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3) FRK 31 MR - BARAFSE (C). 8 - SHEBY - T2 RFPOmMEIC L2~ —EH
O R PHIET L OBFE WFFEFR/19K05029) |, H31 £ 700 TM (H31 44 H~R54 3 H).
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ACTIVITY REPORT OF FY2020

1. PROJECT TITLE:
ROLE OF SUBSTITUTED ELEMENTS CO, MN, AND AL IN

NI-RICH LINI1 - x -y -zCOxMNyALzO2

PRINCIPAL INVESTIGATOR: Takahiro Toma

AFFILIATION: Hongo Lab., JAIST, Nomi, Ishikawa, Japan

WEBPAGE: http://www.jaist.ac.jp/is/labs/maezono-lab/homepage2019/index.htm|
MACHINE USED: (XC40)

2. PROJECT DESCRIPTION:

UF T LA L ZREMAIEAELO @S 3L X =L, Ka X MEOFERED 1oL L
T, Ni tE3E28 90at% & #8 2 5 Ni-rich MEIDWIRF STV D, Ll s, REVIRMET
H 2 LiNIOy 1T = RV X — LN OBEMFFENZH L~ULZEL TV ey, £ Z T, LNIO;
® Ni OD—ii% Co, Al, Mn TEH#T 5 Z & CHREBRMEDINOFEFIMEDSE LA, DR
HEEF O Z Hi & LI2FE 21T - 72, BARBYIZIE LNIO2 (LNO)D Ni % 4%%4|C Co, Al
Mn (2 E#2 L 72, LiNio92C000sO2 (LNCO). LiNiggzAloosO2 (LNAO). LiNipgzMnoosO2 (LNMO)
LiNio.s2C00.04Al0.0402 (LNCAO). LiNi0.92C000sMnosOz2 (LNCMO). LiNiog2Alo0sMnoosOs (LNAMO) % &k
L. BERE. b— MR, 1 7V hetE, BV ENMEZ T - M Lo, MRETRS SR —f6i &
LT, 22T, U— MREICBET AR ZRT, VT ULAA Ay IREMIZE T 2 HEX
i, B A T IERIEME A~D LD A Y —a VRIS T D, b— MRS
XL FERFC ENIST RN LEBNBIET 20 & W 5 WBBISCBIR T 5 728, Lithiik
RET L — MR B 2D ECEERMBE L 0D, ERICK ZBRGEORE, BEN L REN
W 38 T L IEBREIIRIRITIR 92 2 & D3 HERB S 4L (Fig. 1(a)). ZAUiXiE (b =3
JLE—DHNNCER L, Co. Al Mn, Ni DIEIZIEMALT R X —DMMAEETHD Z &
D BN E o7 (Fig. 1(b), ZOBREEZLET 5720, L-O JBHEERE, U dEBERIC BT
%D Me A AV, Ky U TIBATRERZEAS, © 3 BEEZEEL-ETLVEHANT,
Climbing Image Nudged Elastic Band (CI-NEB){Z & U [EEE = R /L ¥ — %K 7= (Fig. 1(c)), ¥ I =
L—ya U ORER, U0 BN, ok y B 7 EBIABEN DRSS, ThbbE LR
FEEREIZBIT AFERET L —|L, Co. Ni, Al, Mn DJEIZ K 72o7= (Fig. 1(d)(e)), Ni D
AR & EREROR—ERMER S NN, Zidv I 2 b—v 3 U CIEHMEBEEO
HENEHTH D OITH L, FEBRITIE INOCEO) TIIAFRMIC LHEHRENME T4 5 Eﬂwx
D (Fig. 2(a)). MEIEFHERRBIC L2 M FIREETH D Z L ICERT D EEB 2 bND, T DOFEE
225, LNO AR ELOFRE T K L— NRFEIX, Ni seR BEROZR TIEe <. #EEHE
BT L D IEAR O FICER T2 2 L AR Sz,
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TIRAXF—TaTr A, VFULEZHENT-T 0 F T HBER T2 KERSICLVFE
I 5 Z LT L-0 BENAT D,

3. NAME OF CO-AUTHORS IN JAIST
3.1  LIST OF CO-AUTHORS

- Prof. Maezono Ryo / School of information science.
- Associate Prof. Hongo Kenta / School of information science

A/How many co-authored publication with JAIST faculties so far [1].

B/How many co-authored publication with JAIST faculties planed in future [at least 1].

4. PUBLICATION LIST DURING FY2020 USING JAIST FACILITIES

5. CO-AUTHORING PROJECTS FOR FY2020 USING JAIST FACILITIES
Study on the Thermal Stability of Ni-rich layered Cathode Materials

5.1 LIST OF PLANNED PUBLICATIONS

[1] ' Role of substituted elements Co, Mn, and Al in Ni-rich LiNi;-x-y-,CoxMn,Al,02 ', [Ryo Maezono,
Kenta Hongo], [journal (temporary)].
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[1] K. Nakano, et al. J. Chem. Phys. 152, 204121 (2020). [2] K. Nakano, et al. Phys. Rev. B, 103 L121110 (2021)



ACTIVITY REPORT OF FY2020

1. PROJECT TITLE:

ELECTRONIC STRUCTURE INVESTIGATION OF DOPED TIO2 SYSTEMS USING

DENSITY FUNCTIONAL THEORY
PRINCIPAL INVESTIGATOR: Abhishek Raghav
AFFILIATION: Doctoral student (D2), Maezono Lab
MACHINE USED: XC40

2. PROJECT DESCRIPTION:

In this work an overall electronic structure including the position and formation energies of
various intrinsic defects are computed for anatase using Density Functional Theory aided by Hubbard
correction (DFT+U). The intrinsic point defects considered here are, oxygen vacancy (Vo), oxygen
interstitial (O;), titanium vacancy (Vri) and titanium interstitial (Ti)). Out of all the intrinsic defects
considered here, Vyi and Ti; are found to be most stable under equilibrium condition. Whereas,
conduction band in anatase is consisted of mainly Ti 3d with a minor component of O 2p states,
valence band is found to be mainly composed of O 2p with a minor contribution from Ti 3d states. Vo
and Tii are found to form localized states in the band gap. Moreover, anisotropy in the effective mass
is seen. Finally, an alignment of band diagrams for all the intrinsic defect states is performed using
vacuum potential from slab-supercell calculation as reference. This first principle study would help in
the understanding of defect-induced insulating to conducting transition in anatase, which would have
significant impact in the photocatalytic and optoelectronic area.

3. NAME OF CO-AUTHORS IN JAIST
3.1 LIST OF CO-AUTHORS

- Adie Tri Hanindriyo/School of Material science

- Keishu Utimula/School of Material science

- Prof. Ryo Maezono/School of Information science.

A/How many co-authored publication with JAIST faculties so far [01].

B/How many co-authored publication with JAIST faculties planed in future [02].

