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While large language models and multimodal foundation models demonstrate remarkable
capabilities, their size poses significant deployment challenges. We introduce Temporally Adaptive
Interpolated Distillation (TAID), a novel inter-model adaptation technique that dynamically
bridges teacher and student models through time-dependent intermediate distributions. TAID
gradually transitions from the student's initial distribution to the teacher's distribution, effectively
addressing capacity gap and balancing mode-averaging/collapse issues. Our experiments
demonstrate TAID's superior performance in developing both language and multimodal models,
showcased through our state-of-the-art TAID-LLM-1.5B and TAID-VLM-2B, advancing efficient
AT deployment.
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Definition 3.1 (TAID Interpolated Distribution). For any input sequence y<* € Y*~' and any
output token y, € Y, the TAID interpolated distribution p, is defined as:

Pelysly™*) += softmax (1 — 1) -Togity, (valy ") + ¢ - logit, (usly ")) m

where t € [0,1] is a time-dependent interpolation p ; logit,, rep letached version

a
of the student logits (i.e., treated as a constant without being backpm;:mgmed}. and logit,, represents
the teacher logits.
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In recent years, with the improvement of computer performance, computational fluid dynamics
using the Lattice Boltzmann Method (LBM) has been attracting attention for its practical
advantages, such as its applicability to complex geometries and its efficient parallel computing.
However, there is not enough knowledge about the characteristics and applicability of LBM
compared to the conventional Finite Volume Method (FVM), especially in wind load evaluation of
buildings. In the "Guide to CFD Application" by the Architectural Institute of Japan 1), only the
FVM method is positioned as a method for evaluation, and the LBM method for load evaluation is
not applicable. Therefore, in this study, aiming at practical use of CFD using LBM in the field of
architecture, we verified the prediction accuracy of wind pressure on buildings using LBM .For the
fluid analysis in this study, we used a commercial fluid analysis software (ultraFluidX) and
TSUBAMEA4.0 to examine the practicality of the method.
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In this project, we aimed to realize an autonomous driving Al that surpasses human driving
capabilities using deep reinforcement learning. As key outcomes, we developed “One-D-Piece,”
a novel method for image tokenization enabling variable-quality compression, and “Act-Bench,”
a benchmark for evaluating instruction following in world models. These achievements allow
efficient handling of massive visual data and provide a foundation for AI agents to follow human
instructions, bringing us closer to safer and more advanced autonomous driving. We expect that
this progress will contribute to reducing traffic accidents and improving transportation
efficiency in the future.
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The micro-meteorology change due to the energy plant construction and anthropogenic heat
release was studied using Multi-Scale Simulator for the Geoenvironment (MSSG). Three cases were
compared to reveal the change in the wind direction, wind speed, ambient temperature. It is found
that although the wind direction does not change significantly, the horizontal wind speed and
ambient temperature increases significantly after the plant construction and operation.

Keywords: Micrometeorology, Anthropogenic Heat, Urban Heat Island, Energy Plant

1. Introduction

Micro-meteorology, which focuses on the lower
atmosphere closer to the surface and at finer
scales, significantly impacts energy plants
regarding site selection, design, and operation.
For a typical LNG plant with two trains, the
air-cooled heat exchangers (ACHEs) located in an
area measuring 500 m x 500 m can discharge
approximately 40,000 to 60,000 m?®s of air,
carrying between 200 and 1000 MW of heat,
which corresponds to a heat intensity of 4 to 10
kWm?. Additionally,

surface alteration are commonly conducted over

tree removal and land

an area of 2 km x 2 km for construction.

This study aims to elucidate the mechanisms
and extent of the impact resulting from the
construction and operation of energy plants on
micro-meteorology at the construction site. The
simulation compared micro-meteorological data
before and after plant construction and operation,
considering land surface changes and artificial
heat release under the climatic backgrounds of
tropical region.

In this study, the weather simulation was

11

performed using TSUBAME and the impact of the
plant construction and artificial heat release due
to the plant operation on the performance of
ACHESs was revealed.

Fig. 1 LNG plant construction and artificial heat

release

2. Simulation Model and Conditions
2.1 Simulation Tool

Multi-Scale Simulator for the Geoenvironment
(MSSG) was used The

simulation tool was developed by Japan Agency

in the simulation.

for Marine-Earth Science and Technology
(JAMSTEC), Institute of Science Tokyo and
Waseda University. As shown in Fig.2, the MSSG
can simulate the spatial scales from global scale

to street scale. The features of MSSG can be



found in the literature ©.

Fig. 2 Spatial scales and resolution of MSSG

2.2 Simulation Model

The simulation adopted four two-way-coupled
nested systems, with horizontal resolution of 6
km (nest-1), 1.5 km (nest-2), 400m (nest-3) and
100m (nest-4) centered at the energy plant area
as shown in Fig. 3. For all four nest systems, 86
vertical layers (lowest-layer height: 30 m) were
used for the 40-km height domain. The boundary
and initial conditions for the simulations were
taken from the Japan Meteorological Agency
(JMA) mesoscale analysis data (MANAL).

The elevation change was considered in the

model as shown in Fig. 4. The elevation in the

plant area was lowered because of the tree cutting.

In addition, the land index change was considered

as shown in Fig. 5. Furthermore, the
anthropogenic heat of 5 kW/m? released from an
area of 300m x 400m and 200m x 200m was
considered in Case-3. The anthropogenic heat is
released in the first cell above the ground and the

height of the first cell is 30 m.

Fig. 3 Four nested domains in Indonesia

12
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Fig. 4 Elevation change before and after plant cnstruction

Fig. 5 Simulation model setting for Case-1,

Case-2 and Case-3

2.3 Simulation Cases

Three cases were simulated to consider the
impact of energy plant construction and operation.
The main parameters are summarized in Table 1.

Table 1 Simulation cases.

Cases Terrain Land index | Anthropogenic
(Elevation) heat
Case-1 No LNG Evergreen No
plant broadleaf
(no tree forest
cut)
Case-2 | With LNG | Savannain No
plant the plant
(with tree | construction
cut) area
Case-3 | With LNG | Savannain Yes
plant the plant 5 kW/m2for an
(with tree | construction area of
cut) area 300m x 400m
and 200m x
200m

3. Simulation Results

3.1 Wind direction change

The wind direction changes for Case-1 (before

plant construction) and Case-2 (after plant

construction but no anthropogenic heat) was

compared in the wind rose of Fig. 6 and time series



data of Fig.7. It is found that no significant wind
direction change is observed because of the energy

plant construction.

Fig. 6 Wind Rose of December 2012 inside the
LNG plant for Case-1 and Case-2

~— Case-1 (Before construction )
— Case-2 (After construction )

Fig. 7 Time series data of wind direction for
Case-1 and Case-2 between 15th and 17tk

December

3.2 Wind speed change

The horizontal wind speed change at the location
of anthropogenic heat release was compared in
Fig.8 by plotting the wind speed data of three cases
between 15th and 17th December. It is found that
the wind speed in Case-2 is accelerated by about
0.5~1 m/s depending on the time because of the
roughness of land surface is reduced due to the tree
cutting. Also, it is surprising to observe the wind
speed in Case-3 (case of anthropogenic heat
release) is further accelerated by 1 m/s compared

with that of Case-2. The reason is explored in Fig.9

13
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by comparing the contour of ground surface
temperature and vertical velocity for Case-2 and
Case-3. The vertical velocity near the location of
anthropogenic heat release is enhanced, and thus
the horizontal velocity in Fig. 8 is accelerated. As
shown in Fig. 8, the horizontal wind speed in Case-2
increases by approximately 0.5~1.0 m/s compared
with that of Case-1.

Fig. 8 Time series data of horizontal wind speed
at the location of anthropogenic heat release for
Case-1, Case-2 and Case-3 between 15th and 17tk

December

Fig. 9 Comparison of ground temperature and
vertical velocity at 15m height for Case-2 and

Case-3 on 4th December 8 am.



3.3 Ambient Temperature change

The ambient temperature at 2 m height above the
ground and ground temperature was compared in
Fig. 10 and Fig. 11. The ambient temperature at 2 m
height in Case-2 increases by 1~2 °C compared
with that of Case-1 due to the land surface change.
Furthermore, the ambient temperature Case-3
(case of anthropogenic heat release) significantly

increases by 4 °C compared with that of Case-2.

Fig. 10 Time series data of ambient temperature
at 2m height at the location of anthropogenic heat
release for Case-1, Case-2 and Case-3 between

15tk and 17th December

4. Conclusion

The micro-meteorology change due to the
energy plant construction and anthropogenic heat
release was studied using Multi-Scale Simulator
for the Geoenvironment (MSSG). The change of
wind direction, wind speed, ambient temperature
was summarized as below:

(1) No significant wind direction change was found due
to the plant construction and plant operation
(anthropogenic heat release)

(2) The horizontal wind speed increases by 0.5~1 m/s

due to the plant construction and further increases by

1 m/s due to the anthropogenic heat release. Thus,

the horizontal wind speed increase by 1~2 m/s after

the plant construction and operation.

(3) The ambient temperature at 2 m height increases by

1~2 °C after plant construction and further

14
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increases by 4 ‘C after plant operation. Thus, the
overall ambient temperature could increase by
5~6 “C depending on the location after the plant
construction and operation. It shall be noted that the
release of anthropogenic heat is in the simulation
model is different with that of actual plant because
of the limitation of model setting in the weather
simulation. It is considered that the impact of
ambient temperature change could be less in the
actual condition.

The impact of plant construction and operation
on the ACHEs performance under the tropical
background was revealed in this study. It is
preferred to reveal the impact under other

climate backgrounds.
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Arthropods undergo body axis formation and segmentation during early embryogenesis. In this study,
using spider embryos as a reference, we develop a spherical-shaped platform where virtual cells are
arranged on the surface of a sphere. Using this computationla platform, we intend to reproduce body
axis formation and segmentation by simulating the behavior of multicellular assembly and the
network of cell-cell interactions. Furthermore, we develop the platform to achieve computational
experiments testing multiple generations of development and evolution. This year, we tested some of
our programs in the TSUBAME4.0 environment.

Keywords: arthropods, pattern formation, cell vertex model, mathematical modeling
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Lightweight DNN models are essential for automotive Al processors due to constraints in power
and computational resources. However, recent high-accuracy DNNs tend to be larger and more
computationally intensive. This highlights the need for effective DNN compression techniques

suitable for automotive Al applications.

This study focuses on extremely low bit quantization (2 to 4bits) that reduces memory size and
computational complexity. Although various quantization methods have been proposed, their
performance has not been thoroughly compared under the identical experimental conditions. To
address this, we conducted a benchmark evaluation of promising existing quantization techniques
for image classification under fair settings, while also clarifying the essential components to suppress

accuracy degradation.
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FCHMER (100 words F2EE)

We report two key advances toward practical EEG to speech BCI. First, zero-shot speech
classification with 269 hours of EEG data achieved 61.3% accuracy, demonstrating a strong
correlation between data volume and performance. Second, we propose a neural network that
processes EEG/EMG data collected under different tasks and electrode configurations via multi-task
learning, achieving 95.3% accuracy in healthy subjects and 54.5% in a speech-impaired patient with
a neurodegenerative disorder. Notably, transfer learning from healthy participants to the patient
significantly outperformed single-subject training (70.1% and 13.2%). These findings represent
promising  steps toward real-world BCI systems to support individuals with
neurodegeneration-related speech impairments.

Keywords: brain-machine interface, transfer learning, EEG, speech recognition
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Xie HIXAEBR N X A > & 0tk H Rl EICE H
T — X OBERFERREREL, Tho0FEEHV
TRt RRTEE OAEMMEE W LTV [19]. FEER
DFER, IBEFHRICE > THRVWT— X2 THERN
WRESEERTEE 2ITA 52 2/RLTW3. Jindal
Sk ERTEE OB LT, #HITr 33
ETNLVDOERICER L0 Z21ToTW5 [20]. E
BRCII R e Y 075 — 282 2 b3E=2550
FHIT-oTED, HRENT — X TEEEADE
TAEFEITLE LM RN Y T T — X &
WX 2IECHEREBREEND ST 2 E2RLT
W5, RIFETIEFICTIREAR D7 —2&ICEH
L, MEERIEEOBRMMEZ D3 5.
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3 9 1 BEESPBVLTRE X
S F— 2 BOERE

AR TIEILES [21] DERICH, 52607
T XA MEIKD F— 7 2T BN R kK
HAFY, 20Ul =2 DA THT BHET
ERHETHY 774 > F 2 —= 27 (SFT) L FER.

FE R XA B2 RABUAERS X7 2G5
12, MEEEHEATEOEHE YL NRA R 7 TOD SFTIZE
37T —XEOBREINT 5.

3.1 EERERE

TF—=2ty kb MEFEMEY, BIORE UK
R27D¥ETF—2e LT, BEEHEGKSHT
MFEATLIZ 2013 F 1 A9 5 2024 £ 6 A £ TOMKIME
FRHEOARY, RHLUEZMHRAL . ESEd OHEER
DA XEREL, BEFHICICCTT—4%2%
U7, REINCEE T -2 LT20134F 1 Ap
52024 4F 4 HETOFEE 419283 #F, MiE7T—& &
LT 2024 5 H Dt 5 2385 4, FHfimT—& 2 LT
2024 FF 6 HOREE 2574 e HE LTz, 2D 5 Bk
BEHFTAEIITFEE 7 — 2 ORLEA, 7Y 1.85 &
M= YRRV 2, EBNSRE UTHBELU
DFEXAYOETFAMDBHAEBELE. BERMCIE
llm-jp-corpus-v3" @ HAFE Wikipedia 7» & HilF 5 &
FED =27 M LE kB, RHUAERXZ
I AD SFT TIAXY, ARHLOMZHW .
MEEH S YE Llama3.1-Swallow-8B-v0.12 %
RNR—=—ZRETNE L, FHGLEARAY, BLITHAK
76 Wikipedia @ Z L2 % W CTlkfit FRiEE %2
fTolz. o, FEI 2Ry 7iTo7.

RHELERERIADSFT Llama-3.1-Swallow-
8B-v0.1 (ORG), #rHLHA Tkl HAE 21T -
7€ 7V (CPT-news) , HZANEE Wikipedia “CHkii 5 Hij
2B B 4T o 12 FL (CPT-jawiki) D 3 D& N — 2 E
FTrel, RELAERRX R 7 AND SFT %17 - 7-.
SFT F% & L T Low Rank Adaptation (LoRA) [22] &
A, ZRHICHW 27— 2 BIIEROFRET AR
L7, BARANCIE, 28 (419283), 457D 1(104821),
16 57D 1 (26205), 64 57D 1(6551), 1000, 100, 50 D
FHTREEHEL, ThPNTSFT 21To7%. %Y
FE DFEMNEATER A 1R

1) https://gitlab.llm-jp.nii.ac.jp/datasets/
1lm-jp-corpus-v3

2) https://huggingface.co/tokyotech-1lm/Llama-3.
1-Swallow-8B-v0.1
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SRR E 3 USIN

BINKR. 2 SHEEAFE OEREEFER  EY
BINR. 2 SHFEEAFLEOBKEIAFER EAHEAROEE 1 5 A2 HEE
Ej@g% 2 SEEEAFHRIEIARER  RHAREEROEH 1 5 Az HEE

[HEARIC & Bl
HEAROER 1 5 NI % HH
wE

FHEBIIAE AR

F2 AHLAREXR 7 DEEF -2 B2 ZLI BB

DFHIFE R (ROUGE). Ml 8 57— X o fE R~y .
50 100 1000 6551 26205 104821 419283

ORG 41.93 43.81 46.81 50.37 51.79 51.50 52.76

CPT-jawiki 42.02 43.89 46.53 50.02 52.08 51.46 52.78
CPT-news 43.19 44.35 47.50 50.42 52.02 51.74 53.39

FEMIEIE R H ULAEKKX X7 o FFAf$5 &
¥ L T ROUGE-1-F1 [23] (ROUGE) ¥ BERTScore-
F1 [24] (BERTScore) Z AW 7=. ROUGE O EHI121%
sacrerouge® % IV, HLFE O 57 B2 13TV RE S MR AT 25
MeCab [25] (IPA &) Z{# L 7=. BERTScore DH
HZ 1 bert-score 74 75 VY2 W, EFLICIE
tohoku-nlp/bert-large-japanese-v23 Z i f L 7=.

