difficult to extract features from the
protein and compound representations abstracted
by ESM-2 and Morgan fingerprint. Therefore, 1
decided to focus on building a deep learning model
that excels in feature extraction, which was being
created in parallel with the machine learning model.
[ constructed a deep learning model with
attachments that utilizes the compound embedding
vectors from Chemical Checker together with
Morgan fingerprints, and confirmed that the model
with these modifications improves the prediction
accuracy. By incorporating methods such as
dropout and regularization to suppress overfitting,
the correlation coefficient between Al predictions
and experimental values can be improved to 0.709,
and the model has succeeded in capturing the drug-

like characteristics of proteins and compounds.

This research was supported by The Okawa
Foundation for Information and Telecommunications.

[ would like to thank all the people in the foundation.
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Elucidation of Perception and Propagation Mechanisms of
Bone-Conducted Sound Presented on the Face and the Scalp
and its Application to Novel Hearing Devices

Seiji Nakagawa

Professor, Chiba University

Introduction

In conventional bone-conduction (BC) devices, a
vibrator is typically attached to the mastoid process
of the temporal bone or the condyle process of the
mandible. However, BC-sound presentations to
facial parts such as the nose and cheek have also
been investigated recently. As the face is the among
the most complex structures of the human body,
transmission of sounds using BC on different facial
parts are likely to show different perception and
propagation characteristics than those presented to
conventional parts. However, the characteristics of
BC sound presented to different part of the face
have not yet been studied in detail. To test the
frequency discrimination ability, we measured
difference limens for frequency (DLFs).

Methods

BC sounds were presented to the following body
parts (Fig. 1): the mastoid process (temporal bone),
condyle process (mandible), nasal (nasal bone),
infraorbital region (maxillary bonen), zygomatic
(zygomatic bone), jaw angle (mandible), and chin
(mandible). All experiments were conducted in an
anechoic room. The subjects wore silicone earplugs
n both ears to observe the perceptual characteristics
of only the BC components.

The BC sounds were presented using a BC vibrator
(Radioear, B-81). The vibrator was fixed using a
sponge and an elastic band.

Two different tone bursts with frequencies of fc+Af
and fc-Af were presented continuously, and the
discrimination threshold Af was obtained using a two-
limb forced-choice, 1-up-2-down, up-down deformation
method. The stimulus was a tone burst of 400 ms
duration with a 30 ms linear ramp between rises and
falls, and a stimulus intensity of 20 dB SL. The center
frequencies (fc) were 125, 250, 500, 1000, 2000,
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4000, and 8000 Hz. The same measurements were

made for comparison with air conductance tones.
Results and Discussion

The DLF increased significantly at 125 Hz and 8000
Hz regardless of the stimulus type or presentation
site. There was no significant difference in DLF
between conventional, facial, and pneumatic
conduction sounds in the mid to high frequency
range of 1000 - 8000 Hz. However, DLF tended to
increase significantly in the low frequency range of
125-500 Hz, especially in the facial region.

The results suggest that the frequency resolution of
the facial parts was about the same as those of the
conventional parts, and that practical frequency
information and speech perception are possible with
BC devices attached to different facial parts.
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Physical Mock-up Technology
to Digitize Upstream Stage of Design

Tamotsu Murakami

Professor, The University of Tokyo

Background and Objectives

The midstream stage of the design process has been
enhanced by IT and digital engineering technologies
such as CAD and CAE. In present product design,
however, it is important to think about "what to create"
at the upstream stage for a better life and society, as well
as industrial competitiveness. An approach to supporting
such ideation is to conceive a wide variety of possible
shapes at the upstream design stage and evaluate their
effectiveness with a certain degree of accuracy without
much effort or cost.

The purpose of this research is to propose a physical
mock-up technology at the upstream design stage that
enables usability evaluation by testing the shape and
structure of products based on various ideas with human
touch and feeling, and acquiring digital data related to
their operation.

Infrared Motion Capture and Transparent
Mock-up

This study conceived a new physical mock-up that
combines an infrared motion capture device (Leap
Motion) with a visible light absorbing and infrared
transmitting filter on a three-dimensional object made of
a thin transparent plastic sheet. This mockup is as opaque
to humans as a normal object, but infrared light is
transmitted through it, so that the movements of hands
and fingers handling the mock-up can be captured and
digitized from one direction in infrared light without
being blocked by the object (Fig. 1).

Fig. 1 Visually opaque and IR transmission mock-up.
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Position and orientation measurement of
mock-up by video analysis

Although the movement of hands and fingers can be
captured, it is necessary to align the position and
orientation of the mock-up to those of hands and fingers
in order to reproduce the operating state of the mockup.
In this research, first, blue tape with a width of 1 mm is
applied to the main edges of the mock-up, which is then
analyzed by video analysis to obtain how the edges look
from a web camera (Fig. 2).

Since the mock-up shape currently used is known, we
calculate what rotation around the x-, y-, and z-axes and
translation in the x-, y-, and z-axes generate the same
edge appearance as the image at each video frame by
matching the pixels of the edges with the projected shape
model edges (Fig. 3).

Usability Evaluation of Various Shapes

Using this mock-up technology, usability evaluation

of various shapes can be conducted (Fig. 4).

Fig. 3 Position and posture of hand and mock-up.

> |

Fig. 4 Various shape 1deas
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Development of Digital Patient Education with an Automated

Biometric Collection and Health Assessment Feedback System

Tomohiro Ishinuki

Assistant Professor, Sapporo Medical University

Background and objectives

The gap between life expectancy and healthy life

expectancy is a severe problem in a super-aged society.

Health monitoring and behavior change are essential
to prevent frailty and sarcopenia in patients. In recent
years, healthcare IoT, which utilizes wearable devices
for health information, has been focused. However,
Japan has been challenged to catch up with other
countries introducing healthcare IoT systems.
Therefore, this study aimed to develop a web
application (McCap: Medical capturing and reacting
application) that implements an automatic collection
of patient information and feedback for health
assessment to give back to patients' health promotion.

The study was conducted as part of a pilot project.
Pilot operation and results

McCap implemented an automatic data transfer
program using the OAuth API, disclosing Consumer
Key and Consumer Secret and obtaining Access
Tokens from Fitbit, a wearable device that collects
sleep data, and InBody, which collects body
composition data. The data is temporarily stored on

a gateway server. Each data is passed to McCap's

ﬂ Storing sleep data
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Fig. Developed McCap data flow.
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internal processing after optimizing the data via a
gateway server, and the data management (MySQL),
statistical processing (CakePHP), display processing
(HTML et al.) on a single server, a health
information feedback system was constructed.

Data was collected from nurses to test the
developed system; data on 14 days of sleep were
compared between the night after night shift and
other days, and significant differences were found
in both data. No intervention was provided to the
participants during the study period, and data could

be automatically accumulated.
Prospects

The development of this system has enabled the
automatic collection and visualization of health
parameters using wearable devices. In the future,
this system will be used clinically for patients to
understand their health and manage. In preparation
for this, the University's IRB has already completed
its review and published the protocol.

McCap has now started collaborative research
with four universities and four hospitals. Now that
the automatic healthcare data collection system has
enabled modeling to predict health independence
will be developed. This is expected to create new
decision criteria for existing treatments and the

redistribution of optimal medical care.

Table. Result of nurses sleep.