4, PUBLICATION LIST DURING FY2020 USING JAIST FACILITIES
[1] A. Raghav, A.T. Hanindriyo, K. Utimula, M. Abbasnejad, R. Maezono, and E. Panda. “Intrinsic

electronic defect states of anatase using density functional theory”. Comp. Mat. Sci. 184 109925
(2020)

5. CO-AUTHORING PROJECTS FOR FY2021 USING JAIST FACILITIES

INVESTIGATING DOPANT INDUCED CHANGE IN THE BAND STRUCTURE AND HENCE THE
EFFECTIVE MASS OF CHARGE CARRIERS FOR VARIOUS DOPED TIO; SYSTEMS.
TiO; is a very important material in the field of photocatalysts and optoelectronics. It can be readily
doped with various dopants to make it suitable for specific purposes like as a photocatalyst or as a
transparent conductor. In this project, we are investigating how dopants effect the band curvatures
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and hence the effective mass of the charge carriers in TiO,, which ultimately effects the material
properties. We are examining several dopants including Nb, Ta, V, W, Cu, Co, Ce, La. How the
concentration of dopants affects effective masses and band structures is also investigated. This will
help in predicting appropriate dopant systems for optoelectronic and photocatalytic applications.

BENCHMARK ALL-ELECTRON AB INITIO QUANTUM MONTE CARLO CALCULATIONS WITH
PFAFFIAN ANSATZ FOR G2-SET MOLECULES
In this work, very accurate binding energy calculations for small molecules (like CH4, NH3 etc.) will be
performed using the Quantum Monte Carlo code, TurboRVB. This code allows very flexible starting
wave functions like the Pfaffian (Pf) and the Antisymmetrized Geminal Power (AGP). As a result, it
includes correlation effects which are beyond traditional ansatz like Slater Determinant, used in other
QMC codes. It also supports optimization of Jastrow as well as the nodal surfaces at the VMC level. We
hope that these would lead to more accurate calculation of the binding energy within the chemical
accuracy (1 kcal/mol) for small molecules in the standard “G2 set”. This work would show the
effectiveness of these more flexible ansatz in TurboRVB code for binding energy and other calculations.

5.1 LIST OF PLANNED PUBLICATIONS
[1] 'Effective mass investigation of doped TiO2 systems (temporary)', [Abhishek Raghav, Emila Panda,
Kenta Hongo, and Ryo Maezono], [Journal (temporary)].
[2] 'Benchmark all-electron ab initio quantum Monte Carlo calculations with Pfaffian ansatz for G2-set
Molecules (temporary)', [Abhishek Raghav, Ryo Maezono, Sandro Sorella, Kousuke Nakano], [Journal
(temporary)].
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ACTIVITY REPORT OF FY2020
1. PROJECT TITLE:

DIFFUSION MONTE CARLO STUDY OF HYDROGEN ADSORPTION ON SILICON
CARBIDE NANOTUBE

PRINCIPAL INVESTIGATOR: Genki Imam Prayogo
AFFILIATION: Doctoral Student (D2), Maezono Lab.
MACHINE USED: XC40

2. PROJECT DESCRIPTION:

Hydrogen is one of the candidate for environmentally friendly energy carriers. Although it has a
very high energy density per unit weight, its volumetric energy density is rather low, making its storage in
a compact manner difficult. This is important in applications where storage volume is paramount, such as
in automobile and aviation. Physisorption of hydrogen molecules on materials with high surface area to
volume ratio like nanotubes is one of the strategies to increase this volumetric efficiency. Along with
carbon nanotube (CNT) and boron nitride nanotube (BNNT), silicon carbide nanotube (SiCNT) is one of
the candidate material considered for this use. Although has yet to be experimentally sythesized in single-
walled form, larger silicon carbide nanotube has shown promising gain with respect to carbon nanotube
in terms of storage capacity and lack of sorption hysteresis. Theoretical studies points to the stronger
binding energies and existence of point charges naturally occurring on alternating Si-C surface, but lack of
experimental evidence renders this conclusion unclear. We present the first attempt to use Diffusion
Monte Carlo (DMC) in studying the adsorption of molecular hydrogen on single walled SiCNT surface.
DMC is a stochastic method to directly solve many-body Schrédinger equation, which is capable of
describing non-covalent interactions as is prominent in such physisorptive system. Several exchange-
correlation functionals used in previous density functional studies are benchmarked against DMC in order
to establish their accuracy in this specific system, and assess previous conclusions regarding the
suggested improvement of binding characteristics on SiCNT.

3. NAME OF CO-AUTHORS IN JAIST
3.1 LIST OF CO-AUTHORS

- Prof. Kenta Hongo / School of Information Science
- Prof. Ryo Maezono / School of Information Science
- Dr. Kousuke Nakano / School of Information Science

A/How many co-authored publication with JAIST faculties so far [4].
B/How many co-authored publication with JAIST faculties planed in future [2].

4. PUBLICATION LIST DURING FY2020 USING JAIST FACILITIES
[1] G. I. Prayogo, H. Shin, A. Benali, R. Maezono, K. Hongo. “Importance of van der Waals interaction in
hydrogen adsorption on silicon-carbide nanotube revisited with vdW-DFT and QMC”. (under review).
[2] K. Utimula, T. Ichibha, G. I. Prayogo, K. Hongo, K. Nakano, R. Maezono. “A quantum annealing
approach to ionic diffusion in solids”. Sci. Rep. 11, 7261 (2021)
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[3] K. Utimula, G. I. Prayogo, K. Nakano, K. Hongo, R. Maezono. “Stochastic Estimations of the Total
Number of Classes for a Clustering having Extremely Large Samples to be Included in the Clustering
Engine”. Adv. Theory Simul. 4, 2000301 (2021)

5. CO-AUTHORING PROJECTS FOR FY2021 USING JAIST FACILITIES

5.1 LIST OF PLANNED PUBLICATIONS
[1] ‘Ground state determination of LiVX, system using Diffusion Monte Carlo (temporary)’, [K. Nakano,

K. Hongo, R. Maezono], [journal (temporary)].
[2] ‘SHRY: A Suite for High-throughput generation of models with atomic substitutions implemented

by python (temporary)’, [K. Nakano, K. Hongo, R. Maezono], [Computer Physics Communications

(temporary)].
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(1] ZHEEL, " F8Y 1 TV AV ) —X 14 FDTD LT 5 5 OEFR” oo J-#, 2015.

[2] K.S.Yee, "Numerical solution of initial boundary value problems involving maxwell’s equations
in isotropic media” , IEEE IEEE Transactions on Antennas and Propagation, Vol.14, 1966.

[3] Kentaro Sano, "DSL-based Design Space Exploration for Temporal and Spatial Parallelism of
Custom Stream Computing”, Processing of the Second International Workshop on FPGAs for
Software Programmers (FSP2015), arXiv:1509.00040, 2015.
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pp.7-12, 2020.
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0 Program verification for cautions of microcontrollers
School of Information Science, Aoki Lab
NGUYEN Thi Thuy

Machine: Impce

Abstract: Handling hardware-dependent properties at a low level is usually required in
developing microcontroller-based applications. One of these hardware-dependent properties is
cautions, which are described in microcontrollers hardware manuals. The process of verifying
these cautions is performed manually, as there is currently no single tool that can directly handle
this task. This research aims at automating the verification of these cautions. To obtain the
typical cautions of microcontrollers, we investigate two sections which have a considerable
number of required cautions in the hardware manual of a popular microcontroller. Subsequently,
we analyze these cautions and categorize them into several groups. Based on this analysis, we
propose a semi-automatic approach for verifying the cautions which integrates two static
program analysis techniques (i.e., pattern matching and abstract interpretation).