3.2 ERER

M1EXUFE21Z, RHELAEREZ R D¥E T —
2EEZIERBEORET VDR AT OHBEE
BT K126, RRZO¥EEF—L2RIELT
FEARMNZ CPT-news DHEREDE K IR o TV B Z ¥
Do, FlRK2hH, FICHFET X050 D

BT, CPT-news DMREL ZH AN DE T LD
REDEDPRKEL RoTVE IR bRE. ZDIL
Do, AHUERKZZAZICBWTIE, XA 7 D%E
7 — X EDMRD TH IR B TRk AT
DINRBRKE VAT RE I NS, 2 OEAN,
3) https://github.com/danieldeutsch/sacrerouge
4) https://github.com/Tiiiger/bert_score
5) https://huggingface.co/tohoku-nlp/

bert-large-japanese-v2

6) BEEFEOMEAEBE SN0, WRENEED1 Xy >
HOF v 7KL b5 SFT #1T- 7.
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3.3 EMRR

RIXERIDFET =250 FOHBEDKE
TADORMUERAZRT. ZOHITIX, CPT-news
DAIEMREM LRI TERY WS IR 24T
X T\ ZOHEFNZHOWT 10 BOEK 21T 72
¥ Z A, CPT-news 1% 10 Bl &2TT MK &4EMKL
7=DIZXt LT, ORG Tl 2/10 [B], CPT-jawiki Tl
3/10 BIDOAERIC L ¥ F - T\, MR8
Wier =&ty M2 K] L WO READEOREE
HIRT202REL-E 25, FilRFTER2KD
1.25%, HAFE Wikipedia Tl 0.14%D X EICHEI L
TW3Zedbhol. ZORENS, HEELET
WEHATEE 2175 22T, ZoRBIREINS
BRERXA VS LOWRBEZAERT 2 HEAD5EE - 72
LEZBLNS.

4 Sth2: BEFAFFHICEITFHEF
BTF—2D K XL VRS
3HEIDMERDP S, R LUERX R D¥ET—X

50 HED X 5 1THiD TAH i WIGE Ik H Rl
DRI RKZ N & DR TE /2. MHLHEFTEE I

FAWB¥E T — RIS NUNARETH 370, Hig
MTF—ZXEZELLTWV. L2LENS, FX A4V
WEoTRETFAINOWNETOREER S — 2 B

EZoN b, FIZIEEEME OGS HEEICE 3 %
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4.1 RERGTE
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2EREEEbLEET Xty VEHAELRE. FEF
XA Y DHFE T —RI12E 3 HTHW B EA
WIS r—2 >, iR XA > D¥EFT—&RI21E3
HiCH Wz HAGE Wikipedia Z A& H L7=. &5t
=2 EOPRISS BN =T R2 X1, &
BEEHHE XA T LURGE, i XA % 23,
172, 173, 1710, 120 &®7=5HE, EREEME XA >~
WK LGEDR T REEHE L.

BEFFEE 7o0¥E T —xxhEThrHV
T, LLM O HEaiEE 2 FE M L 7. 3 Hi e[RRI
Llama-3.1-Swallow-8B-v0.1 ZX—ZEF )L ¥ L, 2
Fix2xzRy 71707,

BRHLERRRIADSFT 7OD¥EF—&T
W HAEE 2T o & ET ML, RHUAR
RRAZAND SFT #1To72. ARHLAERDFEE 7 —4
&3 HiD I B W TR AT E ORI S K
ELoTWE50H L.

FEMISIE 3 fi & FARIC B H U A sk o & i
& 12 12 1 ROUGE-1-FI (ROUGE) ¥ BERTScore-F1
(BERTScore) % Fiu 7=,

4.2 RERFER

M2 BXUE3 ICHEEHERTEE OFEE T —XITB
FAHEGEFEOREEE(L I B BEDO R a7 O
BERTY. K25, HERXA V2110507
BEL IBEDRBELOMICZA a7 DENEL T
Wb Zenbhrsd., ZOEAIE ROUGE 721 T <
BERTScore DIEIZDOWT d —H L TR I 79,
DS, PRERAZEE—DFXA4 o
RXA4 D7 —2%—FEEGULTREAGDE S
YERED BB BT 2 ATREMED R I NS, ARHE
B%CH\ 7= Llama-3.1-Swallow-8B-v0.1 1ZBEIC H AGE
Wikipedia % W22 3T ONT WS, ZD7=,
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¥ F 38 SFT 21T - 7=,
9) BERTScore DAERII[TEE B IT/RT.
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B2 #MHEPEE ¥R T — X By 3 HEGEEOE
ERZLXE-BEDOMRE (ROUGE) . ~— & —fHTOfElZ
MG FEOHEERT.

®3 WBHEAFEEOFEE T —RITBI 2 HHLEOH
BB LEORHMEER. HMFHLEORI &2
RS

0 120 110 13 172 273 1

ROUGE  42.02 42.03 41.70 43.21 43.15 42.75 43.19
BERTScore 0.679 0.681 0.678 0.684 0.685 0.682 0.684

BAET—RCX2FEPBEICHE LI SBEN %
—ERIF L OO F A A ITHEHAT 2 &5 %R
PHEELTVWIAREEDEZEZONS. 2D XD Rl
KRB LR AL e fEMHICEB LZREE
DHEDFHITOVWTIISHROREL Lzw.

5 &HDIC

AWFZE T R X A4 L ieB1F 2 B LA & X
7 WNRIZ, WEEERTFE & FRR A7 DR 7 —
XEDOBBRERE L. SWOME, RHUAERX
A 7BV TIE, SFT O¥E 7 — 2 s D720
B E TR ATEE ORI K Z WATEEME DRI X
N7z, £, MEHIFEICHWEFEE T —212E
WTHHUEREZRZ ERA— XA Y OT7—20DH|
BRI 25, BWFEMIFEOYE T —X
WD KA AL VDT = ZPEELTOVEEEICH X
27 DVERER_FIC D7 2 or — ADHER X LT,

AHFEIEH L EFTHE KA AL O R LUAERX X
JERLEOER-oTED, o R X4y, &
A7 LT HRIBRDMEADH 2 Z & £ TIIRT Z
EMTERN. LMo TEHREBEMPETRZED
R XA >, ZALDORREXRZTHHHIL, K
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In this study, we developed a real-time AI voice synthesis platform utilizing deep learning
techniques. Specifically, we constructed a proprietary speech synthesis model inspired by the
"HALL-E" hierarchical neural codec language model, which enables minute-long zero-shot speech
synthesis. In addition, we developed the latest Al voice model, CoeFont v3 Fuji, which is proprietary to
CoeFont and is designed to be more human-like. Additionally, through discussions with the Cabinet
Office, we explored the societal implementation of the real-time Al interpretation service "CoeFont
Interpreter." These achievements contribute to the realization of high-precision and real-time voice

synthesis and interpretation systems.

Keywords: Deep learning, real-time, Al voice synthesis, zero-shot, Al intepretation
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Foundation models based on large language models (LLMs), are increasingly being utilized across
various fields, driving a paradigm shift in problem-solving methodologies in engineering. However,
there is still no established systematic methodology for building foundation models efficiently, and
researchers and developers must largely rely on trial and error. This study focuses on the automatic
construction of training datasets, which play a crucial role in developing foundation models.
Specifically, we aim to develop a method for automatically constructing training datasets for
foundation models in the Vision and Language (VL) domain. By leveraging evolutionary approaches,
we seek to establish a methodology for efficiently and effectively automating the construction of
foundation models.

Keywords: LLMs, Foundation models, Vison and language models, Evolutionary approach
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Task Name Instruction

Interpret the meaning of text within the context of the surrounding visual

Contextual text interpretation

objects or scenes.

elements. For example, explain what a label or sign refers to based on nearby

Classify the identified text in the image into predefined categories such as

Text classification

titles, publication information, and volume details.

Determine the importance and hierarchy of multiple text elements within

Hierarchical text reasoning

complex visual settings.

the image, such as distinguishing between main and supporting text in
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We propose CycleQD, a novel method for enabling large language models (LLMs) to acquire
diverse agent skills. By treating each task’s performance as a quality metric in a rotating fashion,
our approach eliminates the need for intricate data mixing ratios. We employ model merging as a
crossover step and introduce an SVD-based mutation to escape the convex region formed by the
initial expert models. In empirical evaluations of coding, operating systems, and database tasks,
CycleQD surpasses traditional fine-tuning baselines and reaches performance comparable to
GPT-3.5-TURBO. Moreover, it retains strong language capabilities and extends easily to vision
tasks.

Keywords: 5Df2E
Evolutionary Algorithm, Model Merging, Quality Diversity, LLM-based Agent, Skill Acquisition
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This project targets the two-dimensional replica exchange molecular dynamics (REMD) method and we
utilized multi-process services (MPS) on NVIDIA H100 GPUs with a moderate oversubscription setting
(up to 16 processes/GPU) in order to make effective use of computing resources that cannot be extracted
by a single process/GPU run. We applied the method to membrane permeability prediction of cyclic
peptides, and the effective throughput per GPU was improved about 2.85 times, reducing the number
of GPUs required and the total execution time. Furthermore, we applied the method to a membrane
permeability prediction project for 8 cyclic peptides.

Keywords: GPU oversubscription / CUDA MPS / Replica-exchange MD / AMBER / Cyclic peptide

permeability
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BORERLBABELTEINS, KBEBETE. COLSHBRISIUDLBABELETDREMEEZHALNZTS
=9I, 4 EEHE 6 EERFETORYLSUA)TI—DKFILYWENN—AFJULIKIZDWT DFT HE(CKHEEIE
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T BRYAFLUA)TI—IZDNWTHEEEREIT o=, TOHER. RV SoA)IT—D/IS—AFILIKIT=E
HOLBEABEZRYBADIZHL, RYAFLUA)IT—DRELLTABE X —BEOATHHAIEMNHASH,

Eliot=,

HCHME (100 words T2 )

Polysilanes are known as semiconducting polymers that exhibit helical structures. For example, in
poly[(S)-2-methylbutylsilane], the coexistence of a tight P-helix and a loose M-helix segment in the
same molecular chain has been reported, and this indicates multiple stable helical structures of
polysilanes. In this project, in order to clarify such helical structures of polysilanes and their stability,
we performed conformation searches by DFT calculations for hydrides and permethyl forms of
tetramer to hexamer of polysilane oligomers. For hydrides, calculations were also performed using the
MP2 and CCSD(T) methods to validate the results of the DFT calculations. For comparison, the
corresponding polymethylene oligomers were also subjected to a conformation search. The results
revealed that the permethyl form of polysilane oligomers can take three types of helical structures,
whereas the stable helical structure of polymethylene oligomers is only one type.

Keywords: DFT calculation, polysilane, polymethylene, helix, conformation search
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FEHEIE. TRILXF—REOMBEOBERIZE. VMV RABREGEFLIGERRRICEAEL TS, HHZEBEL
JORRBLCENERE - HEMEEEREIINODBRRDETERLGREZHE OO, EHEDREHEDH AN
—RALFERETLHEE. S EHEOEBORIELEADICANRITEETHS, LHL. SHETEMLEEEE
(T EHE-BEOEHREEROBITOERLLGE S TN, RRETIL, MEHEEREROFM AR O AN
HMMFFEZBEL. TSUBAME4.0 ETORYF T 32 —ay FFPNFEFERMYANEER-ER
BRMAEERBNZT o, SEIX. VY F—LFREFHATEEORAB LUV TILBREBEROE T RHE
HBETISOVWTHRET 5,

FE MR (100 words F2E)

Carbohydrates and carbohydrate-active enzymes interaction have many physiological roles such as
energy metabolism, cell communication, and infection. For revealing glycan-mediated biological
phenomenon and for drug discovery, it is important to clarify substrate recognition mechanisms of
proteins involved in biosynthesis and degradation of glycan. However, analysis of them have technical
limitation due to structural complexity of glycan. In this study, we performed docking simulation and
molecular dynamics simulation using TSUBAME 4.0 to analyze carbohydrate-active enzyme and
develop functional glycan materials. We report a novel substrate for assaying lysozyme activity and
analysis of substrate recognition mechanism for sialyltransferase.

Keywords: Carbohydrate, Lysozyme, Sialyltransferase, Docking simulation, Molecular dynamics
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ARFEIE, A—/8—aVE2—42 TSUBAME4.0 DFEEEHEFRAL.MD Y 2al—ia e FFitEEZHEA
EhEt CTEEMHAREXBETIAEEERTHIEFENET S, SEEFX. TTEERELTHESINST24H
WRAD D RIGHEICETSIERMLGMRZ/LICEETEZLL, FIFEEICSIEHE. H FREZXTEICLST
R ZEEHRICFATHIENTAREENEIRIIT BT, TaAHILIAIURDFD solvolysis IZFB LTz, Bl
EELVIZDODFERRICHEZTHEOTLED, EFLEHEOHKRIET CICTHREDHIEBERDMEMR L
EEMIZE—BLTWECER S o=, BontE=T—42F. MD HELGEISERTEIRFETILEEETLIO
[CHADEDTHD, SHIT.MD 2aL—arFRNT MAYYF—LEEH TS VHH ADEEDEES
HEL:, Bonf-T 2. BRI LO=HORMFERRTDIEHELTERTSFETHS,

This study aims to explore methods for supporting drug development by combining MD simulations
and quantum chemical calculations, leveraging the computational power of the supercomputer
TSUBAMEA4.0. This year, our first goal was to gain fundamental insights into the reactivity of the drug
candidate, duocarmycin. Continuing from the previous year, we focused on the solvolysis of
duocarmycin-like molecules to verify whether molecular orbital calculations can qualitatively predict
their reactivity. Although we conducted calculations on more molecules compared to last year, we
found that the quantum chemical calculation results were in good qualitative agreement with
previously reported experimental trends. The data obtained are essential for constructing molecular
models that can be used in MD simulations and related analyses. In addition, we investigated the
effects of mutations in VHH antibodies that recognize hen egg-white lysozyme, by using MD
simulations. The data acquired are expected to serve as guidelines for designing antibody mutations
aimed at improving affinity.

Keywords: MD simulation, Molecular orbital calculations, Solvolysis, Antigen-antibody interaction
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TSUBAME DOEELFERENEZERL. EFLES HEF-RLOmMiIZzEET OO FRETEHZR
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Z 3 :Development of methods for predicting virus phenotypes and evolution.
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IPLANT | ZBA% L7,

HCHME (100 words T2 )

Viruses evolve at a remarkable rate, altering their antigenicity to evade the host's acquired
immunity. Therefore, to supply effective vaccines, it is necessary to select vaccine strains that are
effective against the latest circulating strains based on antigenic changes in the virus. The
antigenicity of a virus can be evaluated through neutralization assays and other methods, but
theoretically, it should be possible to predict antigenicity solely from the sequence of the antigenic
protein. In this study, we developed the antigenicity prediction Al model "PLANT" for seasonal
influenza viruses, aiming to establish an antigenicity surveillance system based on viral sequence
information and a more efficient vaccine strain selection strategy.