After night duty Other day P-value

Sleep score 740+ 2.9 78.8+25 =0.01*
Minutes of Sleep 343.1 +37.3 431.4+42.8 <(0.01 *
Minutes of REM Sleep 56.7 +15.7 74.3+11.1 <0.01*

Minutes of Shallow Sleep 221.9+37.0 281.4 +29.7 =001 *

Minutes of Deep Sleep 64.5+15.3 75.7+9.0 <0.01 *

RCSQ 509+ 1.0 53.6+2.5 <0.01*
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Deep Phenotyping of Dry Eye:

Mobile Digital Informatics and Genomics

Takenori Inomata

Associate Professor, Juntendo University

Background

Dry eye (DE) is one of the most prevalent ocular
surface diseases. Both the aging society and the
rapidly advancing digital era contribute to a future
increasing incidence DE. However, a post facto
approach to DE by treating symptoms as they arise
remains as the mainstay therapy, and as such, DE
remains a chronic, incurable condition that can
affect one’s quality of life long-term. Therefore,
preventive, predictive, and personalized approach
to suppress the onset and worsening of DE.

DE is a highly multifactorial disease with a complex
interplay between genetic, host-related, environmental,
and lifestyle factors. Hence, efficacious methodologies
to integrate and analyze a vast, comprehensive
dataset remains a challenge for current researchers
who aim to bring preventive, predictive, and

personalized medicine to clinical practice.

Purpose

In this study, we incorporated our in-house smartphone
application (app), DryEyeRhythm®, developed for
DE research to an existing large dataset on
individual genomic data, the Tohoku Medical
Megabank Project, with an aim to elucidate genetic
loci related to DE and to perform deep phenotyping
of DE using big data that encompasses both one’s
genomics and personalized digital data on various

presentations and DE-related factors.

Methods

Subjects of age 20 or older participating in the
Tohoku Medical Megabank Organization’s cohort
study that completed the health survey from the
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Sendai community support center were recruited
for an additional survey using DryEyeRhythm®.
Participants provided consent electronically using
the app, and the app subsequently collected
demographics, lifestyle information, maximum blink
interval (MBI), DE-specific symptom questionnaire
(J-OSDI) results, and other related data. A repeat
survey was collected after 1 month from the initial
app-based survey. App-based DE was defined as J-
OSDI > 13 or MBI<12.4s for this study.

Results

1,220 participants (mean age 51.4%114.0, 74.4%
female) were included in this study, and 4,536
individual data points were
DryEyeRhythm®. Of the 1,220 participants, 379
was found to have app-based DE and 841 did not

collected using

meet criteria for app-based DE. J-OSDI total score
in the app-based DE group was significantly higher
compared to its counterpart (27.2+12.3 vs.
11.4%10.7; P<0.001). Reversely, MBI in the app-
based DE group was significantly shorter compared
to its counterpart (3.9%3.6s vs. 16.3+12.0s;
P<0.001). 634 of 1,220 (52.0%) participated in the
2" round of the app-based survey.

Conclusion

Through a simple and minimally intrusive addition
of an app-based DE survey using DryEyeRhythm®
to the Tohoku Medical Megabank cohort study, the
newly constructed dataset that combines genomic
data and the comprehensive, personalized DE-related
information may show promise in approaching the
next steps to bring principles of preventive, predictive,

and personalized medicine to clinical practice.
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Efficient Discovery of Drug Seed Compounds using

Information-processing Technology

Arihiro Iwasaki

Associate Professor, Chuo University

Introduction

Some compounds produced by organisms show strong
biological activities. These compounds including penicillin
and streptomycin have been used as drugs or drug
seed compounds contributing human health. However,
the discovery and structure determination of these
compounds are very difficult due to the extremely
low-availability from producing-organisms. Against
this background, we tried to solve this problem by a

combination of conventional methods on organic

chemistry and new technology based on informatics.

Discovery of hennaminal and hennamide, new
anti- 7rypanosoma compounds isolated from

the Rivularia sp. marine cyanobacterium?

We investigated the secondary metablotes of the
Rivularia sp. marine cyanobacterium (240 g, wet
weight) collected at Higashihennnazaki, Okinawa,
Japan, and isolated two novel compounds, named
hennaminal (5.9 mg) and hennamide (0.8 mg). The
planar structures of hennaminal and hennamide
were clarified based on the analyses of 2D NMR and

high-resolution mass spectra.

& Ay
Q0 Q<

Hennaminal Hennamide

Considering the scarcity of the compound, the
absolute configuration of hennaminal was revealed
on the basis of a comparison of the experimental and
theoretical ECD spectra (Fig. 1). For the calculation

of the theoretical ECD spectra, we applied higher
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calculation methods in a stepwise manner to achieve
efficient calculation using a high-spec PC. First,
conformational search was carried out by molecular
mechanics using MMFF force field resulting 34
conformers within 40 kJ/mol from the most stable
conformer. Then, conformational optimization at
HF/3-21G level yielded 14 conformers. Further
energy evaluation followed by conformational
optimization based on density-functional theory
(0B97X-D/6-31G* level) afforded 14 conformers
as stable conformers of hennaminal, and we
constructed the theoretical ECD spectrum based on
them. As shown in the figure 1, the theoretical data
of (8)-hennaminal matched with the experimental
spectrum very well, and we concluded that
hennaminal possessed S configuration.

Hennaminal showed selective growth-inhibitory

Theoretical

ECD for R

Theoretical \ Experimental

ECD for S ECD
210 230 250 270 280 0 320 350 aro 380

wavelength (nm)

Figure 1 Experimental vs theoretical ECD spectra

activity against 7rypanosoma brucei rhodesiense,
the causative organism of African Sleeping Sickness,
with the ICs value of 11 pM.

The result of this study was published in Organic
Letters.V

1) Org. Lett. 2023, 25, 2400-2404.
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Development of Digital-Linked Neurofeedback Training System

Takeshi Sakurada

Associate Professor, Seikei University

There is a technique based on real-time brain
information analysis called “neurofeedback” that
aims to improve human brain function. Through
neurofeedback training, desired neural activity can
be acquired, ultimately improving various cognitive
and motor functions in the central nervous system
of healthy individuals and patients.

We have developed a neurofeedback training
system targeting attention, which is one of the
human cognitive functions. However, our system
consists of many equipment that are difficult to
carry, and neurofeedback training can only be
performed in specific environments such as
research facilities. Therefore, this study aimed to
develop a system that allows trainees to train more
freely by downsizing this neurofeedback system.

One of the achievements of this study is the
realization of a more compact neurofeedback
training system. The proposed system consists of
the “EEG measurement and analysis section”, “system
operation section”, and “sensory stimulation device”
(Figure 1). The Raspberry Pi-based EEG measurement

and analysis section performs all processing,

L ]

Raspherry Pl

) Operation
>

Smart
device

Figure 1 Overall system configuration

including EEG preprocessing and controlling the
sensory stimulation device to elicit specific brain
oscillations related to attention. Additionally, since
the Raspberry Pi is connected to the network, it also
has a digital link function that allows information
during training to be shared externally. Open BCl is
used as an EEG recording device. Attention-related
brain oscillations (i.e., SSSEP and SSVEP) are
measured from electrodes placed on the
somatosensory and visual cortices to estimate the
attentional state. The system operation section is
assumed to be a trainee’s smart device, and the
training menu window can be opened by accessing
the measurement and analysis section (i.e.,
Raspberry Pi) via the network. When accessing for
the first time, trainees can register their information
and freely customize the training protocol. During
neurofeedback training, the trainee’s brain activity
is fed back as auditory information from the neck
speaker she/he wears. Through these developments,
it can be said that the compact training system has
become easier for personal use (Figure 2). Furthermore,
since the proposed system was able to elicit and
detect the relevant brain oscillations necessary for
estimating the attention state, it was confirmed that

it can be used as a neurofeedback training system.