To evaluate our approach, we conducted experiments with generated source code,
benchmark source code, and industrial source code. The generated source code, which was
created automatically based on several aspects of the C program, was used to evaluate the
performance of the approach based on these aspects. The benchmark and the industrial source
code, which were provided by Aisin Software Co., Ltd.., were used to access the feasibility and
applicability of the approach. As the size of the generated source code and industrial source code
could be very large, the resource (time and memory) to analyze the source code was expected to
be large. Hence, Impce was employed to perform these experiments.

The result of these experiments shows that all expected violations in the benchmark
source code were detected. Unexpected but real violations in the benchmark program were also
detected. For the industrial source code, the approach successfully handled and detected most of
the expected violations. These results show that the approach is promising in verifying the

cautions.

Published papers:
1. T. Nguyen, T. Tomita, J. Endo, and T. Aoki, "Integrating Pattern Matching and Abstract
Interpretation for Verifying Cautions of Microcontrollers", Software Testing, Verification &

Reliability (under review)
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ACTIVITY REPORT OF FY2020

1. PROJECT TITLE:
INFORMATION-SCIENTIFIC STRUCTURE SEARCH FOR TERNARY HYDRIDE
HIGH-TEMPERATURE SUPERCONDUCTORS

PRINCIPAL INVESTIGATOR: SONG PENG
AFFILIATION: Doctoral student (D1), Maezono Lab
MACHINE USED: Impcc

2. PROJECT DESCRIPTION:

Recently, with the discovery of a new room temperature superconducting hydride in the
carbonaceous sulfur hydride, ternary hydrides have shown great prospects in the research of high-
temperature superconductivity. The traditional method of studying ternary hydrides has undergone
three steps of structure predict search, T, calculation, and experimental verification. Nevertheless, this
method will counter the bottleneck of being unable to find a reasonable chemical composition in the
first step. Many studies have shown that once the chemical composition of the hydride is determined,
there is a potential relationship between the maximum value of T. and its chemical properties. Here
we introduce a simple machine learning model to studying this properties and guiding search potential
ternary high temperature superconducting chemical composition. By this approach, YKH1, and LaKH1;
are selected as candidates for structure search in the pressure range 100-300 GPa. The electron-
phonon coupling calculations show that LaKHi, has a critical temperature of 87 K at 150 GPa, and
YKHi1, has a critical temperature of 143 K at 200 GPa. This results show a good correlation with
machine learning prediction. Limited by data sets and descriptors, current machine learning cannot
describe the behavior of superconducting hydrides very accurately. In future work, with the discovery
of more elemental superconducting hydrides and the introduction of more precise descriptors, this
method may lay the foundation for the search for atmospheric high-temperature superconducting
hydrides.

3. NAME OF CO-AUTHORS IN JAIST
3.1 LIST OF CO-AUTHORS

-Kousuke Nakano/School of Information Science.

-Prof. Kenta Hongo/Research Center for Advanced Computing Infrastructure.
-Prof. Ryo Maezono/School of Information science.

A/How many co-authored publication with JAIST faculties so far [0].

B/How many co-authored publication with JAIST faculties planed in future [2].

4. PUBLICATION LIST DURING FY2020 USING JAIST FACILITIES

5. CO-AUTHORING PROJECTS FOR FY2021 USING JAIST FACILITIES
In the past five years, a large number of new high-temperature superconductors have been predicted
and discovered through experiments in hydrogen-rich crystals, the pressure of which is too high to
meet any practical application. At present, the high-temperature superconducting hydride with the
lowest pressure is UH7 (54 K at 22 GPa). In addition, it has also been reported that the B-doped ternary
hydride can remain stable at low pressure. In this project, | focused on the doping B into U-H, and
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explored whether the pressure required for its stability can be further reduced through appropriate
elements. The objective of this research is to search potential low-pressure or ambient pressure high-
temperature superconductors.

5.1 LIST OF PLANNED PUBLICATIONS
[1] ' High-T. ternary metal hydrides, YKH1, and LaKHi,, discovered by machine learning', [Kousuke
Nakano, Kenta Hongo and Ryo Maezono], [journal (temporary)].
[2] ' Novel superconducting clathrate structures in LaYH1,', [Kousuke Nakano, Kenta Hongo and Ryo
Maezono], [journal (temporary)].
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ACTIVITY REPORT OF FY2020

1. PROJECT TITLE:

LARGE DEPENDENCE OF DMC BANDGAP ON SEMICORE CONTRIBUTION :
GAN STUDY

PRINCIPAL INVESTIGATOR: Nikaido Yutaka
AFFILIATION: JAIST
MACHINE USED: XC40, hster

2. PROJECT DESCRIPTION:

Gallium nitride (GaN) is widely used for electric device such as LED and transistor, taking its
advantages of high mobility and thermal conductivity. While band gap of GaN is experimentally
reported around 3.4 eV, density functional theory (DFT) underestimates the band gap. This is so-
called the band gap problem, which originates from the insufficient cancelation of the self-interactions
between the electrons in DFT. Diffusion quantum Monte Carlo (DMC), on the other hand, is a
candidate for overcoming the band gap problem. In DMC, the ground state energy of many electrons
system is calculated using wave function that undergoes imaginary time development. This formalism
is ab initio calculation, hence the band gap problem cannot arise in DMC.

However, some other issues would affect the calculated band gap in DMC. Our focus is mainly on
semicore d electrons of GaN. In the current project, we have investigated how prediction of the
gallium nitride (GaN) band gap is affected by treating semi-core d-electrons as either valence or core
states in the pseudopotentials, which correspond to small-core and large-core approximations,
respectively. To distinguish the effect of semi-core treatment from another band gap problem
recognized in density functional theory (DFT), that is, underestimation related to the self-interaction
problem, we have performed diffusion Monte Carlo (DMC) evaluations under the fixed-node
approximation and the optical gap scheme. A comparison to experimental measurements of band gap
energies indicated that DMC predictions were overestimated, whereas DFT simulations, which were
used as a guiding function (DFT—DMC), were typically underestimated. This agrees with the trend
reported in previous DMC studies on band gap estimates. The large-core approximation has resulted
in a greater overestimation than the small-core treatment in both DFT and DMC. The bias in the
overestimation was approximately 30% for the DFT—=DMC operation. Several possible causes of this
bias were considered, such as pd-hybridization, core-polarization, and electronic screening effects.
However, although these factors could qualitatively account for the overestimation caused by the
large-core treatment, the estimated magnitude of the bias was too small to explain the evaluated
difference between small-core and large-core approximations of the band gap.

3. NAME OF CO-AUTHORS IN JAIST
3.1 LIST OF CO-AUTHORS

- Prof. Maezono Ryo / School of information science.
- Associate Prof. Hongo Kenta / School of information science.
- Associate Prof. Nakano Kousuke / School of information science.