Keywords: 5Df2E
Al, Virus, Vaccine development
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AHERTIL—TIEIEHRE A 200kW OFRLOIRESLUVZED 2 ETIILFA—FLRATLOWERFEEEDH T
W5, A ARETIL, TSUBAME4.0 #FALEHERAS S aL—av(2kY, 2006W LU XBEDOHKEMS
B, ELRTE, ZHEMETMT 5. 12 AR TOILHABBEZESHL-FLOERLOXICHLT, DIEESEE
BLf=V3alb—ay, LUXXEEBEE2EEL- 32— 3 a L, BIELTH2HREMREIT—&E 0.7
L E)ZERTA=-OIZIE, DIEOEIZREERED 10%(FEIZTIHENRHZENHMN-T-. 2 E2)ILFO—4
DREMRELEA-VIaL—a EERL, TEFERBALUXERED 10%M5 30%NDEETH 2%DFKEM
BN EONEZEERERLT.

FE X ER (100 words F2E)

Our research group is currently developing a medium-scale wind lens turbine with a 200 kW rated
power output and its multi-rotor system. This study assesses the power coefficient, wind loads, and
aerodynamic characteristics of the wind lens turbine using CFD simulations on TSUBAME4.0.
Simulations varied the brim height and lens support structure. Results indicate that to achieve a target
power coefficient of 0.7 or higher, the brim height should be approximately 10% of the turbine diameter.
Additionally, multi-rotor simulations varying turbine spacing showed a potential 2% increase in power
output within a 10% to 30% range of the lens diameter.

Keywords: Diffuser augmented wind turbine, Aero dynamics, Multi rotor system, Lattice Boltzmann
method
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H X Theoretical study of the formation and dissociation process of polyglutamine disease-related protein aggregates
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AEEMEBRD—DTHAEKYT LISUHEIIEVNST LISV EE SRS LIS AL /SO (polyQ) S EHEL .
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Polyglutamine (polyQ) diseases, a collection of nine inherited neurodegenerative disorders, are caused by the
aggregation of the disease-causative proteins with a long polyQ tract in neurons. Arginine and epigallocatechin
gallate, a catechin, have been found to inhibit polyQ aggregation and to have therapeutic effects on polyglutamine
diseases, but the molecular mechanism of this effect has not been elucidated. We performed molecular dynamics
simulations to clarify the molecular mechanism by which arginine and epigallocatechin gallate disrupt the polyQ

aggregation and inhibit its formation.
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Development of a Planetary Materials Database Using First-Principles Calculations
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Understanding the thermodynamic properties of volatile components in the Warm Dense Matter
(WDM) regime is essential for modeling the interior structures of icy planets and satellites. In this
study, we developed a hybrid approach combining ab initio molecular dynamics (AIMD) and deep
learning-based interatomic potentials to investigate hydrogen sulfide (H,S) over a wide range of
temperatures (500-10,000 K) and densities (1-5 g/cm?®). The results reveal temperature- and
density-dependent structural transitions and suggest that the constructed dataset can serve as a
theoretical WDM database. Our findings also imply a potential impact of H,S on the gravitational

moments of icy planets.
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In this study, we investigated the function of Teneurin-2 (TEN2), a synaptic organizer essential for inhibitory synapse
formation. We found that TEN2 interacts with microtubule plus-end tracking proteins (EBs) to facilitate microtubule
recruitment to inhibitory postsynapses. Computational analysis using TSUBAME4.0 and subsequent experimental
validation revealed that TEN2 also binds to other microtubule-associated proteins and directly to microtubules
themselves. These findings suggest that TEN2 functions as a molecular hub at inhibitory synapses, coordinating
protein accumulation by acting as an adhesion molecule via its extracellular domain and directly associating with

microtubules via its intracellular domain.
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HIXHE% In the era of infodemics, a speech data processing infrastructure capable of detecting
Al-generated fake speech and protecting personal voiceprints is essential. As speech deepfake
technology advances, however, detecting speech deepfakes is becoming increasingly challenging.
This project focuses on speech deepfake detection and has created a large-scale dataset that covers
both the latest and legacy speech deepfake algorithms, using speech data with more realistic
acoustic conditions. Through this dataset, it was confirmed that the performance of existing speech
deepfake detectors deteriorates. Additionally, we explored a new speech deepfake detection method

based on speech watermarking technology.

Keywords: speech deepfake detection, watermark, deep learning, speech information processing
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KIFHESFEET L (LLM) S22 El A SN —F, WEEHRZ SURICECT Eivd ) B
RO HINTWD. KBFETIE, HERFFIZ<<UNL>> F— 7 & THRE L 72 FEk O A % SR 3 5
in-context knowledge unlearning #1437 %. Llama-2 7B/13B 3 & U Mistral-7B % LoRA % T
BLTAER, TOFU * AGE 7—4%t > N TR 95 Y DEHREE & 80 % DIRFHEE Z MWL L, BEFATF

1% Rig Iz Blal - 7z,

g2Yy LU RIZEBETILVORNESHICEY, BT /MITFEE CIEZ %2 4R

LODOEMEET Morgot! M—7 U ~UIEEZ D ZEAVHBAL, LLMA N5 0 %2 T 5 A=A L%

BH & 28z L7=.

JESCPER (100 words T2 )

Large language models must sometimes reveal confidential facts to authorized users while
withholding them from others. We introduce in-context knowledge unlearning, which fine-tunes
pretrained LLMs so that, at inference time, they output a special forgottoken instead of the answer
whenever a query contains a marked piece of knowledge. Experiments with Llama-2 7B/13B and
Mistral-7B on the TOFU and AGE benchmarks achieve up to 95 % forgetting accuracy while
retaining 80 % of unrelated knowledge, outperforming prompt-based and gradient-ascent
baselines. Logit-lens analyses show that models internally compute the correct answer but mask
it only in the final layer—evidence that they “pretend to forget.”

Keywords: 5 D%

Knowledge unlearning; Large language models; Privacy preservation; In-context learning; LoRA

fine-tuning
HaEHB

I, LLM (3R, %G, fhNSR 7 SlEA
I TARAIR EZoTWES, L LEER#RA
FIHFE BIEIZIS C TR/ IEFRRZ80 B2 5
BEIIREMCTHY, ETNAEEREHFSETD
BEF OBEINIEHE 2 X FOMRAIENR KX 0.
AKT7a Y=y NTIE, HEmRFIZENISHE E Fnik
P EsHAL, mokike T 5 LLM & 8
THZEEHMET S, <<UNL>>h—7 L
ET DR E AW THMIAEZIT), B

SHZ EHISER LoD, Tty A7 g4 i
R4 2 iRz LTz,

RS

RBFEME 1):

7 =) NOXEGEE % <<UNL>>...<</UNL>>T~
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—7 L, IE&1] (forgot)?® A% (answer)? %
HIET 2 MEHEKL A B L T LoRA A 1T
50

Ty b

FEEMAZ T TOFU & FiHtim AGE & HW

T, in-domain / out-of-domain Ca'iffi,

1: R FEOBEX



=5
Llama-2 7B/13B °
LoRA - £fEtsiis -

Mistral-7B % £ M L,
B &R IR T & Lhilg,

FHEHERR: Forget RateCHIRFEHICEAT 2 a4 &
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T ENTZDY) & Retain Rate(IEE =, XI5RGE
TRV R BT R LT 2 ) & 57 &
THZEEEREE L,

K1 FETNIBT DIREFIE L LRFIEORE

2: BYy b L RIRIT DNEEE O L, =y 7 2 VT EZIZH Y T2 LWV O EMICK
LT N 2 5ARRIC LIS (b) BAZ SHRRIC LIchE & ik

et R L OB g2

EREREGE 1)

° Llama-2 13B+LoRA: Forget 100 % /
Retain 80 % (in-domain)
° Mistral 7B+LoRA: Forget 90 % | Retain
75 % (in-domain)

BEAF D Few-Shot Prompt =° Gradient Ascent (&
s, BHWEIE+10~100 A > <, REF
B oE & K < m bk L &2
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# 3 : Construction of Large-scale Chemical Latent Space using Transformer-based Models

FIRREREEE

Yasubumi Sakakibara

il
Keio University
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EZEROBERSICEY. EELOW D FREZEFEDIELEYORRICEBHRGHEFENKROON TS, K
PMRTH. REFEEAVKABLAYEBEEZRHOBELENEL. PFETFTAVMEADOKREEELT
%> Tree-Transformer N—XMDE5F—rITa—4 (FRATTVAE) #BFL 1=, FRATTVAE (&, 255 AUk
Eh—O L BEIERBICLIY D FREDRKHMEFRE I HAET. REFEZHEALIBEABELY 74
FMEREERBIL =, S0(C, D FRMEFHLEL TR ETHIET, BMIZHL -2 FiRETAYEIBEA: Conditional
FRATTVAE (C-FRATTVAE) ZR%ELT=. REFZIL. R THOLKRES FORAY DB EZMED)
FHITHEEL. BIE-MHBEZIIE T30 FRETOMERICHTEET 5,

B HHER (100 words F2EE)

The vastness of chemical space necessitates efficient computational methods for compound exploration.
This study aims to construct a large-scale latent space for chemical compounds using deep learning. We
propose a Fragment Tree-Transformer based Variational Autoencoder (FRATTVAE), which represents
molecules as tree structures with fragment-based tokenization. Utilizing self-attention mechanisms,
FRATTVAE surpasses existing methods in reconstruction accuracy and molecular generation
performance. Additionally, we introduce Conditional FRATTVAE (C-FRATTVAE) for property-guided
molecular design. Our approach enables the efficient construction of latent spaces for large and complex
molecules, accelerating molecular discovery in drug development and materials science.

Keywords: 5DfRE

Chemical space, Tree Transformer, Variational autoencoder (VAE), Molecular generation, Fragment
tokenization

E=LEM ELTHKS Tree-Transformer A—RADEHA—LIT O
LR ZERIEBHTLARTHY ., FHFICRIROH BRI —4& (FRATTVAE) Z1RET %, AFEITKY . #EEKF
BOWTHRAGILEMORRIZIIHDENLZTITO—F  ETEHEVIK D KBRES FOXRAMEEST S
DRARTH D, KD FHEFFATIE. RERY GEEEMEDRNICEE -BRTIHILEBET.
)—=2J %0 QSARETILAERINTEH . Thid

FEHEIRMDEL BREESBREINDEVSFEE HE

BHot=. COMBEERRT S0, RBET LA ABETIE. KEEGILEYMEEZHOBEE A
AL & DB LM (latent space) DIEELFAMNE &9 5182 FRATTVAE ZR%LT=, FRATTVAE [&.
BEhTW, BIFDORFERETIVLIE.SMILES & S FEITTAVIEMOARABEELLTEREL.
HREAW-ESEETILC. R FETI7ELTHRSFiE Transformer DB FEMELFERITHLT. HF
NERTHB, LHL., SMILES R—RDETILIZRE LRDOBFHEENENIZEE T D, IT7TAVMR—ZD
DFRFRAEICEVIEENZLAEDOBVVEEZERL b—DEEBATHILET, KD SMILES RFETIE
PFLLITITTIR—RDFEFKRBES FOHRVHE R#THo-KRABED FOBRMED FEWRSIENT
HTHAHAELVSFEENLHD, ARARTIE. KIRBFEILE  BEELoT=, F D FORMEEEHLLTHIERTEE
MBEZHEETEEL. LYRABAMLES FEREAIEEIC 7 Conditional FRATTVAE (C-FRATTVAE) ZFA%L. B
THIE FEMEL. R FETFTAVNEFMTAEE BIZIEC=-2FEREEB LT-, ZINC250K, MOSES,
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GuacaMol. Polymer, XA T—42tvhZE BAULN-EE{@
EERDFER . FRATTVAE [TRERFRZEBZIL2EHER
BELSLULFERMMREEZRL.

BRBLUER

FRATTVAE D1 REZFIl I 57- . n T FEBEN F=
HLEEmL =,

%% E: FRATTVAE (&, ZINC250K 4> MOSES 2 E M
T—REYMMIBEWNT, BEFFE (UTVAE, MoLeR #:&)
CHBLTHEVVEERBEE (8 079) 8 KU Fréchet
ChemNet Distance (FCD) DR L& ZERLT=, 4512,
EFETIERWNIK D SRR T — 2 yMIBNT
. EDZE LK (validity) ZHFEL DD, BHLEH F%E
ERARETHAHLERERLT,

NFEREL: P TFHEEORELIRITIE.
FRATTVAE A EEFELYLMEMICEERFEZR
EEEHBZIENTEL BIC,. TSTAVIRILTDE
EEENARLGEO. " EOREBEICTRELIBEE
EEEHL. RERED R LERERLT-,

S ftE AR C-FRATTVAE ZALV=2 FH R T
T BHOBHELTRBFICEB LIS FERDATEETH
Y, BIZEOHBRZ2ICE T LG AO AL RSN,
NLDEEEND, FRATTVAE (FKIREL S YiBHEE
MZEEEL. XFETEIERHETH>RRES F©
RAYMONERITIEREAREICT HIEN AL ELR

>f=,

FLH. SHOBRE

APRTIE. REFZBZRHVE-XKRBELEMBE
ZEHDEE ZEMEL. R FEIFT AV —ZDK
EiELELTUES B Transformer NR—XADEHA—FT
vO—% FRATTVAE ZRHLf-. #HZEBE LUV F
RBEIEDFIRVICEWT. BEFEEEASBEERA
EEDFERMEREZERML. E5IC C-FRATTVAE %
ATHIETHFHEDFIEMNAIGETHA LT RL
Tz

SEOFEELT. UTORMIZEITOND,

Rr—3E)T4DRAL: FYKRELGT—2EIbA
DERZEREICL., BEZERO—MREHREZR LS
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FBIH £k

Al HifiDELEVDHFADERFATEAVLONIEBRFE I, BRI EZERLLTEMFE SN Al AfED
NTLWD, ZORRIT—RMIZALGNS, softmax BIZE AW =RET FAE—(CE) A TIEBFEARELY®
FTUOBENFET . CNITHLTAREETIIREZRT. TORMEICL > TEEZ LD LIBLABEBETIREL. K
LTz AFZFGEBRFEDODEMFEEALERIKFICHEN T, EXFEZ LRIGEBRIFESTHEGIRL

HEREYT 5.
XD ERk

In transfer learning, which is widely applied across various Al fields, Al pretrained on image
classification is commonly used. However, one of major settings, cross entropy (CE) loss with the
softmax function, is prone to overfitting. To avoid this issue, we propose and validate a loss function
that stops learning beyond a set threshold. Our approach is particularly effective in generating
pretrained weights for transfer learning, achieving better accuracy after transfer and flatter loss

landscapes compared to conventional methods.
Keywords: Transfer learning

AREEH

BEBFEE. FEET —FEvbTHRONRYND
—VEHEFERL. H-RERIELBNT =4, D13
WEETERRSEDIFETHAD BELWSEHFTER
SNTEL LAL. RRBBMEEEFATTILORE
EANFMEEICHETIBREPLEICRBROERICKE
LTHEY. ENDEBREDIRVICENTHLN DT
BEE LGN oT=. ATAD VML KRG ERE
BT 3 vb e AVWTEBICENGEAZERTH

LISEBL. F-0RRERERE-RFET 5. R,

ERFEFAETIVOEREICEENGHIIELELZE
AT BHIET EEDRWELGY S LM FEZDFHELE
B9,

BE

AT7OP Y TIE, Multi-class smoothed hinge &
KEAYHZREL. HICEBZBICETHETILOALL
HReLONAMED R LZBHEL =, itkD CE k&
softmax BIMDEAEHLETEBEINI=RYLT—Y

81

T, BEEICGYDPTERESN-, ATOD I
DEXRE#IL. hinge 1 E8K% multi-class D57 $EIZHk
BRL.NAN—INFGA—ETEOHON-EEDLETH
BN\ A—FREEHIL THEXTEZERT S,
EBZFEICEVT. REFEAIFMNEEZRAEHD
BrmtEstE. BELGHAFRIANDHERHEESHEHLE
EIHLz. ZATOP Y FTIEL. ResNet-50 £ & U
ViT-B Z#RUL\T ImageNet-1K THRIFEHEEITLN. 6
DODT—HEyrTEHBFE DML AL,
BRELUER

A7OP Y TlE, Multi-class smoothed hinge 18
KEYMEEAL. FICEBFEEICHITHMRERLIZH
595 LaRL REFEZRAVTEMEELEE
#I1&. label smoothing 4> weight decay @B L71-15
BELELT, £ Top-1 BEINEL LUEBNT-EFHE
FEMRERLZ, EAMICEK REFEDOEMFEE
BHEHIETFEY Top-1 FBE 0.746 ZZERL. INILR
L—=D2T D 0.736 I/ T 474D 0.719 %2 £[H



BFER 1=, E5IZ, PyTorchV2 O#EAEA%H
W=HE IREFEDHEER 0.769 ([CAEL., AR
NTWAFRZEEBFAEALYLEVEGERZERESL
ECERLT=.