Figure 2 Training situation
In the future, it will be necessary to apply this
system to medical and sports fields and improve the

system to make it more easy to use for individuals.
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Al Program for Gastric Cancer

after Helicobacter Pylori Eradication

Tomoyuki Shibata

Professor, Fujita Health University

Overview

Eradication of Helicobacter pylori (HP) suppresses
the occurrence of gastric cancer. However, in cases
where eradication is insufficiently effective, cancer
develops within a short period after eradication
(post-eradication gastric cancer; PEGC), and the
diagnosis is difficult. We have revealed the relationship
between the occurrence of PEGC and gastric
mucosal atrophy, and the difficulty in pathological
diagnosis of PEGC. In this study, we attempted to
solve two important issues related to PEGC using
Al 1. Establishment of an objective patient selection
program for high-risk metachronous recurrence of
gastric cancer in patients who have undergone
eradication after early gastric cancer resection, 2.
Endoscopic examination of gastric cancer patients
whose biopsy tissue results of the relevant lesions
are negative after eradication. The aim was to use

Al to understand mirror-like and pathological features.

Methods and Results

<Basic methods of image analysis for Al systems>
Collect images using datasets = Image segmentation
(area division) = Augmentation (image rotation, etc.) =
Dataset learning = Results (point out gastric cancer, etc.)
Regarding objective 2, we were unable to obtain
cooperation from the pathologist, so we carried out
objective 1. For purpose 1, first, we will use endoscopic
images (normal light) of atrophic gastritis from the
university database to classify atrophic gastritis that
progresses due to HP infection (Kimura Takemoto

classification) from C-1 to O-3 (mild to severe atrophy).

was trained to construct an automatic atrophy degree
diagnosis system (Figure). We judged that detailed

Figure) Endoscopic atrophic border [A: schematic diagram, B: actual
atrophy image O-1] Atrophy is classified as Closed type (C-1 to C-3)
that does not progress to the cardia on the lesser curvature of
corpus, and Open type (O-1 to 0-3) that progresses more to the
greater curveture. The mottied mucosa of the stomachis atrophic
mucosa (broken line is the border).
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classification of atrophy would be difficult due to the
number of cases, so automatic discrimination was
performed using two classifications: C (mild atrophy)
and O (severe atrophy). Initially, we planned to draw
the boundaries of atrophy and classify by segmentation
(area division), but as atrophy becomes more advanced,
it becomes difficult to draw bordeline at a constant
angle of view, so we decided to classify the entire
photograph. After cropping the images of C: 1201
images, 66 cases, O: 739 images, 52 cases, perform
data augmentation to adjust the number of images.
We used various CNN models (VGGNet, DenseNet,
ResNet, GoogleNet) and Vision Transformer for
classification and compared their performance.
When comparing Balanced accuracy, DenseNet169
obtained the highest result of 0.897 (Table).

CNN Balanced | F1score | AUC
Accuracy
VGGlo6 0.873 0.841 0.922
VGG19 0.884 0.851 0.941
ResNet50 0.889 0.864 0.923
Inception V3 | 0.811 0.765 0.859
DenseNet121 | 0.890 0.858 0.933
DenseNet169 | 0.897 0.871 0.929
DenseNet201 | 0.896 0.873 0.922

Table Performance comparison of each CNN

Next, we compared the C and O ratios between 20
cases in which cancer had recurred within 5 years
after eradication and 90 cases in which cancer had
not recurred, as diagnosed by an endoscopist and by
CNN. As a result, endoscopists had a C:O of 4:16 in
the recurrence group and C:O of 29:61 in the non-
recurrence group, whereas DenseNet169 had a C:O
of 15:5 in the non-recurrence group C :O, the result
was 69:21.

Discussion and Conclusion

We were able to construct an automatic classification
system for atrophic gastritis that progresses due to
HP infection. However, a discrepancy was observed
in the diagnosis of atrophic gastritis in PEGC compared
with that of endoscopists. There were variations in
the results with other networks such as CNN, and it
was thought that further system improvements will

be needed.
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Shifting Public Sentiments on Weibo
during the COVID-19 Lockdown in Wuhan

Haichun Yu

Assistant Professor, Hokkaido University

This study aims to empirically illustrate the shift in
sentiments among Chinese netizens on Weibo
regarding the "Wuhan lockdown," shedding light on
the strategies and characteristics of information
control employed by the Chinese Communist Party
and the government in crisis management. During
the initial phase of the COVID-19 outbreak in
Wuhan in early 2020, the Chinese Communist Party
and the government faced criticism for their delayed
response and information suppression, resulting in
a decline in the legitimacy of their authoritarian
regime. Confronted with the task of managing a
highly contagious and unknown infectious disease
outbreak while contending with increasing public
discontent, this study investigates how the Chinese
Communist Party and the government implemented
information control to steer public sentiment in a

positive direction.

The analysis centers on Weibo posts and utilizes
Latent Semantic Scaling (LSS), a semi-supervised
learning method, to empirically depict the shifts in
public sentiments regarding the infection and
“Wuhan lockdown" on Weibo. Specifically, public
sentiments are classified as "cheering, praising,
thanking," and "anger, dissatisfied, critical." The

study uncovers two primary findings:

Changes in observed sentiments on Weibo: On
January 19, 2020, two days before the declaration
and enforcement of the "Wuhan lockdown," a
significant increase in Weibo posts was observed.

This surge was accompanied by a swift shift in the
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public sentiment towards "cheering, praising, and
thanking," with positive sentiments prevailing.
However, it is important to highlight that, posts
expressing "anger, dissatisfied, critical" were not
scarce; rather, the dominance of positive sentiments
was a result of information control by the Chinese

Communist Party and the government.

Effectiveness of information control: Factors
contributing to the changes in national sentiments
on Weibo included a substantial increase in posts
containing "cheering, praising, thanking," with the
study highlighting the significant role played by bots
associated with celebrities in disseminating these
artificially generated posts. Another factor was the
mass removal of posts containing "anger, dissatisfied,
critical" due to information censorship. This
resulted in a shift from predominantly negative
sentiments to positive ones in the post-regulation
dataset, indicating that powerful information
manipulation on Weibo induced a positive shift in

national sentiments.

In conclusion, based on the analysis, it can be
argued that the Chinese Communist Party and the
government effectively bolstered the legitimacy of
their authoritarian regime through adept information

control during the lockdown in Wuhan.