A/How many co-authored publication with JAIST faculties so far [1].
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B/How many co-authored publication with JAIST faculties planed in future [at least 1].

4. PUBLICATION LIST DURING FY2020 USING JAIST FACILITIES
[1] “GaN bandgap bias caused by semi-core treatment in pseudopotentials analyzed by the diffusion
Monte Carlo method”, Y. Nikaido, T. Ichibha, K. Nakano, K. Hongo, R. Maezono, AIP Advancess 2021,

11, 025225.
5. CO-AUTHORING PROJECTS FOR FY2021 USING JAIST FACILITIES
Diffusion Monte Carlo Study on Relative Stabilities of Boron Nitride Polymorphs.

5.1 LIST OF PLANNED PUBLICATIONS
[1] 'Diffusion Monte Carlo Study on Relative Stabilities of Boron Nitride Polymorphs' [K. Nakano],

[journal (temporary)].
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Content Generation and Serious Game Implementation

For Security Awareness Training

JAIST, Nomi, Ishikawa, Japan
Beuran Lab, ZENG Youmeizi
Machine: Cray XC40

With the growth of global informatization, the extensive application of information technology and
the widespread use of intelligent terminals, the Internet has penetrated every aspect of our lives.
However, while we use the Internet to communicate, do online shopping and so on, hence it brings
infinite convenience to people, we cannot ignore the associated cybersecurity risks. To defend against
cyberattacks, in addition to maintaining vulnerabilities, it is more important to train individuals on

cybersecurity awareness.

There are many methods to conduct training on cybersecurity awareness. In traditional ways, we will
learn in the classroom or through reading materials. However, those traditional learning strategies
have not met the demand. We want to find a combined education and entertaining way to conduct
cybersecurity awareness training and improve learning motivation. Moreover, like training, the

impact of learning content on trainees is not ignored, and many quality materials are needed.

To quickly and efficiently obtain a large amount of customizable training content, this research
proposed using Natural Language Generation to generate the content automatically. In particular,
we used Naive Bayes models to generate cybersecurity training content for the platform presented.
Training Naive Bayes models were carried out in Cray XC40, and each job used 4 nodes to improve

the training speed.

After solving the problem of creating training content, we developed a web application, named CyATP
(Cybersecurity Awareness Training Platform), to display the generated content as a convenient way

to conduct security awareness training.

In the research, we propose a way to automatically generate cybersecurity training content using
NLG technology. This method can quickly, easily and efficiently generate a large amount of training
content, can meet users' needs. We develop and implement a cybersecurity awareness training
platform CyATP. It provides a tool for everyone who wants to gain or expand their knowledge in
cybersecurity awareness. We provide the source code of CyATP as an open-source project on GitHub
that can be easily deployed by security educators and used for training content generation and as a

training platform.

List of Planned Publication:
1) Y. Zeng, "Content Generation and Serious Game Implementation for Security Awareness
Training", Master's thesis, March 2021.
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1) Rina Saito, Kengo Hayashi, Haruna Nomoto, Misuzu Nakayama, Yousuke Takaoka, Hiroaki Saito,
Souhei Yamagami, Toshiya Muto & Minoru Ueda, “Extended JAZ degron sequence for plant
hormone binding in jasmonate co-receptor of tomato SICOI1-SlJAZ”, Scientific Reports volume 11,
Article number: 13612 (2021).

31



EPERERTR & 7 — 2 B e R Lo EIRE SR VA7 M $ 240158

BRTERFTFMER TR - A 551
filt A FLE%: KAGAYAKI

Wz

AW T, BEINH 2V ATRICWE - BRI R 2 b— 3 VERITWD, HiEME OWRERE X
BT AT AOBBEZENET D, DI, BESTITAAL T 4~T 4 7 ATHEER>TND
F— A REOMEERRT D720, ERTF—Z LI a2l —Ta ViR T—ZOBRICESE, EBIC
XERT — X PMEE LR VWSRIEICOWTH T — 2 2 Tl L CTHEMERARA ET 22 L2 BET. 2
DEZDEZICHDLDIE, HERZCIBNTY I a2l —a v B EURA Y MUDLOEHIICITY 2N E
TOMZETEND, BRT—ZZHBUHE LN 5 VR 2 b— a U RS BIICAT O BF9E Tk
NDONRGHEA LT N THD.

V3ial—varEHWnEINE TOMERRETIE, IR v RTHRENNET D ENRE.
L7 U AR OB NZIERIA D & D 1= OITHFSEE DR T ot ADKR MRy 71l >TLED. £
2T —2 % NPT 57-01201%, vIa2b—va OREONTIEREEIETI2VLERLHH7-0
2, AL ONHEBRMEATE V. T2 CRBETIE, R r v RCEEND EREL L B
ftL, ¥YIab—va VEREBONIEREZOEFEFHT LI EHELTS.

AHFFERREITE BN U A Y ORREFERBEE LT O 23, BNV A Y OEFIWE T,
THEG LI EEBIER D T CICEACEEICH > T, EBRT—ZNER-IN TN D, gD LR
LNTEY, AT —Z HIERARETH D, £ 2T, BEME S TOBEEERBUCE LT, #HEAZICL
S TEBRIMRZHFHE TCE DN E I DERFT 5. KIZ, BEMERS T CHLNZMRIZE SN TH T
TA Y WEGAARE L, HERFREIEH L CEEED TV A YEOEB A2 RET 5. 2ol
FRCHBEBMNGS TOMRCHIEHET —% LT — 2 OBRICET 2V — LV E2TERAT 5. KRB TH
AT 200k NEME) WTETIEH 0, BEMLICE Y AT OEEZW ST 2 & CTHRERROIIES
HE7.

BIEIXEHE OT A7 b v 7H ECREETE & BN RRE1To TR0, K — 25 H4 5 %
R CTETDD, BEFOVAT A ETRRIATER THHSETHLS FETHD. Fio, BERETIX
KAGAYAKI #Ff &H Tl 22 BELTWEN, SEOMEE EABMA T Y 2 L8 E T 58541
LMPCC, GPU AN #HEA78551% VPCC ZFIH & CHi alREMEN S 5.

B AT 2
D BEtEBmie 17— 2B L AR ZEO MBI E S SWBERE S AT A, BEEITEC), BE

&5 19K12007, 2019~2021 4FJE.