BATEOENTE. RRMBZAVTEORKE
FHEL-#ER. REFRICLIBMNFERERAEAIL.
FYTELGHRERBL. ETILOREMENLHERE
MLEICHFEL TSI ENFEREINT, SAM [F&LYF
BTEERZRLEZDOO., SHEIXM 2 EHNEDIC
MU REFZEEIRFLULDEGBZEMREZERL.
FUBEHLGZENARETHI LA RENT=,
FEH, SEROEFEE

ATODzOrO BRI, BRBEHEEET 51211 T
BFEEOREZMLETELIILETTRICHLIRE
FiElE XD CEBKICEI(EELLERL T, BF
BEHEIL, JFYRIEHREOSVWENZEEZEAEHAET
ERTDHIENTES, Tz B TFEROBTIZKY.
REFEICLIBMFELLEAT. ETILOREN
LEBRFEROBEICNZRLESELIELLGIELATEEZ
BT AL ERINT-, DRI L, REF
FEREBZEICBVTHRMESENZEEFAEAET
AL, EERFELLEBLTE VM EREEZHKIET HL
MBS M ERESTZ,
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3 :Numerical study of quantum turbulence in superfluid helium

FAREEEE FH BE
Satoshi Yui

KRAIZKRFERFFEZHER
Graduate School of Science, Osaka Metropolitan University
https://www.omu.ac.jp/sci/

ARFEETHE, 2 RAETIVLOEILBEFHEICIYEBREINI D LIZE T HEFEROMEEHAERL TE-
EFERICE 2 DOWELNHY, 1 DIFEHRELFR, £ 1 DI& Vinen EliREKIENS. R HERITHE
MEEICHREREDT7 A —%245, TOERRICIEBLROBANGN\URILBENEELZLELLATL
5. BRITEBRARD DBRETILEETIAD Navier—Stokes AIEX DEILHEFTHEEZETL, Bk/ UK
IWRBERAT. BRELT, ELRERAEDBNORZITHEEICKY, BAAMWGERARNFIILNEEBELELSIE
Abhof-. JFoN-EFILROMAMEEEMETL, EHRILREDAFISERAT-.

In this project, the physics of quantum turbulence in superfluid helium has been studied by
numerical simulations of the coupled two-fluid model. There are two forms of quantum turbulence:
quasi-classical turbulence and Vinen turbulence. Quasi-classical turbulence has statistical properties
analogous to those of classical turbulence. It is believed that the local bundle structure of vortex
filaments is important for the realization of quasi-classical turbulence. To investigate the vortex
bundle formation, we have performed a coupled numerical simulation of the superfluid of the vortex
filament model and the Navier—Stokes equations for the normal fluid. It is found that the local vortex
bundles can appear due to the vortices in the turbulent normal fluid. The statistical properties of the
quantum turbulence are analyzed and the correspondence with quasi-classical turbulence is

investigated.

Keywords: 8B FRIANZE, BRE, EFH EFIER 2REETIV, BRETIL, EELERE

ERLBW

EFIREIBRBOERDOLTHY, EFRIAK
NZIZBT5EEMEOVLEOTHS(1]. BiRENT,
BIKR(ZFH VT Bose—Einstein BHEi E 12K YR IAD
FEIHRTIERTHD. BEMICTE, BREAYD
L4ANKKET 2.17 K CERBEGEBLZECT. BR
BICEIRROEFILEVSIEI--HFH-NHY, £D
LOTBIEEFREFEIND. FIZE, BREAN)IL
4 NEFBIFER 0.1 nm BEDBEEEL, Z0RE
SREYDRERIR IS EEOHNFSINS. ZD
SOLBEFRNEEITRAESTZAVTIVERRT S
C&T, EFERKEAEREINS. EFEROHAR
(TR LU ERTNITREANY DL 4 [2BEVTIREY, L
FTEIHRRLGEFREMBRICETLEN>TNS.

Tisza & Landau @D 2 JRAETIVICK DL, BiREIN
) LITEBRARD EERARDDEERAKELTE
fEsnd. CCT, BRARD XEFEBRDICHE
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LTHY, #EEL=10. —F, BREES E286
ERDITEYBHINIHERATHS. CE5TR
AKEIZIE, EFRENLTHEEZ O @ 201
O, EFERREICEVTIEZRAENENICEZES
B2UGNSEBEITHS. TOLIBZRAEET (T
SHORIEFIREZEMI LI LTEETHLH LN, 7
FRIEERICKYBHALHNIZREYDDH 5. BFEDARIE
EROFEEICLY, ZRADZENETNOEBZIHILIC
BATESLSITo12[2]. FNODEERTIE, ZFfAK
BETATIVARAORZLBRASN-BIZE, &
RABROFERILLZERBD. ZOLSBHREE, EF
ARDOBARETINOHEHET BT TIEH2ICIE
B cELHo1z[4].

2 RAREILLAFTIVREIEFRAENZICBVLTCE
ETHLHIN, TOERBIIEL+HTIEEL. 2 RAE
UFAFTIVADOHEFECRRET ILE Navier—
Stokes ATEX DEIL) D FEBRMIFAZREL T, 2000 FI



Kivotides M REDE 1 FIVADHEEITHEHT=
[6]. 354, LNODDTIL—TM 2 RIKEILT(F3Y
ADHAELEHELTEY, ERA(ZLEALBREETF
ARDEITAFIVX[6,7], HLLEEETILDOR

=(8], BT 1 FIUVRADHIEETHEREBRLED LLE(9],

ENARINT. F-, WETHE 2 RABDOHREER
DETILITDOVNTOLEHAELTH=[10].
FETHICEBISA TRV EBEEL TR ANER
LD, 2 AL RBFICELRKEDLEZDOMETH
%. EFELRICITTOMEMIEEITEB L TET AT
Fi(quasi-classical turbulence)d & Vinen ELijk&
LD 2 DORENHD[11]. EHAERITHAERE
D7+ —%3L, TOERBICFEFERPDR/AR
NEFMICEEEZFAZ=NURLEEERRT ST
ENBELEEZEZONTLS. TOXIG/N\UFILEE
(X, 2 FRARBIEFIREICEBLDTIEERERS DB
DEEICKYBEEINFLOT, EHHETOERZIC
(X2 RAADEILFT A FIVRERRT HENEETH
(=1L, INIXAREBEEDIZED/NUFILEEDY
FIATHS. ). LHOLEAS, 2 FRADRBELFIRE

OEIIHEFEL, SFEIARCDEREZORENHS.

REBEOEXHRLWNE, EFEREERAEIFTOE
THIEFTEICKY, 2 RIARKILRKEOYMELER
THILETHD. 2 RIRELHETETIE, BRERS
DBHFRETIVEERIKES D Navier—Stokes HFEI
EENT D BRARSCH AEEMLTEFRIREEIS
5L TOERARIATHISOHEEEREZITTER
REALEFIRICHES. ZOLIICLTHON- 2]
AEBEROMELZRRD. 2 RARBELROFTHEIC
BT2RHETHo-HEIRMEKIZIE, BELEIT
EN12,18]FRADFEISEAL, &5/ TSUBAME
DHEREEERTHILTRYBZD.

COREEIFEEEILOMGETHD. FEEIL 2
RARRILROMANEERRES LIV REORIES
HICHYILT-. SEEE, BNOGFEZTEL, 27A&
FRFELRIKE DM EZRFMIFHA . £, BIOH
RTHHH, LRIHSBEL T ERAEAERICLD
EFERDORICETIAEDEMETEEITLY, %
DRERERIXELTHRERL:[14].
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BRBIEIIIEHHEOTNADILTHY, EFHER
DYBRZICEFTEEELHRARNRTHS. BRIDEL
RIFEFEFELKIEN, WETEBAICHAEINT
W5, EFEROREDRBREBELTTI-T2 EH
BERHID, TDLIGKREDIIaL—3vICFE
KIRBELGHEFENDELEEZALNTIND. ARE
ZERETIL, TSUBAME OtEEZFRLTZED &34 K
BEKEFELZTY, EFILROEELYIEDAEH
THILEBEET S COREIEEELNLOMGTT
Hb. EEL 2 RARBELROBIBHEZTICL
[CEYIL, ERAIFTOMERLEEZLNTLSREA
NORILDORRGEEERE L. SEEIX, S5IZHE
SHEETL, RMMICEBINETE Tz Ffz, UREIHD
BHEL OV EERERERICKIEFEFORILIZE
TEHMEDEBMAEEZTL, TORBERIELTH
FL1=[14].

BRELUBR

2RARDEILBEHETIE, BRAKDZBRET
LT, BiRK5H% Navier—Stokes D AER THK
5[10]. BRETILTIE, EFRBERENDEFAZED
DA TELEND[4]. BARORAYICHEESNLER
B EEHv,IE Biot—Savart DRI THEINS. &
RBETIE, BRARDSEDHEEREZEEINDD
EAHY, BARADFEEDs/dtFRDRKIZHES:

ds
E:vs(s)+as’x(vn—vs)—

CCT, RIIMDE 2 IHEE 3 BIFHAEEEEZRLTS
Y, a,a [FREIIKRET H/3TA—43, v, [TERENE
Ei5THS. —A, BERAEESIE Navier—Stokes
DHERHKIZHES. COMETIE, BERAEZERIZTS
F=IZ3#R[15]D 2 XIT Taylor—Green D4 H%
ENMNg 5. 2O AITEY, 4 DOKRELBRENEREIS
N, BRES FELFRKREIZGRS.
SEFELRRIEEMRRE Co-flow D 2 EEE
THA. £, EFERMNHIHE S IKEIZRZELS
%, S AORIEZEAFOICLT, EFELROBELE
Lz BEFHED/IFA—LEIUTOEYTHS.
BEKREDNASA—A2(F 1.9 K ITHETHHMEEFFE-

a's' X (v, —vy).



t=. HEEEEEOETEE, (1.0 mm)? THD. B
7 FEEE(X 0.00005 s THY, dBARDEM S ARREE
0.006-0.018 mm T#Hd. BiRAK 7 & 643 DIEF R
THEEBIEL, BADOHEIE RS EEE(11,12](2&Y
ERIEE T, MEKREE, BRALBR, &R
KIE 8 EDBMEEELI-IKETHD.

MEEEOERFIAIZENT, HALE 2 REDEILHK
BHECIYVEFIAREERAILROBEET (T
REBHRTLHILICHULE. LHL, EFEEIXREFRH
DT—RE/ONTELT, RHEMICEFEROMEE
ERARDZILFITETWEL . SEEITEMDE
HEETL, FHRERFECH DIRBIKFLEEHE
HrLr=.

F9, Coflow hOEFEFROFHEERICOLTH
~R%. Coflow &I, 2 RIADEDFEHHEHRENE
ADKRTHD. BEAETHEREREZTIE, ER
KIEN HEZIFTTERIZGY, ELRERAIN I EE
BEZITTRANIVT VERBLTEFIERAERK
RLTUKZED o o= BARBEEZBITT S&,
MERENSEIMLTLE, HEHMEEREEIZEIEL

T—EEDFELYZERELS LS ot=. CDKIIZLT,

BERAEREEFAROAFLLMEHESREN
"ont-.
Z5LTIR/oNT: 2 RIARFEFRETHLSA, Th

A LROEHHAETOMEEETI NESINEEMLL.

EHHIAROEZLRHFED, BRONVRILEBETH
ofz. BRDOEEZARIELIER, BHNAURILE
ERELTWAIENhh oz B 1 (&, Coflow D=
FEAREERARERDORF YT avbTHD. FRH
Bk, AVEALNERAOBECRENRTUVILOE
ZAZEENHFEMERLTWS. B 1 [TREhDEES
(2, BRIFNVRIVEEERBLTREY, COBEIFE
HHRERICHAFEINIFETHS. EoIT, N\UFILE
EEEENICEMTS-0I1C, HAIEFBLLBE
(smoothed vorticity)ZfE#TL71=[16]. FiBLBEIL,
BARDNBIRMZEA>TVSIER TIIRELEEZL DI
T THD. RADBRERBTLTHDE, HEMNZAUR
WERBLTWAHREBIZEVWTEBLBENLELT
BY, FBIERBENNURIILEROEEFMIZFERZS
e ot T, EHHAELROIRILF— AN
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1:Co-flow EFELRICHITHBRAR S D%k
FREERA S DRE(FEOEER).