KN -4:4%0 8  Humanities and social sciences))

(22-16)

V=W AT 4 P aERL-RIEHIE :
ERE L HREDIRE

e T
B SIFHE S8 i

5 DIRCALIE R SR T N 5 BFREE Ic 3
W ERERE LT, K TRYEHE] 220 H %
ROTw5, BAGHIENE 13, BiFcZzE=2Y v
7" 3l - §H% 9% 7'v 2 * (Thompson, 1994) &
INB, LT DS k. RSP HkRFE O 2 77
R DL TRIGRAR I 2 [HHl] Lo
AR 75 BB A 77 g o (E R R I H L. RSl
FEtK & DB A & #0750 G % RRam L T &
7= (e.g., Aldao et al., 2010),

L2 L7235, Koole & Veenstra (2015) i X
. ARG RO 2o THIIL T 2 b
FClx7a <, kA7 [BREE) L oHAERZ@L <
BAEZHIH L T, AR &L [BRE] o
T, EFEZDOIFERZHEL T2 00EEY —
YIVAT AT THD I, EENEH2» S IT BREIC
HEnTWwaTyarsrdra 7RIS B AL,
SraMicsnTty —vry v AT 4 TIdHRE
WEED ETARARER>TWE, V=Y ¥ LA
74 7 OffH BB 25T Tid. SNS DR
MR (e.g., AOERT 25) A v 2~
ARV E Y JIET—H T, Z0ZEHNHAH

(e.g., BMEMEST 25%) By —A v 7%
EKTFXE2ZLBRBINTET (e.g., Verduyn et
al,, 2015), U EDSH, Y=Y v A AT 4 TIZRA
DYz —A Vv ZICESED S [BRE] o—>ot
Ez o p s, BAEGHNIC BT 2 HEEICO VTR
B L 72528 9E 13 % < a0,

DX BRI L. AW CIERIERIHZ H
e Ly —vr X747 (LUF, SM) iEf®
FERIE L . 2 O FMERSHCEE 3 2 fENTE %
BRFEML 72, $TENTHHENGVY —v ¥
NAT AT DT AV Y+ 2EBHHT 25 20-39 %
DA 500 £ Z2xHe L CEREBIEELHKE L

38

PHE GAE D Z2EMEL 2, SITICHz > T, K
TEHIEZHE LT SM 2iEHLTWw3 L HEL
EXRREOHHTBT L2 LTTF A~ A
v REMmL-, 3. S L 72 AL 50 FE%
WU 72665 TR 2 [dg ) TINEE ) THefe ] [RE )

(D50 ] REDHFOHBSELE RS 5> - 72,
SM B ORI ERET L2 2 A, AT 4 T DITH
CENENDAT A T RO T 2580871 v b
INTe T, FRIIOFE BRI L 24, 10
RclxBmIcBI$ 25823, 20 RCldBfEicBds 3
saHd. 30 fRCIEASICBE D 2 RERIEGE L L C
oy bINT,

KIC SMIEH OB HMEZ RT3 5 2 & 2 HiNIC,
799 RV = - RA&ELT 20-39 mD
JRANENG & L-diE G 2) % 2 0%l 7,
BARIIC I, FATAE L R v 7Y v iR 2
Py TN LCEmML, HA D SM iEH & A9
BRI OB #E Ic O W TRET L 2, =T
L ~OUAHBE T DA R AN (Within) L ~=LC
FoIFhnd Ry - Mo>2oLHHEBEZRLAZD O
D, AL (Between) L _-TlIvx< 22D SM
WG (e.g., BHHEIHEE) 23405 D L EOBS# AR L
722 F 0 EIEHIE D 7= 0 I E D SM i (e.g.,
B E) %% <47 o A, 5ol 5> ok %
BB ZMHAICH 5 2 EDRBE Tz,

L22L. UEoaERITwand WENRD
DTHB7-0, SHBILICHEMEIE2iTo 72k
T, SMIEH O EELEHIEIC OV TESFERK L
MR EAT D FETH B,

(Japan 22-16)

Regulating Emotions Using Social Media:

An Exploratory Study

Yuhei Urano

Lecturer, Yamagata University

Studies on emotion regulation have been
increasing in recent years. Emotion regulation is
defined as processes involving the monitoring,
evaluation, and regulation of emotional responses
(Thompson, 1994). Numerous studies have focused
on the tendencies to utilize various cognitive
emotion regulation strategies, and have discussed
their adaptability in relation to psychopathological
symptoms (e.g., Aldao et al., 2010).

Although emotion regulation is traditionally
portrayed as a deliberate activity that occurs in our
mind, dynamic interactions between various
environments play a vital role (Koole & Veenstra,
2015). In recent years, various social media
platforms have become indispensable tools for
participating in social life. Research on the use of
social media (SM) suggests that active use of SNS
(e.g., posting content) has a positive influence on
mental health, while passive use (e.g., browsing
posts) may decrease well-being (e.g., Verduyn et al.,
2015). Hence, social media is considered one of the
'environments' closely tied to our well-being;
however, there is limited research on the roles that
SM plays in emotion regulation.

In the present study, we conducted a series of
surveys aimed at exploring the utilization and
efficacy of social media (SM) in emotion regulation.
Survey 1 targeted 500 adults aged 20-39 with
multiple accounts of social media platforms. The
objective was to explore the actual use of SM in
emotion regulation. We employed text mining to

analyze text responses. Results revealed that verbs

non non

such as "watch," "communicate," "collect," "post,"

"browse," and "tweet" frequently appeared in
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responses. Furthermore, we conducted a social
media/age category-specific investigation of text
responses using correspondence analysis, and
revealed characteristics of each social media/age
category.

In Survey 2, we examined the effectiveness of
social media (SM) use; we conducted identical
surveys targeting two samples. We recruited
participants  through crowdsourcing services,
targeting adults aged 20-39 with multiple accounts
of social media platforms. Specifically, a preliminary
survey and an experience sampling survey were
conducted to two distinct samples, exploring the
associations between daily SM usage and mood as
well as mental health.

Results of multilevel correlation analyses
suggested weak correlations between SM use and
mood/depression in the within-level. However, at
the between-level, several SM use (e.g., video
watching) showed positive association with
depressive symptoms. This may suggest that
individuals who engage in specific social media use
for emotional regulation, such as watching videos,
tend to experience some depressive symptoms.

However, it is crucial to note that the analyses
discussed above are tentative. We will conduct more
in-depth analyses to explore the wuse and
effectiveness of SM use. We plan to present our
findings at academic conferences and submit papers

to journals.
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The Visibility of International News Coverage and the News

Values Shaping It: An Analysis of Online News Media

Sooyeon Kim

Associate Professor, Kansai Gaidai University

Owing to advancements in digital technology in
recent years, media has become more diverse.
Increasing access to online media leads us into a
“Digital Era in Journalism.” People consider online
media a significant source of knowledge about
international affairs and their country's foreign
policies. However, analyzing Japan's traditional
media revealed that the proportion of international
news coverage is low; furthermore, coverage is
distorted as it focuses on a few specific countries.
Against this backdrop, investigating the causes of
imbalanced reporting trends is essential.

Therefore, can global affairs be reported evenly
and comprehensively while mitigating the
considerable imbalance? With the proliferation of
online media, what measures can be taken to
eliminate disparity in international reporting?
Previous studies have attempted to answer these
questions, but further analysis is required.

This study explores trends in international news
on Japanese online media and examines factors
determining coverage.

To elucidate reporting trends and determinants
of international coverage, articles from Yahoo!
News from January 1 to December 31, 2023 were
examined. The platform has the largest number of
users and the longest usage time; people tend to
reply on it as a reliable information source.

The data were analyzed quantitatively (coverage
volume) and qualitatively (coverage content).
Regression analysis will be conducted to identify
factors motivating coverage. The determinants

behind news flow are (1) national traits of country
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covered and (2) relationship with Japan.

A total of 31,118 articles were retrieved from
Yahoo! News during the review period. Among
them, 3,869 articles covered international affairs,
accounting for approximately 12%. Most of the
coverage was domestic news, and international
coverage was less than sports (n=4,719 articles,
15%) and entertainment news (n=4,255 articles,
14%). Therefore, there is a paucity of coverage of
international news.

Furthermore, the findings indicate a
disproportion in the attention to countries in
international coverage (Table 1). The top five
countries comprised 55%, and no country from

Africa, Oceania, or Latin America featured among

the top 10 most covered countries.

Table 1: Top 10 countries covered by Yahoo! News

*Please check the Japanese version of the reports.