32



ACTIVITY REPORT OF FY2020

1. PROJECT TITLE:
Structural And Electronic Properties Of Cu Doped ZnO Nanowire

PRINCIPAL INVESTIGATOR: Mohaddeseh Abbasnejad

AFFILIATION: Shahid Bahonar university of Kerman, Kerman, Iran

ADDRESS: Dep. of Physics, Shahid Bahonar university, Pajoohesh Sq., Kerman 76169-14111 Iran
PHONE: +989177317514

EMAIL: m.abbasnejad@gmail.com

WEBPAGE: https://physics.uk.ac.ir/en/~m_abbasnejad

MACHINE USED: (XC40/Altix/hster/Linux cluster) hster, XC40

2. PROJECT DESCRIPTION:

In the recent years, there has been increased interest in zinc oxide (ZnQ) in terms of its potential

applications because of its particular electric and optical properties. Owing to its large direct band gap
(3.4 eV) and exciton binding energy (60meV), the compound is suggested as a material for opto-
electronic devices, such as light emitting diodes, and lasers. Moreover, its piezoelectric and
pyroelectric properties make ZnO a promising candidate for sensors, actuators and energy generators.
Piezoelectric effect is unique in a way that couples mechanical stimulation with electronic output.
Recently two-dimensional (2D) materials have sparked interest for piezoelectric applications because
of their high crystallinity and ability to withstand enormous strain. The two-dimensional layered phase
of ZnO was firstly predicted by Freeman that ZnO film prefers a graphitic-like structure when the
number of ZnO(0001) layers is reduced due to the depolarization of the surface.
In the current project, we desire to investigate the piezoelectric properties of ZnO monolayer in the
framework of density functional theory as implemented in ABINIT package. Moreover, since native
defects may also affect the properties of pristine ZnO monolayer, these properties will also study for
defected structure.

3. NAME OF CO-AUTHORS IN JAIST
3.1 LIST OF CO-AUTHORS

- Prof. Ryo Maezono/School of information science.

A/How many co-authored publication with JAIST faculties so far [4].
B/How many co-authored publication with JAIST faculties planed in future [at least 2].

4. PUBLICATION LIST DURING FY2020 USING JAIST FACILITIES
[1] “Magnetic ordering of Ti-doped single ZnO monolayer”, O. Jowhari Shirazi, M. Abbasnejad, R. Fathi,
R. Maezono, submitted to Physica E Low Dimens. Syst. Nanostruct.
[2] “Electronic and magnetic properties of pure and Cu doped ZnO non-polar surface”, E. Irandegani, R.
Maezono, M. Abbasnejad, under preparation.
[3] “Structural and electronic properties of Cu doped ZnO nanowire”, E. Irandegani, F. Badpa, R.
Maezono, M. Abbasnejad, under preparation.

5. CO-AUTHORING PROJECTS FOR FY2021 USING JAIST FACILITIES
Study of Piezoelectricity of ZnO monolayer using ab initio calculations.
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5.1 LIST OF PLANNED PUBLICATIONS
[1] “Piezoelectric properties of ZnO monolayer via first principle calculations”, [Ryo Maezono], [Journal
of Applied Physics].

34



AcTivity ReEporT or FY2020

1. Project TITLE:
ELECTRONIC AND OPTICAL STUDY OF THERMOCHROMIC W-DOPED VO2

USING AB-INITIO METHOD

PRINCIPAL INVESTIGATOR: Mayank Dotiyal (under the supervision of Dr Emila Panda)
AFFILIATION: PhD research scholar, Materials engineering

ADDRESS: IIT Gandhinagar, India

PHONE: +918196035988

EMAIL: mayankd@iitgn.ac.in

WEBPAGE: -

MACHINE USED: hster cluster

2. PROJECT DESCRIPTION:

Vanadium dioxide (VO,) shows an interesting thermochromism property, in which it acts a
semiconductor at any temperature below the Transition temperature (Tc= 68°C) and metallic above the
Tc. The aim of our experiment is to calculate the electronic and optical properties of W-doped VO2
using the ab-initio approach. The obtained results would, then, be correlated with the experimentally
obtained results. The future plans include the interfacial, infrared emissivity and defect studies of the
same.

3. NaME OF Co-AUTHORS IN JAIST
3.1 LiST OF CO-AUTHORS
-Prof. Ryo Maezono /School of Information science
-Prof. Kenta Hongo /School of Information science

A/How many co-authored publication with JAIST faculties so far [0].
B/How many co-authored publication with JAIST faculties planed in future [1].

4. PUBLICATION LIST DURING FY2020 usING JAIST FACILITIES

5. Co-AUTHORING PRrROJECTS FOR FY2021 usING JAIST FACILITIES
I would be using VASP (Vienna ab-initio Simulation Package) software for the first-principles
calculations of the W-doped VO2. Other doping elements would be chosen subsequently based on the
desirable value of the transition temperature.

51 LIST OF PLANNED PUBLICATIONS
[1] ‘First-principles and experimental investigation of electronic and optical properties of W-doped
VO2’, [Ryo Maezono and Kenta Hongo], [Applied Surface Science]
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ACTIVITY REPORT OF FY2020

1. PROJECT TITLE:

Understanding the phase stability of oxides in the context of fine tuning their functional properties
including role of plasmonic properties of nitrides - a combinatorial approach based on computations and
experiments.

PRINCIPAL INVESTIGATOR: Niraja Moharana
AFFILIATION: Doctoral student, [IT Madras, India

ADDRESS: Department of Metallurgical and Materials Engineering, IIT Madras, Chennai — 600036,
India

PHONE: +91-8763318358

EMAIL: niraja.moharana.moharana@gmail.com
WEBPAGE: NA

MACHINE USED: XC40

2. PROJECT DESCRIPTION:

Plasmonic nanocrystals of transition metal nitrides (for eg: TiN) crystallized insitu in a Si-O-C-N
ceramic matrix have been synthesized via precursor approach which are referred to as polymer derived
ceramics (PDCs). It is possible to control the size and volume fraction of the nanocrystals by appropriate
heat-treatment. The idea is to explore and establish the precise role of crystallite size on the plasmonic
response of such nitrides-nanocomposites both experimentally and computationally. Experimentally, UV-
visible spectroscopy was used to confirm the plasmonic behavior of these nanocomposites so that one
could establish the crystallite size dependence of plasmonic behavior as well as the plasmonic peak shifts
which could be a consequence of strain effects imposed by the matrix on the nitride crystallites.

To establish the plasmonic peak computationally, dielectric (imaginary part) needs to be plotted as a
function of energy (optical absorption spectra). It will be useful to replicate the experimental absorption
spectra i.e., plasmonic peak measured by UV-visible spectroscopy. Time dependent density functional
theory (TDDFT) can be used for this purpose. It calculates the evolution of electrons under the effect of
oscillating electric field associated with the presence of photon. It is based on Runge-Gross theorem
which states that “for a given initial state, the time evolving one body density tells you everything about
the time evolving interacting electronic system exactly”.

VASP uses Bathe Salpeter equation (BSE) to solve the TDDFT. It determines optical response function
(frequency dependent dielectric function) including excitonic effect. A preceding GW step is needed to
determine the screened coulomb kernel. GW method, which is a post DFT step, takes into account the
coulombic interaction of the system (W). It provides the access to the spectral properties of the system
by determining the energies of the quasiparticles of the system using a screened exchange like
contribution to the self-energy. A significant number of empty bands are needed for this approach.
Hence, the approach is very time consuming and need more memory even for a simple compound (ex-
TiN).

Another approach, Quantum espresso uses time dependent density functional perturbation theory
(TDDFPT) to calculate the optical spectra. Liouville-Lanczos method is used to calculate the full optical
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spectrum for the wide energy range. This method avoids using large number of empty bands. Instead, it
uses a projector operator on to the occupied states. Hence, it uses less time and memory.