SRILIZaNETOTO-5/3FBHSZENHFSN
Bh, SEFONTI-EFELREBTLIZETA, FEUVE
ETHANLEITOTRIGANRENESNTZ.
RIZ, HRFBHARR(TEHE 2 RAOEIZTFEY
HExhREHDHKR) D ELTE-T-. Fnsh st
MRICEST 2 RIADHEEINBEESN TRKR/NAVRIL
MR EINT, EFERNETRERMNS Vinen L
RITIEBIELNHIFIND. HEHEDOHR, BHIC
B MBICEBVTILBRDNAVRLBRSNGENIE
Nh-of=. Co-flow TIXELHELF, BRRFRICH
WTIL Vinen EROMEERT EMNOMSTAY, T
Bt EFRE, D EFRICONTEDKSIZEFEFRED
BENELLTLKOMD B THS. £2T, AL
Vi [SBLWTHEH M EEREBICE T HEFERDBA
REELEZBEHALI.. TORE 1, Z2E005LRSE
TUKELA—ERDL, TDERLAEMIZEZCHIER
Rz, RYMDOLOFBAIFENAEGRICLD 2 FAD
HEEBREFIC&I>TERBRNAVFILOESNAL:
&, ZDEDLOEMIFENMERS MRS EFELITRIC
FEASNDAIRILE—HEML Tz THDZEE
Abb.
REBICETHELRE Vinen ELRDEEENELT,
BEOANZANERRT-. HEHEREIKREBICTEL-E
[CIRILF—FACEH R ARERE LN HiRIB)EE
AIZT 5L, HEERBIUEREMIED-OICHEL
REEFBELLISHOLTIK COREICHTS
NEFRNELT, EHHMELGRIEL3/2, Vinen ELFKI&t &
EERMICHMON TS, 2T, HAOHEHETE
ONF-EFIRERUMBESESHILT, EELDRFHIC



I ERR-. LD K1, Co-flow FTEEEIETH
EFERE, BROBNURILIEEERRT HIERN
Ho-(B1). BEOBIEFEDHER, Co-flow TERE)
LEEFELRISETRERICHAFEINS 321U
MO THELTIKIERMN RO, LIz >T, §H
BoNE=RBAMNVRILVBEZLOEFELRE, £S
HMERICHEINDEEASZAD. BFHIEMELT, C
DHEBEDOARZRNC 2 RIFEILT A FTIVADNEENE
SHEVNSENAHS. F<IL, Coflow MHDFEETEL
EXRICEWNT, BRAEESZ R OHICERC
YOICEEY S 1 AREEDRAFTELRKICERL
f=. COHE, BEODREHFETHRELTDOLDOMN D
(544, Vinen ELFRICEARFEN D TELRSHIEN
bhotf=. COZEFE, AREEQEHTHRETORE
BlIZIE 2 RADERDEICHELTLKIENEET
HHEETHRLTNS.

1z, HOMETHIH, ERAERICKIEFEL
ROBIEICOVTOREDLITHEL>TER:. COBEE
LRI D#IETHASM, SEEIC TSUBAME %7
AL TEMEGEZETL, TOMERRERX[14]1&0
THERLZ AERETLBRERZKRTHY, BRETILEE
ik Navier—Stokes AKX DEILITHS. EFELR
DOHREIZENTI, BRRFEELDRXMFFEEY,,
(TR DEERBYDEELGHAELLTERARLNS:
L =V, COGERBITEEITIKRFT D, SoI0E
FIARSDBRMELRNBIRET HEEZLA T
3. $lahs, BERAERSDVERICEBINIL €D

ERPoENLZITEIZEICLYBRAREENLRL,

BERBYN ERTBIZH5LELSTFIATHS. 22
T, B4 2 RRELIRESEICLY, BRAEHLELR
KRBTGS EEDISER By D SDENEHELL-.
HEAEOHRRE, BHCERARILROREPLELL
LIYWERL, EREEEPSENEERELIALEFIC
YHEBREISESGSIENBAL M o1z, FHMIEX
w14l BNl

T, SRORE

HAL, 2 RIFETILOEIKEHEICEYEFE
MEBRAKEROBEF A TIVREHEL-. TDE
TR, EFHHETOBHELMATH . BIEE

86

(B 200 LR |EE

HEORRIE Co-flow LEXRFKTHS. Co-flow Di5F
&, BERAEROBEICHIELT, EFIERFTORBL
PRIV ERET AN b otz Ffz, TRILY
— ARGRIVERILT, EHHEAROUELES

TWAIEZ Rz — 7, BFRDES, BARD/N
VRIVEBIFEESNAERIZHY, EHHREIRE(E
EAGWVEEZRLE:. FYXARERLZEONGHRA
[CHEMSE TS 2LEDRARBEDELLAERL
f=. &I, EFERDBRICOVTHLHEL, EHH
ERMDARZFA P2 C—HTEINEIMLERFERL. §
ZIE, ChoDT—REFLHTHRIXELTLERT S.

Fiz, AOMETHIHD, BREAEFKICEDEFER
DRIEICET AMERLTHL, XLl THREL:[14].
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H X : Simulation of Physical Processes using time-space parallelization

EWH B

Yasunari Zempo

EBRXKE HFHEFES
Computer and Information Sciences
http://cis.khosei.ac.jp

WL 2l — T al IR HBLE eV EHR I AN )%, REEEHR OBIEL T OLED OfEHT THWHILS FEREH
TDDFT {KIZLY, JFEART VA RD D FIEIZ DN T, 163K D Fourier 244 (FT) % V5 5 E0 G I #E 7D
FEBIZEVFTE R EA TWDRFT ORI T — X DOEROFNT-15TH 5B AT — R 43 fi# (Dynamic Mode
Decomposition) & V7o AT MUFEAT FIEIZ DWW THRFTL 72, FT OFRFRRNK T 288 O fili ==
T B Th > ThAIRIKE WIS CAST ML BSROBILHZ LN 32T,

Physical simulations are large-scale and computationally expensive. As an example of large-scale computation,
the optical spectrum is obtained by the real-time TDDFT method used in the analysis of OLEDs, using dynamic
mode decomposition, which is the latest method for handling time series data that has been studied by the
development of information science, instead of the conventional Fourier transform (FT) method. It was found
that the method is not limited by the resolution that depends on the total time like FT, and spectra can be

obtained efficiently and accurately even in a short time-series data.

Keywords: Real-time TDDFT, OLED, FT, Dynamic mode decomposition

ERLEW

KPR 2L — S a s 2L —Tal
IR x RBEH OB DD, bHAAIEF L DF
BT )DL E LR DD T, RERFHREIANRD
D%, RNTREIR DT — W RELIRDHD T, T —H4T 7
BARFERE L0 WHHE DT — 2@ iE 135 A
KRV D35, ZOREREBEICKL T, Fox
VXREZEREINE 517 LTV R DAL CE 2, FIHRRE D
—FD HMIL, B GPU 2B 2—2 DO H L
22 JFFTALT VTV X LDOBR DL ThHD, Fiic,
2 55 i o W5y [ 44 A7 % 52 UL BE #5015 (Time-Dependent
Density Functional Theory: TDDFT)(Z3E FH L7, Zi %
RN T 24T - TV,

F2iE[H TDDFT 1355 T DG H AT MV A RO DN
TR FETH A1), BTN & 2 T FERER -
FZe[E]CREMFEED Kohn-Sham SFERA M F5ik%E
T ITHWTE[2,3], ZOFETIEE —JREEFE N
ORFRINT —F %R | ENDOIFART I EED
V) TODKREIRE OIS TND, 2D D
MEHSTARDNRBELND, B OF— R
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BUTEGT O RBUFH RE A B 952 4T RiRZRFiE
DEEN AL RSN TWD, Fox IS L TFIE
EEMET DL TR DOMRED Y EE Rz, — 7. #%
FHOWERINT —HPOART MV ERD DGy O F
V) IF[R] 22 ] 2 6 JE IR B ZE TS DU T O ZBHER 43 12
DWTIEHINZZDEE Fourier ZHL(FT)Z W
HEVHFERHNLINTWD, IFHEF DI RITE
DIFHIL TV DR BT DI RE T — Z B O EL v A3 4
SAENPLIINTOZRNEWSORBR THD, £ZT
Fex L, MO BBV THREL TEIEHTOR R
HN 7 =2 DO IO FEE2 FVHZ LT, TDDFT
DESIRLHNFAL AR LT,

FIRE DR R YT —ZNHART ML R
RODTDITIR A TR B S fR (SVD) 2 475 F
EERREL TS, 827 VAT (Singular
Spectrum Analysis: SSA)Z e FETIIRER YT
— 2D EERREN Ay A4y BEL . MR IR BN S L
TR+ 22BN TE5 4], BT —F oM
(Dynamic Mode Decomposition: DMD) C | & A [H.
o3 R D 2L TRESR AN T — 2715 [ A D4R E)



E—REZRDOIND[5], ZDOTFIEE, FrIHRARMAT
THOLNTELFIETHD, T2 AT —RORERH
FERRIZED, FT X° SSA LV ik BE DAY MVFRIT 3
ARETH D, A XD DMD (23 H L., FEHFH
TDDFT 2045045k R8T —2IZBIL T, D
31 CRERD FIEE R LT fE A Wit 35,

M=

Fex DSHWAHEREE TDDFT Tl 4D Ehkk
ez G T D7D I ZREE K 77D Kohn-Sham HF2
(KS)&Ff#<,

a
lad)}(r, t) = Hll’](r; t)

(1

1o ps
H= _EV + Vg (1) + Vy (1, t)

+ VXC [p (I', t)] + Vext (I', t)

ZZT Y E BOE T OREBE, ~IULR=T
VP IZAF L DR T v Vgl n—R) —R T
IRV Vi IR T 2 v L Th D, UL
h=7"> HIZ KS NIVh=TY Hyg\ZHEE) V0 30
ol linoTCnD, ZZTIEAIDITEE O DFT 15
ICEDEFIRAEZ R D | IR T 22XV Vo %

RITMNADZETROBILIEE & FiF ] TIBH 2,

BE) V,OFEFICHEHEQELT t=0
T EHBINT Vo (t) = —E()E DI TIZBND, =
DIEELL TR FE— AN pe (D) DECD, 5315
H ag(w) 1T Ver (£) = —kES(ITHT T DRIV IS %
B RS ETLLDTHD, TDT2D ag(w)iE pe (t)
D FT bROBS,

1 .
ag = Ef dt e ug(t) (2)
ZITC, kITEHET EFMOANHEE AR L TD,
BRI = (ay +a, +a,)/3 ELTEITMA~
DIFHELTRD D, TR THE L, S(w) =
Zim a(@)LRHEND,

—J5 . B — A FOIRFHFE R e (6) 1ZRF[H]
AT w7 AT NELU TR T = NAtE T
EANZRD D, AT ML S(0) DIFEEEIL 0(1/T)
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ThbH, TDIDT —ZBR R+ 53 ThLHGEIL
XYMV OIRGEE I RL /2D, £z FT OZORHIC
B3 2R G | JEREIZBIL TR 23 CETLED
EVIORRED DD, AUV AT VY — I3
BREEIZ DOV TH AL TLEIZ &2 D,

ZOWETIZZORIBRIZH LT D780, BiRFIT
— % g (O)IZxFL C DMD #43ili Fi L 7=, DMD (T (A fif
FriTBBIT VB, G LRI R 2B b 215572
DOFETHD, LK) TDDFT DRERYIT —ZD
BaE 1 240D DMD Lied, WIDIZRRET —4
F=(fi,fo - fa)HHCHBEZE A T X nD
NIV =N —1T781 X ZET %,

fl fz fn
X= fz f3 fn+1 = (xl.xz, ...,xn),
ff fT+1 fN
XO = (xl, xz, ...,xn_l)
b e ©)

ZZTC.t=N/2,n=N—-1+1Thd, FF¥=IN)
—AT8% Xo(Xg, X1, o) Xppq) BB LN ALT2 1T HE [ 3
JRASETZ X, (X1, X, o, X)) D 2 DITHYEIL, ATHI
Ffo T WA i RERAE D77 7200 2808 1 3 K AE
T=N/2ZAV5, (X1 5R)

X 1. b ZHOR) 1T X #ERIZEED A AR
HERDESITRKRB)IZHWN XX D 2 DHIF. 2D
BORIFEIRAZEICKY, EXRIREZHET S,

ZD 2 SOFTF DAl X, = AX ZA T ATHR T, =
PRI L 72> T D EE DR BE R L
2o TWnND,
151 AlZ XD BRI TS XTEHWT, A=
X'XteFT, AITITR COREE—RICBET D15 #
NEENTNDDT, AP = PALLTHEHAE—RZ A
DT LR, R EE R OXT 720, Xi%



SVD THfiRUNKT 7l X = U, L VT & HiL, 2D
FEEAATHN U, ZRWT, ADT 7% FIFHERIFFC
AtT2THEATEATH X % W T A=UAU, =
U X'VEIEEL, 2D AITHNWT AW = WALL T,
RBLEAE—RERLDIT5,

29958, AR IREE—F (DMD £—R) X
@ =X'VEIWTRYE, ZOE—ROBEKIL O =
log A4 /At 720 Z ORI b = &Tx, L7025, H#E
FBLOBEHCR R TR BT R E D BIRNE
HEER CHEERCR T A XA 5175 U, ZH
WHZLINHRETH D, BEHCRINOROIZEAE 2T
RKINTND, DEVBEE 2T — & (kKAL) D> DHiELfE
7RRE () TOfE f(t) = PePbaRODHILENTES,
ZZ7% DMD ORERFFHETHD, kD FT Z {0
LA LHEL T, DMD 755N 5F—RDE
BIIT — LT REED B W EVOIR TR S
Do

S(w)
1.2

0.8

0.6

0.4

Scaled Spectrum

0.2

5 7 13 15

9 11
Energy [eV]

2. 5000 RTYTDT—EAML{ELNFARIL
L FT TRO-IRE) FrRE(ELR)E DMD TR
B E—FORBFAREGFODLLE, GHT vk
(BEH)IE FT DO fREEE T

HERLUER

DMD /»53RDT-IRENFREEA FT 22H3ROIZHD
LEEELT-, [ 2 1Z=F L2 0> TDDFT &0 5155
AT PR~ — A M U CRIEZ 1 H L7 R
Thbd, 728, R AT v 7 At = 0.002[1/eV]EL T
5000 A7 E TR L, FT LH#LT DMD T
(I REED B EZ TP — LB ARD N T
W5, 5000 A7 7 DT —E5 FT THOLIDHAN
IV DSERE Aw = 2m/10 [eV]THY, T —H D
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HIRZ T 5, 2O 3 fFe %z DT LF —
TIIAXT VDI B DI LD DD D,
—77.DMD TIXZOHIKINRND T, FLT —#
HTHREWEEDAI MV ERDLZEINTED, D
725> DMD % AV 5Z L C TDDFT O #HH IR R D %h =R

3.C2H4 MARYTRIL, 5000 RTFvTDT—EH
HE5MT=- DMD [2&BARIMIL(FR)E, 20000 R
TITDE FT K2 THLN=ARIRL (F),

b3 TE D,

3 TlE, 20 5000 A7y 7 DT —HNHEFHIL
TR AT — & u() % VT 0—30eV DOFEkIC D
VT DMD THEMT LT AT ML ZR TRl ., %72
20000 A7 7 DRERINT —4 u(t)a AW T FT %
1T R AT TRULT, EFITDRORE RS T —
2T, DMD TIEAI ML E RS E CTRO LT
HTEDRDDD,

FTLEH, SHROEE

EIF# D TDDFT MHAELNDRERYT —2u(t)iZ
DUNTHE R 22 D JE I B ZE I DUV TO B HT
DMD ZMH\\ D&, FT 1T 020D 707 — 2 & TR
HIPNNEE LAY MV ERDDZENTED, £/ FT
TR THLIRINE T (SRR U7 Ol 7572<
AT PNV ERDDZEN R TH D, ZAUTHER 72
T — & (kAt) 7> B 8 {55 72 W3 [ () TO R f(t) =
Pe b RODHIELNTEDZLIZLD, 2D DMD
DREBRFFHETHD, WERD FT &2 HWDE5H L ik
LC, DMD bbb E— RO AT T — 25K
LT RRENEOEVOY RIS D,



Lt ZZTHELNZ SVD WA FRIEAES
B HIRAP R AT MLEF R EA~ME BT TV T
EThD,

SE X
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TSUBAME £RFIA 6 F£E EMAA BRRHFEE

TSUBAME 4.0 (2315 LAMMPS Ot gEaF
Performance analysis of LAMMPS in TSUBAME 4.0

AKH =7
Yukihiro Ota

=SEFEREERTREE ARt 52— FIAXER
Department of HPC support, Kobe center, Research Organization for Information Science and
Technology
https://www.hpci-office.jp/ristkobe/

TSUBAME 4.0 I28WTRESFHAHESIaL—230a0—KTHS LAMMPS @ GPU FIRICEET 3
HREEEEZE1TS. LAMMPS DOBRHEENARL TSR EBHURNFI—IT—2E M RIC, SHLHE
HeREZ#TER T 582 T NVDIA GPU HITORETH D GPU /\ysr—I L KOKKOS 1\ r—C DB ET 5,
R, SEDRABEDEHFE T, HR ABADXEEEREDE mMD KOKKOS /\vr—U ORI ANERLEN
STEMH Moz, EBIT, LAMMPS 285115 GPU REZ 29 578 . Kokkos ZF|AL- Bz GPU [
(TH—FRILO—FDERIZERYEED,

We examine the performance of a molecular-dynamics simulator, LAMMPS, with use of GPUs in
TSUBAME 4.0. LAMMPS has two different kinds of implementations for NVIDIA GPU, GPU and
KOKKOS packages. We explore the characteristics of these two implementations, focusing on
various kinds of the benchmark data sets prepared by the developers in LAMMPS. Within our
surveys, we find that use of KOKKOS package is preferable since this package supports various
kinds of force fields and the performance is better than that in GPU package in many cases.
Furthermore, we write simple kernel programs for GPUs with Kokkos library, leading to a better

understanding of GPU implementation in LAMMPS.