Among the factors that induce such biased reporting,
“national traits of country covered,” especially deviance,
and “relations with Japan”—especially countries with
geopolitical influence—seem important for the
coverage of international news by Yahoo! News.

In addition, Japan's traditional media was the
most relied-upon source of information. Western
media such as the U.K. (Reuters) and the U.S.
(CNN) were also considered important.

Since international reporting is key to mutual
understanding and public opinion formation in the
international community, continued research is needed

to improve the imbalance in international reporting.
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The Influence of Location-Sharing Social Media

on Young People’s Attitudes and Behaviors

Yuiko Fujita

Associate Professor, the University of Tokyo

This study explores the attitudes fostered by the use of
location-sharing applications among young people. It
investigates the meaning of use of location
information sharing and attitudes toward providing
location data to companies in two metropolitan areas:
Tokyo and London. The research aims to understand

social differences in the use of these applications.
Research Objectives:

1. To explore the meaning of use of location
information sharing among young users.
2. To examine attitudes towards the provision of

location data to private companies.
Methodology

I conducted interviews in 2023 to extend my research
project, initiated in 2019, with metropolitan area
youth using a location-sharing app. Analysis for this
report was based on data from 19 participants (8 males,
11 females). Audio transcripts were coded and
analyzed. For comparative purposes, a descriptive
survey was conducted with London youth, yielding
data from 16 respodents (4 males, 12 females, 2
others) in 2023.

Results:

Primary Applications Used:

Tokyo: Zenly and whoo; London: SnapMap, Life360,
WhatsApp.

Significance of Location Sharing:

Predominantly shared with friends, followed by
partners and family. Primary use was for coordinating
meetups.

Tokyo: Female respondents tended to share location
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data with close friends as a symbol of trust.

London: Some female respondents emphasized
sharing for safety reasons due to perceived lower
urban safety.

Attitudes Towards Providing Data to Companies:
Tokyo: participants exhibited less resistance to sharing
location data with companies.

London: participants showed greater reluctance, often

avoiding constant app activation.
Conclusion

The study reveals different patterns in the use of
location-sharing apps. Young women in Tokyo tend to
prioritize building trust in friendships through
location sharing, whereas some women in London
focus more on personal safety. This difference
indicates varying perceptions of urban safety and
privacy concerns in these regions. However, due to the
limited sample size and research methods, these
results should be considered preliminary and warrant

further investigation in broader demographic groups.
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Research on the Feasibility of Using Learning Management
Systems to Fasten the Integration into the Society of
Immigrant Children in Japan Who Do Not Attend School

Esteban Miyashiro

Professor, Aichi Toho University

Summary of Research Findings

This study explores the potential of a customizable
learning management system (LMS) to support the
social integration immigrant children in Japan who
are not attending school. In particular, the study
focuses on automated features that can reduce the
burden on educators, address language barriers and
cultural differences, and provide psychological
support. The research suggests that IT professionals
can build advanced LMSs using existing commercial
or free platforms at low cost. It also suggests the
formation of an open source-style community of
developers and integrators for the development of
advanced LMS systems, providing valuable insights

for educational policy and program development.
Background at the Start of the Research

We believed that immigrant children may face not
only language barriers, but also challenges such as
academic disparities, social isolation, bullying and
discrimination, limited access to health services and
social welfare, and uncertain legal status. We also
believe that many of these factors can influence
children's mental health problems and that early

support is crucial.
Purpose of the Research

IT systems designed for these children and educators
needed to consider issues such as ease of use, privacy
and security, accessibility and affordability for

children, and cultural considerations.
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Method of the Research

Interviews were primarily used to gather the data
needed to understand the IT skills, needs, and
expectations of the children and their parents. In
addition, an IT assessment and testing was
conducted to evaluate the affordability, ease of use,
and implementation and operational costs of several
IT platforms, including implementation, running
costs, and even automation features (including Al
capabilities). The assessment aimed to identify the
best platform for building an educational support

system.
Research Results

The time available for immigrant children to learn
and integrate into society is very short. If this time
is missed, children may not be able to integrate into
society. While the study on immigrant children
confirmed the initial hypothesis of low IT skills, it
also revealed that social factors such as bullying are
more prevalent than expected and are a serious
concern. Considering this situation, we considered
the use of Al as the key to automating, reducing
costs, and rapidly implementing IT systems for
these children and educators. Al and IT solutions
provided by Microsoft and Google are not
completely free, but the automation and cost
savings, and rapid implementation, as well as the
ability to equip children with the necessary IT skills

through the platform's functionality.



(USA)

Moving Beyond Backscatter to Network

a Trillion loT Sensor Tags

Prabal Dutta

Professor, University of California, Berkeley

The Internet of Things promises to bring trillions of
smart and connected sensors online within the next
decade or two. However, achieving such scale will
require the vast majority of these devices to
communicate with infrastructure using miniscule

levels of power harvested from the environment or

drawn from tiny batteries, which limits scaling today.

This project proposes to develop, demonstrate, and
open-source the design of a new kind of radio
architecture (“backsplatter’) that offers the range of
conventional IoT radios (~100 m indoors) with the
power draw of backscatter radios (10 - 100 u W) to
yield improvements in power, performance, peak-
to-average-power, range, and spectral efficiency.
Using our novel approach, based on a tunnel diode
oscillator (TDO) configured as a self-oscillating
mixer (SOM), the power required to “transmit”
signals is substantially lower than would be required
for a traditional oscillator. This is possible because
a TDO can oscillate at hundreds of MHz or GHz
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with a power draw measured in tens of microwatts,
injection-lock to a stable, ambient carrier signal
supplied by the infrastructure, efficiently modulate
the carrier with a conventional baseband signal
using the SOM, and effectively amplify the
modulated carrier signal with 20 dB gain, extending
range substantially over backscatter radios and
closing the gap with conventional ones to offer
comparable range and data rate at a fraction of the
power, as we demonstrate with a benchtop
prototype. With the support of the Okawa Research
Grant during the past year, we explored the
following thrusts: (i) a hardware development kit to
enable others to explore backsplatter-based systems,
(ii) interdomain relays for extending lowpower
embedded sensor systems, and (iii) fabrication of
negative-resistance devices to offset the difficulty of
sourcing antique Russian-made tunnel diodes (this

is necessary for us to construct our systems).

(USA)

Building Domain-Specific Systems at Scale

Sophia Shao

Assistant Professor, University of California, Berkeley

Decades of exponential growth in computing have
transformed the way our society operates. As the
benefits of Moore’s Law fade, the computing
industry has started developing vertically integrated
systems with specialized accelerators to deliver
improved efficiency. In fact, domain-specific
accelerators have become a key component in
today’s systems-on-chip (SoCs), driving active
research and product development to build novel
accelerators for emerging applications such as
machine learning, robotics, cryptography, and many
more, entering a golden edge for the semiconductor

industry.

However, today’s hardware accelerators are largely
designed in isolation with little consideration of how
they interact with software and other accelerators in
a systematic fashion. This isolated design approach
has led to suboptimal performance for end-to-end
applications where multiple accelerators must be
integrated and executed concurrently. As we dive
further into the era of domain-specific computing,
there is a clear need to modernize the accelerator
design flow with a particular emphasis on the end-

to-end performance of applications so that we can
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effectively deploy many accelerators at scale. Failure
to do so means that inadequately designed
accelerators continue to be built in isolation and
cannot deliver the orders-of-magnitude performance
improvement that domain-specific acceleration

promises.