3. NAME OF CO-AUTHORS IN JAIST
3.1 LIST OF CO-AUTHORS
- Prof. Ryo Maezono/School of Material science

A/How many co-authored publications with JAIST faculties so far [00].
B/How many co-authored publications with JAIST faculties planed in future [01].

4. PUBLICATION LIST DURING FY2020 USING JAIST FACILITIES
NA

5. CO-AUTHORING PROJECTS FOR FY2021 USING JAIST FACILITIES

Same project as above.

5.1 LIST OF PLANNED PUBLICATIONS
[1] ‘Plasmonic property of transition metal nitrides in a Si-O-C-N matrix : experiments and
computational validation (temporary)’, [Niraja Moharana, Ryo Maezono, N.V.Ravi Kumar, K.C.Hari
Kumar], [Temporary].

37



ACTIVITY REPORT OF FY2020

1. PROJECT TITLE:

SURFACE DEFECTS AND THEIR IMPACT ON THE ELECTRONIC STRUCTURE
OF SNS USING DENSITY FUNCTIONAL THEORY

PRINCIPAL INVESTIGATOR: Rohit Sanjay Dahule (supervised by Dr Emila Panda)

AFFILIATION: Discipline of Materials Engineering, Indian Institute of Technology, Gandhinagar
ADDRESS: D- 465, Duven Hostel, IIT Gandhinagar, village Palaj, Gandhinagar, Gujrat (INDIA)- 382355
PHONE: +91 8007871307

EMAIL: rohit.dahule@iitgn.ac.in

WEBPAGE: If available

MACHINE USED: hster cluster

2. PROJECT DESCRIPTION:

SnS is a promising photovoltaic absorber material because of its low cost and less toxicity.
However, various types of point defects exist in this material, affecting the electronic defect states and
thereby its electrical properties. In this work, the density functional theory (DFT) calculations were
performed using the Vienna Ab-initio Simulation Package (VASP) to calculate the bulk and surface
electronic properties of SnS along with the intrinsic surface defect states. In this study, an
orthorhombic crystal structure with 8 atoms (i.e., SnsSs) in its supercell was considered for computing
the bulk electronic properties of SnS. Moreover, the surface properties of the SnS (111) surface were
calculated using a surface supercell. The SnS surface supercell was constructed with three slabs and
the thickness of each slab was 5.909 A with a vacuum thickness of 15 A. Here, Generalized Gradient
Approximation (GGA) Perdew-Burke-Ernzerhof (PBE) was adopted for the exchange-correlation
potential. Here the electronic properties were calculated using electronic band structure as well as
partial density of states (PDOS). The bulk SnS structure predicted an indirect bandgap of 0.8102 eV
and the SnS (111) surface supercell showed a direct bandgap of 0.248 eV. Here, surface defects
vacancies (Vs, and Vs), interstitial (Sn; and Si) and antisites (Sns and Ss,) were formed on SnS (111)
surface. Further, the formation energy determined to estimate the stability of surface defects. Here,
sulphur vacancy (Vs) was found to be more stable as compared to other defect states in Sn-rich
condition and sulphur antisite (Ss,) was found to be more stable as compared to its other defect states
in S-rich condition due to its lower defect formation energy and hence were likely to form.
Furthermore, the electronic structure for the SnS surface supercell with Vs, showed small unoccupied
states above the Fermi level and the band structure showed the bandgap of 0.38 eV. Here, the PDOS
of surface configurations for Vs, Sn;, Si and Sns surface defect showed the direct bandgap of 0.228,
0.389, 0.218 and 0.3414 eV respectively. Whereas, the PDOS for SnS (111) surface supercell with Sns
was found to have an overlap of the valence and conduction band edges at the Fermi level. As a result,
this surface configuration would exhibit a metallic characteristic. The understanding developed
through this work can be in designing efficient photovoltaic devices.
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3. NAME OF CO-AUTHORS IN JAIST
3.1 LIST OF CO-AUTHORS

- Prof. Ryo Maezono /School of Information science.
- Prof. Kenta Hongo/ School of Information science.

A/How many co-authored publication with JAIST faculties so far [01].
B/How many co-authored publication with JAIST faculties planed in future [01].

4. PUBLICATION LIST DURING FY2020 USING JAIST FACILITIES

[1] ‘Surface Study of Cu,SnSs Using First - Principles Density Functional Theory’ Rohit Dahule; Abhishek
Raghav, Adie Tri Hanindriyo, Kenta Hongo, Ryo Maezono, Emila Panda, Adv. Theory Simul. 2000315.

5. CO-AUTHORING PROJECTS FOR FY2021 USING JAIST FACILITIES
In FY 2021, | am continuing the project of research on Tin-Sulphide (SnS) material. | am planning to do
the first-principles calculation to do the study of the electronic structure of n-type semiconductor
materials such as Zn(0O,S), ZnO and CdS. Furthermore, the interface study of SnS (p-type material) and
n-type materials for the application of thin-film solar cells.

5.1 LIST OF PLANNED PUBLICATIONS
[1] 'Surface defects and their impact on the electronic structure of SnS using density functional
theory’, [Ryo Maezono and Kenta Hongo], [Applied Surface Science].
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Single-Molecule Imaging of a Polymer and All-atom MD Simulations

<7 U7 AT RR
R fdt—

i HEH R - vpee
i1 7 K : BIOVIA Materials Studio (Forcite, Amorphous Cell)
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Figure 1. Unidirectional processive movement of a short chain
along a chiral helical polymer chain. (A) A short chain walking
observed by AFM video imaging. The walking short chain was
indicated by green arrow in snapshots of AFM movie. XY: 300 nm
x 225 nm (192 pixel x 144 pixel), Rate: 1.0 fps. The origin (0,0) is ‘ ]
the upper left in the AFM image. (B) Distribution of the step size e AR
of X (AX) of walking molecule between frames (AX = Xp,1 — X,).  © . .
(C) Distribution of the step size of Y (AY) of walking molecule ° £
between frames (AY = Y1 — Yy). (D) Time course of the walking g
molecule position as the X and Y coordinates. Unidirectional
movement was confirmed. (E) MSD plots based on the
trajectories data of (D). D = 24.6 nm?/s.
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1.  Ken-ichi Shinohara, Yuu Makida, Polym. Prepr., Japan 69 (1), 2Pf110 (2020).
2. Ken-ichi Shinohara, Yuu Makida, Polym. Prepr., Japan 69 (2), 1112 (2020).
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Band structure calculation in commensurately encapsulated ABA-stacked
trilayer graphene

Kareekunnan Afsal

Mizuta Lab

School of Materials Science
Machine Used: XC40
Program Code: SIESTA

Trilayer graphene exhibits two stacking configurations, ABA and ABC. While ABC-stacked
trilayer graphene opens a band gap under external electric field, predominantly existing ABA-stacked
trilayer graphene is a semi-metal which does not open a band gap even under the application of an out-of-
plane electric field. This limits the use of trilayer graphene in potential device applications as it necessitates
the opening of a band gap. In this study, we show that commensurately encapsulating ABA-stacked trilayer
graphene with hBN where the top and bottom hBN are in-phase with each other, opens a band gap of 10
meV. We also show that the key in opening a band gap in ABA-stacked trilayer graphene is to increase the
potential of the middle layer while keeping the potential of the outer layers the same.