Keywords: %F8 %%, LAMMPS, Kokkos, H8EEE M, R—3E T+

ERLEH

LAMMPS [1, 2] & - # 2 EFTELFIASAT
WHRASFEAHE MD) ¥ 2al—23>a—KT
%%, NVDIA GPU mITMDEELL T, CUDA THRE
Sht= GPU Rvbr—Y 8KV Kokkos [3]Z@ELT
CUDA %/3y9TURELTHIAT B KOKKOS /3y
—CD2FBEMNFATES, CoD 2D/ \yr—2
R RIZEEINTNSO. Xt T HETERBEC
BEREDERICOVWTHAET H2LIE. GPU 248H
9 5HETEET LAMMPS 23 A9 5 L THERGIFERS
Ezionbd,

AF|FIERETIZ. NVIDA H100 £ # L= HPC [
FTRKEHEMTHS TSUBAME 4.0 IZHLT,
LAMMPS @ GPU FAIZEBUEaeiHEE 1T,
LAMMPS FZEN AL TOWSERNLGEALFI—
HT7—% [4lEHR I, GPU /Svsr—2& KOKKOS
Nr—SHEBLE-, TORE. SEOREDEHEHE
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TlE. FHEHEE (B ~ORIGIKR. TLTHEED
HEMH, KOKKOS N\vr—C ORI ANMBRENSS
EERHLE, £f-. KOKKOS /v r—C D E%ER
R51=8. YILF GPURRAIZKBRTr—3ZET14%5R
L1, &I, LAMMPS (28113 GPU £&%Ef#7
T 571=8. Kokkos R -BfiHZA—)ILa—FDE
B%E4T21=, 25LT. TSUBAME 4.0 T LAMMPS %
EILEITT SO DERLEN R EERENLR I
BLLGABMMMREFOIENTE

M=

TSUBAME 4.0 T LAMMPS D42 EE1TS.
N—2av[E 2Aug2023.3 &9 %, GPU FIATIE.
GPU /Ay —T & KOKKOS /83wy —T% LT 5,
F1=. LAMMPS (2115 GPU REZEET 5=,
Kokkos Z#|AL- Bz GPU mI+A—FRI)LO—FD
ERIZERYERD,
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& 1: LAMMPS D4 aesHEi THEAT /07—

R = | #
£
pure pure-MPI it 5l [@ 1+ DIZEEM A/ Nvr—2 (TIFILR),
opt OPT CPU BT DFa—=2T M \vr—2,
omp OPENMP | CPU @I+ OpenMP RLwRiFkR/ Sy —
gpu GPU CUDA. HIP. OpenCL TER#EIhi- GPU At/ Svsr—2,
kkg KOKKOS | KOKKOS TE#ESht=/\vsr—, /NI VRT CUDA £/,
kkghn | KOKKOS | kkg [Z-pk kokkos neigh half newton on Z:80 [6], £FRF MD 5+ & (#5): rhodo)|ZE8
FTEIRVFI—VDEITTRE,

TSUBAME 4.0 Tl& GPU /Ay —U R IED
LAMMPS A7YA 2V RA—LEhTW%, LAL
KOKKOS Ny —CIEB\EMTIEAZL, #2T. GPU
HEY KOKKOS N\wr—I% &L &512 LAMMPS
EY—AMHIVILILT B,

LAMMPS O gEFFETIld MD S E DR FIZT
—ADHRRET B AWVST—2(E. ANV FT—
T—4 [4]®°V—RT7AIVICRBESh TS YT
T—2ET D, BEERARUFIY—4ELT chain, chute,
eam, 1j, thodo @ 5 &8, NIFRTUIvIL-ROFT
—9 H5 12 BE. YUTLT I EMEERT
Vi LD—ETHD SNAP hif [Bl&5HET 5. F
1=. LAMMPS O replicate #gEZ AN ETT—4
YA XDIEEREITL., EEH CPU a7 < I/LF GPU #F
RO MREZAET S, sHRITEHED/\vr—TI12D
WTHTS (RyTyr—CoFEMICODVTIED
Package command 5 8), & 1 (T4 EEETHE<E A
Lf\wr—o R ABIELTRY,

HEESHT(E LAMMPS O#Z#H O (CRRSh
BEFREETAIERICE O T MD SED AV
IL—TDZ @R, (Time steps)/sec. (B THD
MD RT7v7#). ZL CEHRAIRMICREC-BRERNERIC
EFEHT S, BEIRARICEVTIE. MD QO#ENES
TR THAHNEDHE. LU GPU FIATET S
RRLRYIZERRD, FHRIRDOIT AU T4UT K,
OpenMPI OF#FL 3> T--bind-to core ZFIEEL Tl
#1395, f=1=L. MPI+OpenMP D /\AT)wkiEFHT
[X.CPU a7 DAA LTI HEIET 518,
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--bind-to none [Z5%E L. OMP_PLACES & numactl
aAvURIZa7 ID ZBICHREY 5. BARMIZIE, ALY
FO (DFEYMPIDS2Y 0) AEIYETSEN-a7 ID
DIAFEIZALYRDBERT D EIRET D,

Kokkos ZF|FALT= GPU [ (+A—RIILa—FDERL
Tl&. Kokkos 4.3.01 #f# A9 %5, LAMMPS O
KOKKOS /N\y7—Y THREMICERIN TS/
— V% ZBEITEZE. Kokkos ALz GPU O—TFT 1>
TOEKRBLGEMOEBEREEEL., TH4TIIE.
STREAM. MPI 5&{E1=#1+% PingPong DiE{E/ <4
—UREDH—RIVEERT Do

HEBLUER

A|EETIE. LAMMPS OMRETEDHERET
2579, Kokkos ZFIALI=h—FJILa—F{ERKIZDULY
TlE. LAMMPS O ReFFl D % TERIZTRT .

LAMMPS OtEEFEOERERT RIS, A2FI A
RETHERALI: LAMMPS OH#EERTEEFLEDD B
FIRE(X NVIDA HPC SDK (nvhpe) 24.1 LU
OpenMPI 5.0.2 #FL =, CPU RT3 —F D &#1k
LARILIF-08 ELT=, Ff-. BERT—YIEBRDS(4TS
J&LT.GPU @ IFI2 cuFFT. CPU [ (12
FFTW3.3.10 X TLHAITRH) #FATH. HIC
3% LAMMPS Ot E#EEE. NS4 T3)ED)Y
INRINRIZEDEDELT: (AU A= LEFERTED
most 28 %), =, CPUAIFTALYRHFIIZH TS
OPENMP /{v4— NVDIA GPU ##H9 5710
[ZGPU LU KOKKOS /vy —S#FERIZT S (R



1), ##. GPU /Ny —UTld NVIDIA L4t GPU
FAIYR—tEhTWd (EME6lD GPU
Package #38), Kokkos [ LAMMPS ®OY—X7
FAIITRESATWSELDEFERLE: (N—2av(E
3.7.2) o Kokkos [CHE T 57 —FTIVFvEEZL
TSUBAME 4.0 IZxESE 5, $4H5. CPU (&
Zen3 (-DKokkos_ARCH_ZEN3=yes, DFY nvct++
128 +5-tp=zen3 IZH %, TSUBAME 4.0 @ CPU &
LTI Zend MEYIFZAY, S EIEALT- Kokkos Tl
MIELTWEWRSH Zend &L T=). GPU (&
HOPPER90 (-DKokkos ARCH_HOPPER90=yes,
2FY nvee [2HITS-arch=sm_90 [ZHHZ) &L=,
F9.5 BHEORARRNFI—VDHAKERERT
(B 1, #AITIE TSUBAME 4.0 ® 1/4 /—F
(node_q F¥a1—) ZFERALf-. ERRUFI—HDT—
BHAXNZDNVT, £ TRFE 32000 D/NMREET—5
Th b, HEEZRENT= pure, opt, omp [ CPU O H
DEFTTHY. gpu, kkg, kkghn # GPU ZF ALI-E
T2 G T %, EEe%E (Time steps)/sec. TELET 5.
Fhhb, RKEGRERFESZEIC MD HEEZETTE

10 BERRUFI—ODERE, &8
INir—o4% (R 1), ftEIEHEREIRIET
&5 (Time steps)/sec.ZRY , /1 \wr—
CEDTO=4 (np,nt,ng) L FIE%E
%9 (np I MPI 7OtR#, nt (X
OpenMP XLwr# . ng [& GPU #, i
F-UIEREEEERT D), T2
i —IUH RIS L TLVELE S, Tavk
[FFRRESNLLY,
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HTEFEEKRT S, 1 CPUIOT7THDEITTHS pure I
%tL. gpu, kkg, kkghn [ZDWT. 1 GPU TF—4 1j,
eam, rhodo [ZHELVT 50~70 SFEEDZEEMR L L4S
ZENHM B, T—%chain, chute TlX 10 {SFEED [
+&¢5%, GPU /Rysr—2 & KOKOS /8wsr—o %L
BIDE T—H eam 12DV TIE GPU Rys5r—o
(gpw) HE®RIE. Th L4 E KOKKOS /Svir—o
(kkg ®5ULME kkghn) M&wRiEEHSD, kkg & kkghn
DERFEFEFERONEI =, purelZ&3b 1 CPUaTE
712X 9% GPU #FIADHRER EAEEE THO-T—
AD M5 1j & rhodo ITEBL. FHRIRMIZKLCI-#2
BRENRER S (& 2), CPU FMATIE Pair %
KD BONEEZLDIEARERTHSD. cIEMD &t
BIZBI5NBOREBIZHIEL, BEDAH TEBIN
TW%, GPUFIRIZ&Y Pair N KIEIZHIE S TULVS
e b, F-. GPU FIAKFICETEEARERH
I —DIURTFLTREKE DS LEBIETES,

RIZ, ABRT ORI - ARUFI—VDERETRT
(X 3), ® 1 DFTELR#IZ. TSUBAME 4.0 D 1/4 /
—REERALTEAIL, BEE NIEDOEEEZRT,
12 FEFED HIHIZ DT, gpu KU kkghn D pure
[2&% 1 CPU a7 ETHoDEER LATRENS, /N
V= TRHIELTWVEWAGTIE, V5713 RENT
WV, B2 55, gpu ITEER kkghn W% EET 55135
NEETHI DO D, HREIXT—4F eam Z]RIT
[£. gpu &Y kkghn HNEBTHS,

2 TRLEAZLUSMZE, GPU R\ur—o TSR
i 2hY KOKKOS /X —UTriiGLTWS AEA
Hd. TDPT, WHEBERTOOVILTHS SNAP
NBJZONTEHRIL = 1H1EL T, HHET L InP D
32768 [RFT—RITKT HEHRHERETT . 48 MPI
TAERD pure NDEFTT 5.27 (Time steps)/sec.. 1
MPI 7O+X.1 ALYK,1 GPU ® kkghn MEFTT
81.0 (Time steps)/sec. THY. 48 CPU a7 DEFTIZ
LT 15 BEEOERER LLELD MOMBETIL
(WBe, Ta)IZEWTHREBGIERZ o1,

ZNETIXGPU FIHEIZ 1 CPUI7DOAEF AL
Tz, ST 1 8D H100 [ZxL. CPU a7 #i% 18
MEIEEEEDEF ML, GPU Ry —Tk
KOKKOS /\w7r—J &R %, T—RITEERRUF
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2! BERRUFI—VI2H T H8280M AR, BEhER 1 ERIC, M EA 2 IIL—T D#RE R
THREINI=RM, (2 1j. (b) rhodo,

3 AFRTUIYIL-ARUFI—YICEATS GPU FRICKEEER L, BEHIINVFI—04
(HEOEEICKG). #MitEhE 1 CPUITZHFIA (pure TIMPI7A+ER) MhoDEREM L, (a) gpu.
(b) kkghn, /34— % (pure, gpu, kkghn) DFMIER 1 2SR, T—2/ ST —URELT
WELMES . I TIERENALY,

I—9Hm5 1j & rhodo ICEBT 5. T—2H A4 XI&E WT.3 REZEMED x 8.y 8.z BAMEZTNTN 2
replicate AY R THREREL = AU FILDT—HIZD EHiRLTz (256000 [RFT—42) o B 112H+55HE
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% 2: 1 MPI, 1 RLwk, 1 GPU #EARKM D
NDEEBME, T2 EH A XKLL Jj
(256000 RF), HEEDN—XFA2IF.
(Time steps)/sec.T. gpu [Z2LVT 506,
kkghn [ZDUVT 2064,

MPI ALK | Speedup
#
gpu 1 2 1.3
gpu 2 1 1.2
kkghn |1 2 1.1
kkghn | 2 1 0.11
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# 3: 1 MPI, 1 ALwk, 1 GPU RS
DEERL, T—2EH A XILKLI
rhodo (256000 [RF), EREDN—R S
(X . (Time steps)/sec. T, gpu (2D T
10.1. kkghn [ZDLVT 105,

MPI ALwE | Speedup
#
gpu 1 2 1.0
gpu 2 1 1.9
kkghn | 1 2 1.0
kkghn | 2 1 0.20

4 T=RRREINFEBALFI—IIZ6THAMAVT R —)LAIE (16384000 [RF), 1
Bk /— R, fitEh XRBEERE, /—KHh=Yn MPI JO+X%#(E 4 IZEEL. GPU [&/—F&H 1=
Y 4 #ERT %, OpenMP RLyR#(Z 1 IZERE, () 1. (b) rhodo,