My long-term goal is to democratize the design of
specialized accelerators so that many applications
can benefit from domain-specific acceleration. The
overall objective of this proposal, which is a critical
step toward this long-term goal, is to develop a
quality-driven accelerator design flow that enables
the holistic simulation, design, and integration of
domain-specific systems at scale for end-to-end
applications. If successful, the outcomes of this
project point toward a future in which specialized
systems can be systematically evaluated, designed,
and integrated to deliver optimal performance

across applications.

It will especially benefit the real-time processing of
emerging applications such as self-driving vehicles,
where a diverse set of demanding kernels needs to

be accelerated simultaneously.
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Foundations of Near-term Quantum Advantage

from Quantum Optics

Adam Bouland

Assistant Professor, Stanford University

The Okawa Foundation Research Grant supported

my research in two ways.

First, I used the support in part to prepare a paper on the
topic of my proposal (https://arxiv.org/abs/2312.00286).
In particular our work gave evidence that quantum
optics experiments with low mode counts are
exponentially hard to simulate. This was previously
a major gap between theory and experiment for
quantum optics systems. This paper was presented
as a contributed talk at Quantum Information

Processing (QIP) 2024 and is now in submission.

Second, I used the support in part to help prepare a
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grant application on this topic to further develop my
research group in this area. The application was
successful & I received a highly competitive 2024
Air Force Young Investigator Award to study near-
experiments  with

term quantum advantage

quantum optics.

Press release here:

https://www.afrl.af.mil/News/ArticleDisplay/Artic
le/3625080/afosr-awards-215m-to-scientists-

engineers-via-young-investigatorprogram/

The support of the Okawa foundation was a key

facilitator of both of these accomplishments.

(USA)

Towards Trustworthy Human-Al Collaborations

Yuan Tian

Assistant Professor, University of California, Los Angeles

The advent of ubiquitous artificial intelligence (AI)
is one of the most exciting revolutions in computing
today, which has greatly changed different aspects
of our daily life and society. One of the latest
innovations in Al is Human-AI collaborations,
which amplify both humans and Al for critical tasks,
such as medical diagnosis and operations of
automobiles. Despite this promise, we are
constantly reminded that Al is not trustworthy —
image and audio recognition systems are attacked,
and learned private information is leaked, which
would be even worse with more uncertainty
introduced from human interactions. Indeed, Al
designers could no longer just focus on functionality
and performance in isolation. Now, it is critical to
design principled, trustworthy hybrid Human-AI
systems before massive production and deployment
of safety-critical applications. My research vision is
to close this trustworthiness gap in Human-Al
collaborations, focusing on three interconnected

pillars of trustworthiness — robustness, privacy, and

fairness.
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This project is centered around designing user-
centric secure, privacy-preserving, and fair machine
learning systems. Our work leads to a suite of
powerful tools to reduce security, privacy, and
fairness risks in artificial intelligence systems
without sacrificing performance and usability, and
eventually, it will revolutionize the way to build
robust, privacy-preserving, and fair hybrid Human-
Al systems. We have published our findings on this
topic in a few top-tier conferences, including
NeurIPS, EMNLP, and ACL. For example, for the
security of Human-Al collaborations, we have
studied the security issues of crowdsourcing
untrustworthy data to train machine learning
models. We prove the robustness features based on
model and data distribution, and published our
results at NeurIPS 2023. We also investigated the
fairness issues in Human-Al collaborations, and
proposed a fair text classification scheme based on
conditional supervised contrastive learning. The
results were published at EMNLP 2023.
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Trustworthy Intelligent Autonomy:

A Contract-Based Approach

Pierluigi Nuzzo

Associate Professor, University of Southern California

Increasingly more sophisticated tasks that were
previously allocated to humans are expected to be
performed by software, including modern artificial
intelligence (AI) methods, in a variety of mission-
critical systems, for example, in avionics,
automobiles, robotics, and manufacturing. One of
the biggest challenges to trustworthy autonomy is in
showing that these software and Al-enabled
autonomous functions, running on heterogeneous,
interconnected sensing, computation, and actuation
platforms, will still satisfy the stringent safety and
dependability requirements of mission-critical
systems in uncertain or unpredictable environments.
In this project, we investigated modeling paradigms,
specification formalisms, and scalable algorithms
that can significantly advance, in productivity,
optimality, and assurance, the design of next-
generation intelligent autonomous systems. We
adopted an approach based on the formalism of
assume-guarantee contracts, which offers rigorous
mechanisms for the abstraction and composition of
models and enables modular and hierarchical design
and verification of complex systems.

Over the past year, we addressed the design space
exploration of complex cyber-physical system

architectures, formulated as an optimization

problem that includes the joint selection of system

! https://ieeexplore.ieee.org/abstract/document/10137069
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topologies and components taken from predefined
libraries, and devised efficient encodings and
solution strategies that can significantly enhance
scalability. We introduced a novel, exact, and cost-
effective algorithm to transform neural network-
based controllers into decision trees that are more
amenable to interpretation and can accelerate the
verification of Al-enabled control systems.

We further presented the first framework and tool
leveraging contracts as the semantic foundation for
the computer-aided construction of assurance cases,
structured arguments about system dependability,
which can accelerate the certification of mission-
critical systems. Finally, we applied our methodology
to the problem of co-designing the topology, scheduling,
and multi-agent motion planning in automated
warehouses, as reported in the attached paper!,
showing that a contract-based approach can
outperform alternative methods and scale to real-
world problem instances involving teams of
hundreds of robots transporting a million products.
In recognition of our contributions, we received the
IEEE Council on Electronic Design Automation
(CEDA) Ernest S. Kuh Early Career Award and two
Best-of-Session Paper Awards at the 2023 Digital

Avionics Systems Conference.

(USA)

Precision Quantum Matter

for Entangled Quantum Information Science

Joseph Falson

Assistant Professor, California Institute of Technology

The performance of superconducting high-
frequency devices such as transmon qubits and
microwave kinetic inductance detectors (MKIDs) is
predominantly limited by two-level system (TLS)
defects, which are found at amorphous interface and
surface layers. Despite decades of research, the
microscopic origins of TLS loss are still poorly
understood due to the difficulty of making
comprehensive correlations in polycrystalline systems.
Here, we explore single-crystalline, epitaxial
refractory superconductors grown on atomically flat
sapphire substrates in an ultra-high vacuum
environment as a platform for superconducting
circuits. We make systematic correlations between
microwave loss and the structural, morphological,

and electronic properties of the superconducting
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films. Initial measurements of Nb resonators at 1 K
show that the internal quality factor can reach as
high as 1.9 x 10° when the films are deposited at an
intermediate temperature (375°C), which is comparable
to state-of-the-art superconducting resonators.
Furthermore, we show that post-deposition
annealing of Nb films using a high-powered laser
diminishes Q; by approximately two orders of
magnitude despite major improvements in
crystallinity. This points to interfacial quality having
a greater impact on TLS loss than crystal quality in
superconducting resonators. The advanced crystal
growth pathways demonstrated here lay the
foundation for using all-epitaxial materials in
superconducting circuits and for systematically

reducing sources of TLS loss.
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Towards Continually Improving Robots in the Wild

Deepak Pathak

Assistant Professor, Carnegie Mellon University

Despite tremendous successes in language & vision,
large-scale learning is yet to make a dent in robotics.
The biggest reason is that, unlike vision or language,
there is almost no robotics data internet! Thus, the

classical approach has been to hand-engineer each

behavior and execute it in pre-mapped lab scenarios.