Ab initio calculations are performed using QUANTUM ESPRESSO [1] which uses plane
wave basis. PBE exchange-correlation functional [2] which employs Generalized Gradient
Approximation (GGA) is used in all the calculations. A norm-conserving pseudo-potential with kinetic
energy cutoff for wave functions of 60 Ry is used. In order to procure optimum interlayer distance
between the two graphene layers, semi-empirical Grimme’s DFTD2 [3] van der Waals correction is
employed. A fine Monkhorst-Pack grid of 36x36x1 is used in all the calculations. The atomic positions
are optimized until the force on each atom is k (10%/A)

less than 0.01 eV/A. (a) g\t" “.f:_‘— ‘:& (b) L

Figure 1: (a) Schematic diagram showing the BN/ABA
heterostructure. The Boron atom comes below the Al
(and A3) Carbon atom and the Nitrogen atom comes
below B2 Carbon atom. (b) Band structure of the
BN/ABA heterostructure at K high symmetry point
around the Fermi level. The large potential difference
between the outer graphene layers leads to the
hybridization of the monolayer- and bilayer-like bands.
(c) Schematic diagram showing the encapsulated ABA
trilayer heterostructure. The top hBN is placed in-phase
with the bottom hBN. (d) Band structure of the
encapsulated heterostructure (BN/ABA/BN) at K high
symmetry point around the Fermi level. A band gap of
10 meV is opened between the monolayer like valence
band maximum and the bilayer like conduction band
minimum.

References:
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3865 (1996).
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ACTIVITY REPORT OF FY2020

1. PROJECT TITLE:

DIFFUSION MONTE CARLO EVALUATION OF DISILOXANE LINEARIZATION
BARRIER

PRINCIPAL INVESTIGATOR: Adie Tri Hanindriyo
AFFILIATION: Japan Advanced Institute of Science and Technology (JAIST)
MACHINE USED: XC40

2. PROJECT DESCRIPTION:

The disiloxane molecule is a prime example of silicate compounds containing the Si-O-Si bridge.
The molecule is of significant interest within the field of quantum chemistry, owing to the difficulty
in theoretically predicting its properties. Herein, the linearisation barrier of disiloxane is investigated
using a fixed-node diffusion Monte Carlo (FNDMC) approach, which is currently the most reliable ab
initio method in accounting for electronic correlation. Calculations utilizing the density functional
theory (DFT) and the coupled cluster method with single and double substitutions, including
noniterative triples (CCSD(T)) are carried out alongside FNDMC for comparison. Two families of basis
sets are used to investigate the disiloxane linearisation barrier - Dunning's correlation-consistent
basis sets cc-pVxZ (x = D, T, and Q) and their core-valence correlated counterparts, cc-pCVxZ. It is
concluded that FNDMC successfully predicts the disiloxane linearisation barrier and does not
depend on the completeness of the basis sets as much as DFT or CCSD(T), thus establishing its
suitability.

3. NAME OF CO-AUTHORS IN JAIST
3.1 LIST OF CO-AUTHORS

- Prof. Ryo Maezono/School of Materials Science.
- Prof. Kenta Hongo/ School of Information Science.

A/How many co-authored publication with JAIST faculties so far [5].
B/How many co-authored publication with JAIST faculties planed in future [1].

4. PUBLICATION LIST DURING FY2020 USING JAIST FACILITIES

[1] A.T. Hanindriyo, S. Sridar, K.C. Hari Kumar, K. Hongo, and R. Maezono. “Ab initio thermodynamic
properties of certain compounds in Nd-Fe-B system”. Comp. Mat. Sci. 180 109696 (2020)

[2] A. Hermawan, A.T. Hanindriyo, E.R. Ramadhan, Y. Asakura, T. Hasegawa, K. Hongo, M. Inada, R.
Maezono, and S. Yin. “Octahedral morphology of NiO with (111) facet synthesized from the
transformation of NiOHCl for the NO, detection and degradation: experiment and DFT
calculation”. Inorg. Chem. Front. 7 3431-3442 (2020)

[3] T. Hasegawa, A. Shigee, Y. Nishiwaki, M. Nagasako, A.T. Hanindriyo, K. Hongo, R. Maezono, T.
Ueda, and S. Yin. “New layered perovskite family built from [CeTa,0;]" layers: coloring
mechanism from unique multi-transitions”. Chem. Commun. 56 8591-8594 (2020)

[4] A. Raghav, A.T. Hanindriyo, K. Utimula, M. Abbasnejad, R. Maezono, and E. Panda. “Intrinsic
electronic defect states of anatase using density functional theory”. Comp. Mat. Sci. 184 109925
(2020)

48



5. CO-AUTHORING PROJECTS FOR FY2021 USING JAIST FACILITIES
[1] Ab initio investigation of multiferroic iron chalcogenides BaFe,S; and BaFe,Ses

5.1 LIST OF PLANNED PUBLICATIONS
[1] 'Diffusion Monte Carlo evaluation of disiloxane linearization barrier', [Ryo Maezono, Kenta
Hongo], [Physical Chemistry Chemical Physics]
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ACTIVITY REPORT OF FY2020
1. PROJECT TITLE:

AB INITIO SIMULATIONS OF A NEW MIXED-ANION COMPOUND

PRINCIPAL INVESTIGATOR: Gewinner Senderanto Sinaga
AFFILIATION: Maezono Lab.
MACHINE USED: XC40, VPCC

2. PROJECT DESCRIPTION:

Since a perovskite oxide, BaCeOs, is stable, new oxyhydrides based on BaCeOs; have been
expected to exist, but such oxyhydrides have yet to be synthesized experimentally. Topotactic reactions
of BaCeOs can be a promising choice of synthesizing the oxyhydrides compounds, where CaH, works as a
reduction reagent of substituting oxygen atoms with hydrogen atoms. To investigate the synthesizability,
we have performed electronic structure simulations based on density functional theory (DFT) and phonon
simulations combined with DFT for the BaCeO,H compound. Our computational study revealed that the O
atoms are regularly removed and substituted by the H atoms favoring the apical sites. The DFT band
structure calculation showed that BaCeO,H has a direct bandgap of 2.8 eV, where the valence band
consists of a hybridization of the Ce-4f orbitals with O-2p and Ce-5d orbitals, whereas a Ce-4f mainly
contributes to the conduction band. The phonon simulation demonstrated that BaCeO,H has no
imaginary frequency at any high symmetry points, and hence confirmed that BaCeO,H is dynamically
stable as its ground-state structure. This implies that BaCeO,H should be synthesized experimentally.

3. NAME OF CO-AUTHORS IN JAIST
3.1  LIST OF CO-AUTHORS
- Prof. Kenta Hongo / Research Center for Advanced Computing Infrastructure

- Prof. Ryo Maezono / School of Information Science
- Dr. Kousuke Nakano / School of Information Science

A/How many co-authored publication with JAIST faculties so far [1].
B/How many co-authored publication with JAIST faculties planed in future [1].