LR#IZ, TSUBAME 4.0 @ 1/4 /—F#ERTS. &
9.1 CPUI7.1ALYF.1GPUMEERET. GPU /X
ir—2 &Y KOKKOS 1\ —SDIEIHNZRETHD
ZEMRERENT (J T41E. rhodo T 10 fEDMHEEE),
FNEND /T —D2D0V T, COMEEEER—R S
DEL.CPUa7#ERIZEDEERLEFAND (F2.
% 3), GPU 1 #&IzxfL. CPU a7 %% 2 £9 %, CPU
a7 OpenMP AL wR i 5l MPI 7OEZAMDESL
HMZEY Y TS, gpu TIERALYREE MPI A+ X
HOELLIZDONTEH ATEDMRER T, 5.
F—4 rhodo IZDWL\T, MPI 7Ot R ¥ D& KIFIESE
MEtEREm LN RoNf- (GH. 4 MPI JO+RXTH
BeM@ L (X8AFILT), LAMMPS DRFaxvh6]lD
GPU Packages [2HWLVT. GPU \vs5—UTlE 1
GPU I2xL T MPI 7Ot ¥ DEKRIZL SRR L
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DFEEENERESNTEY . TORBEEFELGRER
EEA%,—H.kkghn [2DWTIE, ALYREDEKX
THEEFIZEHST . MPI TOER$E KT HRES 1EZE
FlERIT LML otz, MPI S29& GPU DT /N
ARIDIZETE 10 1 DA T T EWBRITIE.
LAMMPS DO FF 242 [6]D Kokkos Packages 128
WTIEHREINTEY . EDEHEATHEN DS
EMTEREEZAD. CDEKSIZ,. GPU Ryyr—o&
KOKKOS \wir—oLTgEm EIZE S5 45 CPUD
T DEREFEDNRLGLZIEN LM oIz, GPU /8vsr—
DlE. CPU a7 &R 6B HIELRFERATESAHEMEN
Hd, 1=-L. SEDOAEDEHETIE. KOKKOS /3y
T DMREICBSREEZRE T CEFTEGM O,
—7A.KOKKOS /\wr—oTlE, SoidmER{bEH
SHEBIF MPISUIETNARID D 15 1 /18(0T
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& 4: Kokkos [2EBHH—RILERB: THITHED—RIL DR EREFS/NES, 175

RIT: 1024),
BFRT | REAE Gflop/s
2 Kokkos: TeamPolicy, TeamVectorRange 2918.253
1 OpenACC 3411.408
1 cuBLAS 34775.811
1T EREDD.GPU #1 (Flabhb/—FH) #iEP ZYERLT-. MD StEBREFEZBEREILZVLEDOD,

THENEZLOND,

CCETOHERMS. EHRENBADORIEEMERE
# =T, NVIIDA GPU %{f->7- LAMMPS OX{TT
[ KOKKOS /37— DFIANBRIEEZOND,

LAMMPS DOtgEFFHlDHRZLEL T, TILF GPU
FMATORT—ZE)T1%2ARE, CORETIE
KOKKOS /S —CDHZER TS, T—2IE B &
U rhodo % x 8. y B, z BAARZENENIC 8 fFITHE
FRL7= 16384000 [RFHT—2EXRET D, LEED
REHERICHL. /—FRIZETS MPI 7ot #H%
(PPN) [&/—F®A GPU O#E—HSETHL,
TSUBAME 4.0 Tl 1 /—F&H71zY 4 8D H100 A&
SN TWWA1=%. PPN (& 4 IZRETBHIEITHED,
OpenMP RLYFHIE 1 IZERET S, HRITIL.
node_f ¥a—%#HHAL. /—F%%E 1 /5 16 ETHEX
SE BERERSITRT, T—RIT&YRT—FEYT
AMKECRLD, T—421j TIL. Pair DF S5 (LIFIXH
ZTHEY. HEEORML RV I ILEEEKZEOHA
RETHS Comm THAHIZENHH ofz, IMNREELT
DERET (B 2).]j [F#E— GPU FIATH2IC Pair
DESHIHEIFEIATWVWS, Z5LT. T4 ] (&
KOKKOS /\yr—212&57IILF GPURRISET S
LD TIE M >f=LHIEN S, —H. T—%4 rhodo IZ
D2WTIF. 8 /—RETRFLERT—FEYT14%RLT
BY., Pair DHFEH/—FHEOERELLICIETIZH
HMLTW5, 5/—FRIZEH3RTr—ZE) T4 DEE
EREEERI—VIEHZEOHARBTHS
Kspace 52 &N H o1z,

&%, Kokkos ZF|ALIzh—FRIILO—FEREE
DBREEICOVNTFEEDH D, %D LAMMPS O
KOKKOS /34— EI1+ DM eI RO Fa—=29
REERBEITEE, Kokkos ZF|ALI-HELN—RIL
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Kokkos #FIAALf-O—T 1Y TRHELLEHERHM
ZER/RTETDHLOED—RILELT, THIITHIEE.
STREAM. MPI BEBEBOPEUHLGEEZEEL.
OpenACC %> CUDA L DREDFERELLELT-, KR
LEETH. EREFBTINHTHTHTIREORE
LEHAIERETRT (R4, )AL 112 Kokkos # >z
BEDHIETRT LIFLURELTEELTz OpenACC
DHIZE) AL 2 125RF . Kokkos & OpenACC ETRHFE
EOMELLGLIIEN LMD, RIMGEEETHY.
cuBLAS [Z&2ETD 1/10 FBEDMREE LT, YR
b1 DKS%EREEBRIMS L LAMMPS O AhiEA—RIL
THEDLNTVWENZ—2THY . ZDa—TAVT A
RERETE,

FLH. SHEDFEE

TSUBAME 4.0 128145 LAMMPS [2&% MD £
TICHEVTEBM MRS @ZEEL-, GPU RT3
—RFELTELGDIELETHS GPU Nuir—o &
KOKKOS /\w7r—U#HhEL,. SEOREDEHET
(. ABEA~AOFISKREE NS, KOKKOS /3y
—TCOFRAMFELNEN LI STz, /—FAETH
FUEH/ —FEESETICOVTLHELEDHME
£85I ENTE, £, Kokkos ZRUV-EftiEh
—3La—FZEEZEL, LAMMPS D#EehiEICHE
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JLELTRARLIZLWEEZ TS,
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1) X 1: Kokkos IZ&BD1THIITHIFEDELES| (Kokkos: TeamPolicy, TeamVectorRange),

// Kokkos: TeamPolicy, TeamVectorRange
typedef Kokkos::Cuda ExecSpace; struct TagA {};
void MyKernel::mm_A () {

Kokkos::parallel for("Kernel A",

Kokkos: :TeamPolicy<TagA,ExecSpace>(NN, Kokkos::AUTO, 32), *this);

}
KOKKOS_INLINE_FUNCTION
void MyKernel kk::operator() (TagA,

const typename Kokkos::TeamPolicy<ExecSpace>::member type & team) const

int i = team.league_rank();

// use of copy ([=]) would correctly work.

Kokkos::parallel for(Kokkos::TeamVectorRange(team, 0, MM), [&] (const int & j ) {
double tmp = 0.0;

for ( int k = 9; k < LL; ++k ) {

tmp += d_A( i, k ) *d B (k, 7 );
}
dc(i, j) = tmp;
})s
}
IJRk 2: OpenACC [Z&XBITHIITHIFEDEEH,
// OpenACC

#pragma acc loop gang independent
for (int 1 = 9; i < NN; ++i ){
#pragma acc loop vector independent
for (int 3 =0; j < MM; ++j ) {
double mctmp = 0.0;
#pragma acc loop seq
for ( int k = 0; k < LL; ++k ) {
mctmp += ma[k + LL*i]*mb[j + MM*k];
}
mc[j + MM*i] += mctmp;

1}

REELT.UTO 3 aEZLND, E—IC,

BALMWMITHELFEREEZOND. 1 D3TOHT

KOKKOS 1\ —C DR ATEHMCPUITEERIC
FATETVEVLENZEIFOND, BEFELT. AIZIE,
CPU a7 DALYRHEFIDHMEIZDOLNT, R7—I)LL
BOWRENT—RICERT 50, REOBELONE
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IELTLSD, BIZIEFERIRIILF—EE (FEP /\y
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GPU G EHEDT=L B2, SEIORENSH LT
NEBSATS)EERT ST EMEEIC DL TGPUFIA
BOMEEZRIITIZENETONS, HlZIE.
QM/MM FHETHWLSND QMMM /8ysr—UEM
Eabhbd,

SE Xk
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Bx IO XA F I 7 AEHETDHZ LT, GRS CD HAEWMET 5 T
FIEL. BFAV VT I ARRICK L TR T ==V v I a2iTo7- L 2 A, S8R
PLENTZCDHEEHANWDLZ EICLVIEEMBROR T —1) VI NRWEIND Z LN g0oT-.

HCHME (100 words F2E)

The counter diabatic (CD) driving has attracted much attention for suppressing non-adiabatic
transition in quantum annealing (QA). However, it can be intractable to construct the CD driving in
the actual experimental setup due to the non-locality of the CD driving Hamiltonian and necessity of
exact diagonalization of the QA Hamiltonian in advance. Using our method, we clarify that a scaling of
success probability is improved compared to the conventional QA without the CD driving.

Keywords: Quantum annealing, Counter diabatic driving, Spin glass, Mean field theory

E2LEM

B1r7=—Ur7 (QA) I, BETZIKR
DIEJRREZ RO D FIEE LTHEEEZED
T3 [1]. —f%IZ QA TiE, NI =7
N K DR A WA 2 w9 kD
2, RO Z ) TAT O BERH DH. —H,
Counter-diabatic (CD) K7 A 7 D Fikl%, FE
WrEER 2 L, AR coEFT7 =—
Vo7 %179 EEAIREIZT D Z ENHG
NTW5 [2,3]. L L72RAYS CD IHOMER
(I e AR FANCHE T AL E
DD H 21T, CD EMAIERPTIRE TR S
NoT, EEIZFIET 2 BRI LI EE 2 1
2.

ZORMEE RIS H—D2DHEE LT,
CD Mz YR T 5 FIEN LTV
% [4]. GRS RS W CTHAEAER A —5%
IRERIEMEA Vv TR OYA, R RE
¥ iR (A oA HREX) 135k 2R
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-2 A, FRBEOMENHRTX -,

(a)

(b)

X 1. EfERORr—Y 7. (a) BRL 2 DR
BAY 7T AR (b) 1 IRTTHERGSE A & 4.
T ==V 7RI T=1 & L7z, SRR CD
A W56, HHENEE O QA.

VRl S L7z CD HA RS A v 7
T2 L CEH LEFT =—Y 7
ZiTo0= (M 1), AV 7T 2RO A

EHIZEERSMTHEAOND bDOEZRAT.

FlHEERL %R (K 1), BELO &L
A8 (1) 2T FHAEER O
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AFARETIE, EAOBEEFETALEDZ A r— a0 FLYLBNLEYICHAEETHLT AITHEE (AD
BifixRIRT 5=, BE-EE Al OF-ODFFT7ITIALORREESHBFEOMREEENT-. I,
BRIGESLEEETEANELTEEARVIOKARINEEEMARZRIBEZHE T IRBRETREM
(AV-SSL) IZERY#A#, Deep Clustering [CEDREREDAAEMEFZETEHILT, EREREBSHICH
AARET A HMERMHB[BEREEL:. S5IT, T—2EVrDF vy 1 BORERELHET —20OMENT
HDF5 BHKADRELE, BRICHERIL—TE2ERIEIOOHEY—IILEEHE L.

FE X% (100 words F2[E)

We investigated machine learning research for building multimodal artificial intelligence (AI)
systems that can communicate humans in our daily lives. Specifically, we investigated audio-visual
sound source localization (AV-SSL), which is a task to detect and localize sound events from video and
audio recordings. We trained audio and visual encoders whose embedding space is designed to easily
distinguish multiple sounding objects based on the deep clustering technique. In addition, we built
supporting tools for training neural models on high-performance computing (HPC) systems.

Keywords: Audio-visual training, generative Al, contrastive learning, self-supervised learning,
automated machine learning

ERLEHB
BRGET—2CRHLHEMICRT—ILTHRRES
EETIL (LLM) PECHEHYFEZOEEICKY,
ZLDANIEIRE (AD ZRIDNEAICEDMHREEER
LTWS. —A, HAOBEEFETAREDZA = —
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—FOFARBIECTEGHICE N EEH T /-
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BmE
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B 2 {fohf=-#HAHETINERAN-RIUET —FTOEEREE [1]

BER Al OF=ODRT—ZTIIVIEEET7ILITIVR L
DB, EERT—RIE T M EETHEVFT—H
DFEILGE, RURLTEBLARLHGRATIAIINLE
BERBRMOREEZLEDT-.

BRBLUER

BEMIZIE, BBRESLEEIESEANLLTEE
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HEEFERENMAV-SSL) ([TH Y # &, Deep
Clustering [CEIKRAERIBEOAAHEMEFE TS
LT, BHDEEARVNERSICHIANTREIZT 545
BEMHFEBEL: 1.

1 ICBoNT-IBORAAZMOEIERYT. B 1-(0),
(e), BFUVMM DL, BoN-IBEHRAAEMIE, TEY
ARILICELDHEY (B) ~NEHRAHTWVSIEA S
M5, Ffz, B2I2RT &I, HEARYE~DEEE
BEELT, RIERLI-E A MBRERICH L THEEL-E
TLEERYTHERET o BELEETILE, F
FFEER CE AL OBRELT —TTI/FvEEERALTL
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ERIZEATES A DEELTEDT-.
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This study investigates plastic deformation and fracture mechanisms in carbon steels under extreme
conditions using atomistic simulation methods, including first-principles calculations, molecular
dynamics, and Monte Carlo simulations. A high-accuracy neural network interatomic potential was
developed for the iron-carbon system. Using this interatomic potential, we analyzed screw dislocation
behavior with and without carbon content. The results revealed that screw dislocation motion is
repeatedly impeded by carbon atoms, followed by detachment due to increasing applied stress. This
alternate behavior was quantitatively and atomistically identified as the origin of serrated flow
observed in experimental deformation tests of carbon steels.

Keywords: Atomistic simulations, Neural network interatomic potential, steel, dislocation, plastic
deformation
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# 3 : Development of non-equilibrium wall model by using the direct numerical simulation data
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We performed direct numerical simulations to explore the non-equilibrium wall model for large eddy
simulations. The flow geometries were turbulent channel flow and plan impinging jet flow and analyzed
the filtered momentum equation to clarify the effects of local non-equilibrium on the mixing-length
model in the filtered momentum equation. The results show that the model coefficient in the mixing-
length model exhibits spatial and temporal variations depending on the local non-equilibrium. This
effect is more pronounced for the plan impinging jet flow and the coefficient in the mixing-length model

needs corrected by using the flow parameters such as the local strain rate tensor.
Keywords: Direct numerical simulation, wall modeling, mixing-length model, channel flow, plan

impinging jet flow
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This study mathematically analyzes the nonlinearity of natural language and develops
computational models to represent its complexity. With the advancement of large language models
(LLMs), precise quantification of language complexity has become crucial. We propose a method that
evaluates textual complexity through correlation dimension, capturing self-similarity in natural
language. Our findings indicate a stable correlation dimension of approximately 6.5 across Japanese,
English, German, and Chinese, suggesting a universal nonlinear characteristic. Additionally, we
develop a document classification and clustering approach leveraging LLMs. Future work will focus on
elucidating the formation mechanisms of correlation dimensions and establishing metrics to quantify
reasoning capabilities.

Keywords: BAEENE, £RETIL, B4, FRPE, HERT.
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This research project aims to build a pipeline for efficient information extraction from
scholarly data (papers, patents, websites). The pipeline spans from preprocessing and data
formatting through model training to information retrieval and recommendation tasks. As part
of this framework, neural networks were trained with text and graph inputs to represent
different entities—papers and researchers—through output features. When applying the
resulting representations to recommendation tasks for papers and researchers, content-based
methods demonstrated higher performance than graph-based approaches. Furthermore, in
experiments training classification models for Japanese paper abstracts, we demonstrated that
data augmentation through the combination with translation technology is effective.