Furthermore, such hand-coding is possible only if
the robot motors are precise, which means
expensive!! So the question remains, how to truly
scale robotics? Our research addresses this issue via
an "adaptive & self-supervised robot learning"

framework:

=> Rapid Adaption: Simulations can allow scaling
robotics by collecting centuries of data in days.
However, not only is there a large sim2real gap, but
robots also regularly encounter situations in the
real-world unseen during simulation. We proposed
the idea of rapid adaptation to continuously adapt
the robot in real-time at deployment, enabling
extremely low-cost robots, whether legged or
manipulator, to perform tasks with extreme agility
& robustness. For instance, walking on challenging

stair terrains to performing parkour across huge
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jumps & gaps in outdoor urban environments to

forests.

=> Learn by Watching & Practicing: Humans learn
diverse tasks by watching others. There are billions
of human-activity videos on YouTube, which could
help scale robotics. But just watching is not enough,
the robot needs to practice to understand
physicality and bridge the embodiment gap. Our
research has proposed algorithms that can watch
human videos from YouTube and transfer that
knowledge to robots by self-supervised curiosity-

driven practice.

Adaptation from simulation allows robustness to
unseen scenarios & YouTube videos facilitate
learning new tasks -- laying the groundwork for
building the foundation model of robotics. Our
adaptive robot learning framework does not rely on
any engineered primitives and can scale to
extremely low-cost robots -- 20-30x cheaper than
the current alternatives and have massive financial

implications for scaling deployments.

(CHINA)

Knowledge-Integrated Question Generation

for Machine Reading Comprehension

Sujian Li

Associate Professor, Peking University

The release of ChatGPT has greatly influenced the
research paradigm of the NLP field. The development
of Large Language Models (LLMs) makes it easier
to generate text, but more difficult to evaluate text
quality. We previously aim to evaluate Machine
Reading Comprehension (MRC) models via generating
more questions. However, now MRC only serves one
kind of task to evaluate the ability of LLM. So we
correspondingly change the theme as “Research on
Evaluating Natural Language Generation” from
“Knowledge-Integrated Question Generation for
Machine Reading Comprehension”, not limited to
only generating questions for MRC. This year, we
research evaluating NLG from the aspects including
factuality, coherence and a comprehensive view.
(1) Factuality Evaluation: As we know, current text
generation models often uncontrollably generate
text that is factually inconsistent with inputs. Existing
factual consistency metrics perform poorly since
they usually rely on synthetic texts or other related
tasks which bring bias to the text generated by language
models. To alleviate the problem, we propose a weakly
supervised framework named WeCheck that is
directly trained on actual generated samples from
language models with weakly annotated labels.
WeCheck first utilizes a generative model to infer
the factual labels of generated samples resources.
Next, a simple noise-aware classification model is
trained as the target metric using the inferred weakly
supervised information. Our experiments show that
WeCheck, with up to 30 X faster than previous methods,
can improve the accuracy and efficiency of factual
consistency evaluation.

(2) Coherence Evaluation: Coherence evaluation
aims to assess the organization and structure of a text.
Previous studies primarily rely on heuristic rules by

human experience to augment data for training
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coherence evaluation models. We take inspiration
from linguistic theory of discourse structure, and
propose a data augmentation framework CoUDA,
which considers both global and local aspects.
Especially for local coherence, we propose a novel
generative strategy for constructing augmentation
samples, which involves post-pretraining a generative
model and applying two controlling mechanisms to
control the difficulty of generated samples. Extensive
experiments in coherence evaluation show that,
with only 233M parameters, CoUDA achieves state-
of-the-art performance.

(3) Comprehensive Evaluation: Recently leveraging
LLMs as evaluators for text generation tasks has
gained popularity. We explore to construct a general
text evaluator based on open-source LLMs and design
InstructEval, a general multi-aspect text evaluator
developed through instruction tuning of open-source
LLMs. To overcome the shortage of annotated
resources for comprehensive evaluation, InstructEval
combines extensive open Human Preference Modeling
datasets with a small set of multi-aspect annotated
data. Extensive experiments show InstructEval achieves
comparable or superior performance to commercial
LLMs like ChatGPT or GPT-4 in terms of both
overall and multi-aspect evaluation.

In addition to the evaluation work, I also research on
the long text understanding and long text generation
problems in LLMs. Up to now, one paper is
accepted by the conference of ACL 2023. We have
also submitted two papers to NAACL 2024 and one
paper to ICLR 2024. As about the service work, |
serve as ACL 2023 Area chair, EMNLP Workshop
Co-chair and COLING Senior area chair. I really
appreciate the support from the Okawa Foundation

research grant.
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Fair Explainable Search and Recommendation

in the Heterogeneous Environment

Min Zhang

Professor, Tsinghua University

With the development of information service
platforms, recommendation systems not only need
to satisfy users' personalized information needs, but
also are expected to distribute limited exposure
opportunities for massive content. However, previous
research on recommendation systems mainly focuses
on modeling user preferences to present satisfactory
results and maximize user interaction and stickiness,
while paying little attention to the content side (i.e.
the information producer) and not designing fair
exposure mechanisms to achieve more reasonable

information dissemination.

The lack of consideration of fairness in the exposure
mechanism may lead to serious resource allocation
problems on the content side, such as the “Matthew
effect” and the “snowball effect”, that is, the unfair
situation where the strong become stronger and the
weak become weaker. At the same time, unfair exposure
recommendation

mechanisms may damage the

performance.

Therefore, we call for shifting some attention from
modeling user preferences to researching fair
exposure mechanisms for the content side. In this

research, we first conducted empirical analysis in
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the information flow recommendation scenario to
explore the resource allocation situation between
content with different upload times. The analysis
showed that unfair exposure caused by factors such
as the order of upload time is the main reason for
the "snowball effect". Subsequently, we proposed
explicitly modeling the global residual value (GRV)
of content dimensions to complete personalized
content and develop a timeliness-aware fair
recommendation method (TaFR) for a fair and

personalized recommendation.

Experimental results on two publicly available datasets
show that TaFR achieves consistent improvement
compared with the original method when using
various types of recommendation models as the
basic model. By explicitly modeling the global
residual value of content timeliness, we have
achieved more fair resource allocation while also
improving recommendation performance. The major
achievement of this research has been published in
the 26th ACM International Conference on Research
and Development in Information Retrieval (SIGIR
2023), a top international conference in information

retrieval field.

(CHINA)

Visible Laser Light Communication
for Internet of Underwater and Underground Things (IoU?T)

Chao Shen

Professor, Fudan University

In the past year, [ have made progress in device and
system technology research on visible light
communication for IoUT applications. To name
some, security enhanced underwater visible light
communication system based on chaotic phase
scrambling and conjugate frequency hopping has
been demonstrated. The technique is experimentally
tested using an 8-level pulse amplitude modulation
(PAM-8) and a 1.2 m underwater link. Besides, the
state of art and challenges of VLC was summarized
in another research paper with focus on the key
technologies for high-speed Silicon (Si) -substrate
LED-based VLC systems. Based on an optimized
integrated 4 X4 8-wavelength LED array and
advanced digital signal processing (DSP) methods,
we demonstrate an ultrahigh-speed VLC system.
The yellow and green LEDs are especially enhanced
in high-efficacy, and achieve the impressive data
rates of 3.45 Gbit/s, and 3.83 Gbit/s respectively,
which is a remarkable improvement. The achievable
overall data rate of the device is 28.93 Gbit/s. In
addition, I was invited to write a review on recent
advances in optical injection locking for visible light
communication applications. The introduction of
visible light communication (VLC) technology could

increase the capacity of existing wireless communication
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systems towards 6G networks. In practice, VLC can
make good use of lighting system infrastructures to
transmit data using light fidelity (Li-Fi). The use of
semiconductor light sources, including light-
emitting diodes (LEDs) and laser diodes (LDs) are
essential to VLC technology because these devices
are energy-efficient and have long lifespans. To
achieve high-speed VLC links, various technologies
have been utilized, including injection locking. Optical
injection locking (OIL) is an optical frequency and
phase synchronization technique that has been
implemented in semiconductor laser systems for
performance enhancement. High-performance
optoelectronic devices with narrow linewidth, wide
tunable emission, large modulation bandwidth and
high data transmission rates are desired for
advanced VLC. Thus, the features of OIL could be
promising for building high-performance VLC
systems. In this paper, we present a comprehensive
review of the implementation of the injection-
locking technique in optical communication systems.
The enhancement of characteristics through OIL is
elucidated. The applications of OIL in VLC systems
are discussed. The prospects of OIL for future VLC

systems are evaluated.