4. PUBLICATION LIST DURING FY2020 USING JAIST FACILITIES
[1] G. S. Sinaga, S. Song, K. Utimula, K. Hongo, R. Maezono, K. Nakano. “Discovery of novel BCS-type
superconductors in ThCr2Si2-type crystals via ab-inito and machine-learning techniques”. (under
review).

5. CO-AUTHORING PROJECTS FOR FY2021 USING JAIST FACILITIES

5.1 LIST OF PLANNED PUBLICATIONS
[1] ‘Ab initio structural identification of a new perovskite oxyhydride BaCeO,H and its electronic and
thermal properties (temporary)’, [K. Nakano, R. Maezono, K. Hongo], [Inorg. Chem. (temporary)].
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ACTIVITY REPORT OF FY2020
1. PROJECT TITLE:
AB INITIO EVALUATION OF COMPLEXATION ENERGIES
FOR CYCLODEXTRIN DRUG-INCLUSION COMPLEXES

PRINCIPAL INVESTIGATOR: Kenji Ogmhula

AFFILIATION: Hongo Lab. JAIST, Nomi, Ishikawa, Japan

MACHINE USED: (xc40/Linux cluster)

2. PROJECT DESCRIPTION:
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3. NAME OF CO-AUTHORS IN JAIST
3.1 LIST OF CO-AUTHORS

- Prof. Maezono Ryo /School of information science.
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4,

- Associate Prof. Hongo Kenta/ School of information science.

A/How many co-authored publication with JAIST faculties so far [3].
B/How many co-authored publication with JAIST faculties planed in future [2].

PUBLICATION LIST DURING FY2020 USING JAIST FACILITIES

[1] "Ab initio evaluation of complexation energies for cyclodextrin drug-inclusion complexes”,
K. Ogmhula, K. Hongo, R. Maezono, T. Ichibha, ACS Omega 5, 19371-19376 (2020)

[2] "Light Absorption Properties and Electronic Band Structures of Lead-Vanadium-Oxyhalide Apatites",
M. Nakamura, K. Ogmhula, K. Utimula, M. Eguchi, K. Oka, K. Hongo, R. Maezono and K. Maeda,
Chem. Asian J. 15, 540-545 (2020)

[3] "Two-Dimensional Perovskite Oxynitride K,LaTa,OeN with an H*/K* Exchangeability in Aqueous
Solution to Form Stable Photocatalyst for Visible-Light H, Evolution”, T. Oshima, T. Ichibha, K.
Ogmhula, K. Hibino, H. Mogi, S. Yamashita, K. Fuijii, Y. Miseki, K. Hongo, D. Lu, R. Maezono, K. Sayama,
M. Yashima, K. Kimoto, H. Kato, M. Kakihana, H. Kageyama and K. Maeda, Angew. Chem. Int. Ed. 59,
2-10 (2020)

. CO-AUTHORING PROJECTS FOR FY2020 USING JAIST FACILITIES

Study on thermal conductive polymer crystal
Study on the structure robustness for electrochemical reaction of cobalt hydroxide

5.1 LIST OF PLANNED PUBLICATIONS

[1] "High throughput exploration of high thermal conductive polymer crystal", [Ryo Maezono, Kenta.
Hongo], [journal (temporary)].

[2] "Structure robustness for electrochemical reaction of cobalt hydroxide", [Ryo Maezono, Kenta.
Hongo], [journal (temporary)].
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A study on domain adaptation for Named entity Recognition.

School of Knowledge Science, Dam Lab, Katsuhiko UTSUBO
Machine:: PC Cluster vpcc

Introduction

A vast number of papers have been published in the biomedical field. Since it is difficult to read all
of these, it is possible to obtain the required paper using Named Entity Recognition. Machine learning
requires a large amount of labeled training data; it is difficult to collect a large amount of them only in
the medical field. Therefore, we get labeled training data from the non-biomedical domain and predict
named entities from papers in biomedical fields using Domain Adaptation.

Models

We created the models by transfer learning using BERT and evaluated them to perform the Named
Entity Recognition task required in the biomedical field. We used the BioNLP 2016 dataset!. In the
Named Entity Recognition task, sentences were used as input, and words were labeled with bacterial
names, habitats, and regions. For these models, sentences were embedded in BERT or ALBERT, and
labels were classified using Feedforward Neural Network(FFN).

For comparison, a model created by randomly initialized embedding and simple FFN was used. We
also created a model in which FFN word embedding was initialized with a Glove word vector?. Besides,
instead of the classification model by the softmax layer, we created models of the transition probability
of the labels. By using input words that were embedded and encoded by Bi-LSTM, we obtain the
label’s transition probability by CRFs. Using this transition probability, we labeled the input words by
the Viterbi algorithm. Therefore, we created a total of eight models using four types of simple FFN,
Glove pre-trained, BERT, or ALBERT for word embedding, and two types of the softmax layer or label
transition probability by simple FFN for label classification.

Result

The test results are shown in Table 1. The model with the highest fl score was the ALBERT and
simple FFN classification model, and its score was 0.959. In the model for classifying labels by the label
transition probability and the Viterbi algorithm, the f1 score was lower than that in the model classified
by the softmax layer. It can be said that this means that the Bi-LSTM encoding input to the CRF's did
not extract the features well. It was also found that the pre-learning of GloVe embedding has the effect
of shortening the training time compared to the random initialization.

However, in the model using BERT and ALBERT, learning was saturated by learning several epochs,
so it can be said that the pre-training and transfer model by BERT or ALBERT was more effective than
the simple FFN model. It was found that pre-training and transfer learning using BERT is effective for
the Named Entity Recognition task in the biomedical field.

Table 1: The result of the named entity recognition of the bioNLP2016 test dataset.

model Recall Precision F1-score

1.WE+FNN(BaseLine) 0.855 0.811 0.861
2.WE+BIiLSTM+CRF 0.725 0.707 0.774
3.GloVe WE+FNN 0.861 0.884 0.862
4.GloVe WE+BiIiLSTM+CRF 0.748 0.805 0.720
5.BERT WE+FNN 0.942 0.944 0.941
6.BERT WE+BiLSTM+CRF 0.875 0.896 0.860
7.ALBERT WE+FNN 0.959 0.960 0.959
8. ALBERT WE~+BiLSTM+CRF 0.880 0.905 0.858

Thttp://2016.bionlp-st.org/
2https://nlp.stanford.edu/projects/glove/
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Research regarding esports topics via LDA model

Knowledge School, Huynh Lab, YU Yang

Machine: vpee, Impcee

Abstract

Reviews from players regarding different characteristics of an esports game are one of the worthiest
sources for the developers to enhance their services or adjust operating strategy. However, little
research has been conducted on detecting esports players’ favorite topics dealing with topic modeling.
Thus, this paper aims to use a data mining approach to analyze community data in the games domain
available on STEAM. We collected more than 1.2 million English reviews from four esports games up
to August 2020 on STEAM. Our contributions in this paper are: (i) we manually build a dataset by
filtering out high-quality esports game reviews, (ii) we then infer and group reviews into 3 groups
with 19 topics, and (iii) we add more contributions to finding the emerging opinions of esports players
towards the different topics of esports game reviews, which might benefit further research on

understanding esports reviews.
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