(CHINA)

Characterization and Measurement on Interconnects

of Millimeter-Wave Heterogeneous Integration Circuit

Liyun Shi
Engineer, Shanghai Jiao Tong University

Integrated circuits (ICs) are the foundation stones
of the modern information society. The IC industry
has been driven by the so-called “Moore’s law” in
the past 60 years, and now as entered the post Moore’s
law era. The heterogeneous integration technology
is a crucial method of“more than Moore”. It aims to
integrate different materials different structures and
different functions through interdisciplinary and
multi-disciplinary integration, architecture design
and fusion algorithm. The silicon-based micro-
electromechanical system (MEMS) multilayer wiring
heterogeneous integration process, which is a popular
three-dimensional (3D) heterogeneous integration
solution. However, due to their high frequency, the size
of the interconnects in millimeter-wave heterogeneous
integration circuits is reduced to microns, and the
challenges posed by the electromagnetic parasitism
effect, proximity effect, and electro-thermal coupling,
in addition to the resulting loss of interconnects,

become more serious.

In this project, fractional-order calculus is introduced
to the field of interconnect T-line. A novel fractional-
orderl- z inductor equivalent circuit model is proposed

to characterize on-chip transmission line based on
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silicon-benzocyclobutene (Si-BCB) technology. Besides,
The classic RL-C parallel resonate circuit to the
fractional-order domain is also been generalized.
The RLg-C, fractional-order circuit has more
flexibility and novelty than the conventional case,
where @ and /4 are fractional-order parameters.
Numerical analysis and graphical methods are
employed to investigate the fractional-order complex
impedance and phase response. The conditions for
the RLg-C, fractional-order resonator to work as
pure imaginary impedance, pure real impedance
even negative impedance, and open circuit are
derived in detail, which are unachievable in the
integer-order case. Both series and parallel phase
responses can be observed in the fractional parallel

circuit, which depends on the values of a and .

The above research demonstrates that the fractional-
order circuit model is obviously advantageous
compared with its integer circuit. The introduced
fractional order parameters greatly enhance novel
behavior that can make circuit design more flexible
and controllable, which suggests that there is a great

potential for application in characterization areas.

(KOREA)

Distributed Matrix Multiplication in Wireless Networks

Wan Chot

Professor, Seoul National University

Despite its vital role in intelligent IoT networks,
distributed computing was not studied well in
wireless networks. Notably, the distortions introduced
by wireless channels and noise can significantly
undermine the accuracy of distributed computations.
Unfortunately, existing distributed computing
schemes inadequately address this critical issue. In
this research, we aim at resolving the numerical
stability issue associated within wireless networks
and building a new computationally accurate design
framework which concretely integrates distributed
computing and communication. To this end, we
first explore the previous group algebra based coded
matrix computation scheme, suitable for numerically
stable computation in noisy network, in orthogonal
multiple access channel. In particular, we resolve
the numerical stability issue associated within
wireless networks and build a new computationally
accurate design framework which concretely
integrates distributed computing and communication.
We conduct a thorough theoretical analysis firmly

establishing the superiority of the group algebra
(GA) scheme over the uncoded (UN) scheme.
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Furthermore, we extend this analysis to accommodate
various multi-user channel structures. Furthermore,
to leverage the inherent communication structure
constructed in distributed computing and thus
more efficiently utilize limited wireless resources,
we propose to combine the Compute-and-Forward
scheme with coded matrix computation to enhance
the computing performance because the information
that the master node wants to obtain is not the
individual values transmitted by worker but a linear
combination of these values. We also devise a novel
transmission scheme for distributed computing
called the Broadcast-and-Compute scheme. In this
scheme, instead of sending encoded submatrices to
worker nodes, the master node first broadcasts the
same information (i.e., group algebra) and then
each worker node uses it to encode the submatrices
differently to improve the performance of distributed
computation. We analyze the computation errors of
Compute-and-Forward and Broadcast-and-Compute
based coded matrix computation. The superiority of
the proposed schemes is validated by various

simulations.



(KOREA)

Securing Machine Learning Services in Cloud Computing

Junbeom Hur

Professor, Korea University

Several side-channel attacks exploiting timing,
cache, or power side channels have recently been
proposed to obtain private information of a neural
network. However, the hardware-based attacks
require physical access to the system, using high-
precision equipment to measure physical system
behaviors such as power consumption or electromagnetic
emanations, to exploit them as side channels.
Whereas, the previous software-based side-channel
attacks on neural networks can extract their model
information only when the target architecture is
known. In this paper, we propose the y -Knife
attack, a software-based power side-channel attack
on a neural network, which can extract its architecture
without any physical access or high-precision
measuring equipment. Our work demonstrates that
side-channels can be formed that leak architecture

of neural networks by utilizing statistical metrics
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without high-resolution power data. The y -Knife
attack can reduce the search space of candidate
architectures by obtaining private information such
as filter size, depth of convolutional layer, and
activation functions in the target architecture, as
accurately as hardware-based power side-channel
attacks even when the target neural network is
totally unknown. We demonstrated the efficacy of
the y -Knife attack by implementing the attack on
the well-known neural networks VGGNet, ResNet,
GoogleNet, and MobileNet, using the Pytorch
library on Intel CPUs and AMD CPUs. The vy -
Knife attack could identify the target neural network
architecture with an accuracy of approximately 90%,
and efficiently extract its private information, by
significantly reducing the search space of the target

architecture.

(KOREA)

Simulating Human Steering Behavior

with a Deep Reinforcement Learning Agent

Byungjoo Lee

Associate Professor, Yonsei University

Modeling human pointer control behavior allows
research on Human Computer Interaction (HCI)
and the study of visual perception, decision-making,
and motor control. Although human pointing has
been modeled for specific tasks, a model that
reproduces human-like behavior for all tasks in
general has rarely been researched. This research
establishes a generalized model architecture that
can simulate pointer control and form cursor
trajectories from pixel inputs, making it applicable
to any visual task in HCI. Specifically, an implicit
target is implemented to give the model complete

freedom in choosing a cursor trajectory. The
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trajectory is constructed by allowing the implicit
target to take part in deciding the mechanism of the
BUMP model which models human intermittent
motor movement and decision making. The result is
a model architecture that forms the basis of
simulating human pointer controlling behavior
when interacting through a mouse. We test the
architecture by training a model that performs the
steering task and verify that the model exhibits
human pointing behavior. Thus, the implementation
of an implicit target creates a human pointing
simulator that can be applied to general tasks in HCI

research.
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