Keywords: scholarly data analysis, science mapping, information retrieval, neural networks, text
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2: 0 SIR—RF R EAZINADIRE

(2T —2DIEDHAHRE]

AEEIIHICHARE~OERHEREICEB L TH
REEELI- BXOAREDEFE —ENAFT
ERHEE. ZDIAVTUOVERERE ADEMELKD
ETIEICAWSFZZOTUOYR—IFEEL
o —H HEZBBRECAFTELHE.HRE
PN E/—RELIZTSOBEIZEDCETIVIEF
FZEBERTES MEFIDEIBTSTIRN—RF%
MEBEEDTULEN, AVTUYR—RFiL LR
—EH T OHREFLEELAIXIRESNL TULEL,
ZIT. R EREBEZ SR FRIEEE
AHEL. CNEZDOO7TA—FDHEREELLE LT,
OAVTUOYR—=RELTIF A 1 ITRT LI, X
OHAEEEIANIILTIRAEDIEDHAAHIZE DT
REITDIHEERALIZ, YIIR—XFEITDON
TIE. B 2 ITRT &I EEH A RX(W) ., FR
AT (S) . Bt (P) EVWVSELD I T4 T4RD A
RNREBRINERTHFEE AZNREFALLG
WFiZEm 2 EEEZHAEL-,

[XHEETILDHEE]

EFSFOMmXIFEER. BH, FEHBR.
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x 1. ZEBDYVFRIMERE

Fi& HR@1 | HR@10 | MAP@10
AVTUIYNR—R | 0.647 | 0.966 0.739
J5IR—R 0.067 | 0.388 0.141
(ABRRFAIEL)

JI5IR—R 0.074 | 0.518 0.181
(AR RFIABHY)

R 2: 1R D REETH

Fi& Weighted- | Accuracy | Macro-
F1 F1

LEEFiE | 90.12 90.53 83.49

REFE | 92.19 92.19 88.39

HERD/IN— DI DFRIVERRT H=0I,
EBICFIOTFHTINIAMATSIN TSR EK
BIREL. TRty bERBEL, FL T EEHRX
[CELKBHEDOT 4ty XBMRL-LDEH
UTr—styhéli=,

BRESLUBR
(2T —2DIEHAAH K]

EEMDVFRIRBRICENT, LI 1 #HrELEH
10 ZNnZ 1 Hit Rate (HR) . L4 10 4D Mean
Average Precision ZHHUI-#ERER 1 [TRT, LY
FTHROFMEERICENTE, AVTUYR—RFEIT
TIIR—RFELYELBOMHERERERLIZ, T 7T~ —
RAFETIE. FIAT DA RD SR ET 51260,
FASORBICEDEEEICANRER T TILEN
HdEEZLND,

DoOFRAEREEETHE. AVTUIYR—RFE
T TIR—RFRICHRTT TN THERHEL/
—FEOEUEZRETHERNH o= PZIZ. V)
VOFAEERERBICICATSEE. VY ITIN—RF
EDANEBRRICENEANTWNEEZLND,

(XA EETILOEE]
BELZARERXT -2V rDAHTEEETIVE

AL DF LR FE, ZERXOBRICE DS

RUIT =2y CIlBELI-EDEREFEELT. T



AT —2TOXDEHERD Weighted-F1 .
Accuracy. Macro-F1 #&EH L1z, & 2 (TR K32,
REFERIVITNOFMERICEVTHHERFIEE
EEl>fz, SHICKYBIRE N L= T — 2R DB HE
hREnt=,

FLH, SHEORE

AMERETIE. TFRMOYSTEADELIzZa—
FILFYRT—JICE I HETHRXOPHAREER
BL. X OHAREDHEBIRVICE T HEREE TR
Ltz Fh. X BROX I EETIILEEERR T,
EAMREMEDEAEDLEICKDT —R2ILERAH
BchsdleE R,

SHOBREELT. ANTEHTI7BEDEMIOH
BEOEBEAI’IAREOHHURBICEALLELNAE
FTEILENHD, F-XHDEOHRICDONTIL, LE
BB TOEREMEZ~OEMZFELTLS,
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TSUBAME £RFIA SM6FE ZiiFlA BEHREE

FIRRER: JTAUATAT7ERERE

F 3 : Generation and detection of fake media

FAREREE #a1

First name Surname Isao Echizen

FriE: EILRERFAZEAT
Affiliation: National Institute of Informatics
URL: https://research.nii.ac.jp/~iechizen/official/

8% (300 FFEE)

ATODIIMTIE, TA—TIzAVIZRREINDZ T A VEBEE - B OHREETILICBL T, Computer
Vision (CV) 2RV Z 1758 D Vision Transformer (VIT)&EFRATAHET, KED=Z2—FILETIL
(ConvNets) KU EBHI ENREER LEZBIETEEBNETS. 10 BEULOKRRET—TIz40T7—
AybEAVEEBHEREFEZTL, BEHMTEEBTERAVTEE SN REmNDBEAT AT
% Vision Transformer(ViT) T#% DINOv2 DFIEFEEIL, #EEKND=2—F)LET /L (ConvNets) TH D
EVA-CLIP ET I OHEHEEE LA 1-. AT7ODzHMTCHE-MRIE, BERSNTEIANEATNS IS
JEEEG - MEDEEBHEY—EADREIERLGLDEEZONS.

B X% (100 words FRE)

This project aims to improve the detection accuracy of fake face images and videos,
represented by deepfakes, by utilizing the latest Vision Transformer (ViT) for Computer Vision
(CV) tasks, thereby surpassing the performance of conventional neural models (ConvNets). We
conducted the detection accuracy evaluations using more than 10 large-scale deepfake datasets.
The detection accuracy of DINOv2, a state-of-the-art and commercially available Vision
Transformer (ViT) trained using self-supervised learning, surpassed that of the EVA-CLIP
model, a conventional neural network model (ConvNets). The insights gained from this project
are expected to be beneficial for improving fake face image and video detection services, which
are increasingly being adopted both domestically and internationally.

Keywords: Deepfake, £ Al, ZTAVAT4T7, Al X274, YT EL

EREEW MI-AEREINT-ATA7) DILEREERER LT S
BE, Bk, BF, BREBELCLEOAMEBRDER TOPIUNERIBLTEY, 2018 FIZTAUEEM
Z Al NEEL, KYPERMIDUETvIrAT47 8% Al ZRAVTRHETAFEZHATHO TRE
DERMNAREIZEYDDHS. SoETavIATA L1z, &5I12 2019 FITEKRHMD I A VEEZIZHTE
T, AZ2=7—2av R HFOIUE—TAAUNS BEREFO, Jz(IVBRHEBRTAERDEEE
HEiabeELRRGRAETERAINTWS. —A BB (Z1T5F % (5-years highest impact award 52
T, oBTAavIAT47DEDAIEELT, FEERAO B)ZIR=EL, Deepfake detection EFEIENZHT-
BEFE, HREBEEEZTIENT, LREBOTO BHRRDEFERIALL-.
WD, A OBUE, Jz(VBFE, Jz(IOXEL ATODzIbTIE, RRMETEHZEEHLETA
WDz A VAT 47 %, AlZRAVWTERK - LESE IAT4TDHBEIZHL T, Computer Vision(CV)
THEY, HRMLGERELG>TLS. AR ZEITIRFTD Vision Transformer (ViT) ZiE
BEEE DL, Deepfake N RMREIL T HLFIA AT SHILET, HEETILKLVEBHEDHEER L
5 Media Clone G&FE. AL [CEYARMERMOIEIIZ  ZHIEITELZAMETS.

115



ATODzIbTlE, RRMETHZEEHRLE TS
HDAT4T7 DHBIZ® LT, Computer Vision(CV)
ARIZEITIEmRFD Vision Transformer (ViT) % F
FAT5ILT, RETIVELBELTIAVEEEE -
MEOEBHERENOM LEZERR L. CoTOP
IVPTRHREMRE, BERNTEFRILEATNS
TrAVBEER-BREODEBHE Y —ERDHEIC
BRGEDEEZOND.

1 BENED 2 DOO7T0—FOHE. F&
D7 Oys1% frozen block A LoD TOv(E,
fine-tuned block #&9".

BE

T BEE R - BREERET DT —TIz4Y
BREFZRMRIC, BCHAMGEZB LAV TERS
n-&KE&kimm» D AR A AL Vision
Transformer (ViT) T$%H4 DINOv2 ZEFAL, A

BB TA—T T4 Al EBETILEZEHRTS.

Deepfake detection 2 EF CEBRMICR AL A —RTS
FLMIEE TH SN FERE (Accuracy) DFHFMzRY 2=
(EER)®D 2 DIZHEWVT, ED=—2—FILETIL
(ConvNets) &M LB FF AT o7=.

BRMICE, BOTA—T 7M1 VBHEICE TS

EAIFEEFH ViT THS DINOv2 DFERAIZDINT,
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LUT®D 2 D2OF770—Fh LB EEZERLT:
(B 1388) :Approach 1:/E#ELI=/\woR—2%<
LWFLRNILEFEMERELTHERIT S LLE,
Approach 2: R#EMGEMRT OV IE 7 HIIZHER
BO7AVF1—ZU0)$5HETHS. TOHRR,
Approach 2 B E#THY, 10 FBELU LD KIRET
1—T 74Ty ERAW-EB I ERETF
@IZHT, 3 B/354A—420 DINOvZ ET /L
(DINOv2-L14-Reg) h¥ Accuracy 96%, EER 4%%
ERLE. — A HEDZ2—-FILETI
( ConvNets ) T & % EVA-CLIP & T /L
(EVA02-CLIP-L-14) ¥, Accuracy 93%, EER
7% ThHo1-.

AFEFMTHON-MRE, BRSNS TEIALE
ATWS I/ VBEEG - BEOEBHEY—EX
DHEICARLGLIDEZZONS.

FEH, SRORE

ATADIYPTR, T4A—TTAVITRKREND
TJIAVBEEG -BREOBEHETILICELT,
Computer Vision(CV)2RX9%&4T5&#ED Vision
Transformer (VIiT) Z/EHATHLET, HED=a
—ZJLET )L (ConvNets) KYEEFIEDFEER L
MAIBEIRC EZERL-. SEDFEBELLT, ELSD
AITOTIRO, BE, TXRARWLSRES)T1%
HRELIIEE, 2 EHEDHELT, EDOES
MNALIZKYBZESN DLWV zA—HS5ME—T3
VEMOETIOREANBELEZS.
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TSUBAME £ EFIA SM6EE FHFRA mERKREE

TSUBAMEA4.0 (235175 Al B8REEDOFHE Ik DE 15
Learning of technique to use Al programing environments in TSUBAME4.0

xR B

— R EEA S EFRE 2R RHAE
https!//www.rist.or.jp/

i HPCI Q& RIZEMEBEICHNTE GPU 28 H LTI UNEZDOHY ., Al ZEFAL-EKOHE
NEAIZTHhA TS, &HO GPUNVIDIA #& H100)##E&LI=R—/\—arEa1—4 TSUBAME4.0
EEETYRRAS/—FKZFIAL. PyTorch, Tensorflow DR FI—9% T2tz T—EHAXIZELDMN. BEE
TYRZL/—KE® GPU(V100) & TSUBAME4.0 ® GPU (H100) Tl&. PyTorch (YOLOv5) T 3 £&. 1751
& (fp32) Tl. $9 10 £ (CPU LTI 50 LA L) DIHRELL TH A EMNRERTE =,

In recent years, the number of machines equipped with GPUs has been increasing at HPCI's
resource-providing institutions, and Al-based work and research have been actively conducted. We
benchmarked PyTorch and Tensorflow using the TSUBAMEA4.0 supercomputer equipped with the
latest GPU (NVIDIA's H100) and the Fugaku pre-post node. Depending on the data size, we
confirmed that the performance ratio of the GPU (V100) on the Fugaku pre-post node and the GPU
(H100) on TSUBAME4.0 was about 3 times higher for PyTorch (YOLOv5) and about 10 times higher

for matrix products (fp32) (more than 50 times higher than CPU ratio).

Keywords: 5Df8E HPCI, TSUBAME4.0, E&. PyTorch. TensorFlow

EmLBmM

i, HPCI OERIZHHEEICELTE GPU 288
BL-TIUNEADDOHY. Al ZFRALLEHOH
RHBRAITITHONTNS, - Al 2HLUSNOBEEFET
A5 L0O GPU {E®IiGHHEA TN, ZZ T, &FD
GPU(NVIDIA # & H100)##E&#HL-X—/\—a>
EFa1—4 TSUBAME4.0 12T, Al JL—LT—%
(PyTorch, Tensorflow) > AI 7045 (Resnet %)
DIRBEE ., HRES . MRS EZT52LZ2 B e
EER

W=

IRV FI—=VICAWN U RT L. TTIr—2
Ay, B21CBIEEB BN FI—0T7 T ) r—>
avERY,

TSUBAME4.0(CPU., GPU) . EEFURAL/—F
(CPU., GPU) 2DV TR FY—V% TR B
EFRRAR/—F® GPU(V100) &£ TSUBAME4.0 0
GPU(H100) Tl&. PyTorch (YOLOv5) T# 3 5. 1T

5I|3& (fp32) Tlk, $9 10 £ (CPU Lk TIL 50 ZELLE) D

117

MRELL TH A ENFER TE =,
MERRDHZEIZT B,

VAR, BIERSR D

X1 AESRT LA

K2 BIEANVFI—H9F7T)r—ay



BRBLUER

B3(Z YOLOv5 OETHENDY 57%Rd ., £l 5
AN CPU(lc, 4c BEXAT7HZETRT) . B 4 AN
GPU z#AL-BEDRERRBEED ANVFI—
DIZBVTIE /MRIET—2D1=Hh GPU OELIME
& 1,2 f5IcEEFEHT-,

K3 PyTorch/YOLOv5-bus 1T (ms) (NRIE
7—4 bus)

E4(Z TensorFlow (fp32 175I%&) D#ER %R, £l
4 KH CPU TORIFENE. Bl 2 XA GPU TORIE
EL7d, CPU TOREMBEICHE L TIX.
TF_INTRA_OP_PARALLELISM_THREADS Mm%
EICEBDVILFALYEDNREER T HENTES,
F=GPUDBIEIZHLTIE, CPUDTILFRALYRE
LOSCKIBGERIEDIHRER/LHIEMNTE. VIO &
H100 D LLETHH 10 EDIEREELLGDHIEMNTH D
f=o 1= CPU(EPYC48c) LD L TIEH) 50 fEDMERE
ELRBIEN DT,

sec

X4 Tensoeflow2.10 {T5I%& (fp32)
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®5I1Z TensorFlow(mnist) DR FI—OFERETRT,
BfilsFEEZXF (mnist) PZDIEFRD Fashion B
BO#EATIE GPU DEALHEIEDE(MNIST O
V100 [& CPU L T##x) . CNN (Convolutional
Neural Network) TD cifar10 (#MAHS—ER) IZH
WT. &5 HI00 DEBAEMENHERTE T,

X5 Tensorflow 2.10 mnist

FLH, SHOEHE

TSUBAME-4.0 T GPU-H100 IZEAL T, £1&N

Y F < —7% (©PyTorch- ¥ & #% H YOLOv5, @
TensorFlow-matmul 17%I%&, Q@ TensorFlow-E[{& 2
2 3 B)TOMHELTHE. i
GPU(V100,A100)%> CPU(Xeon, EPYC) & & D LLE %
EhelLf-,
YOLOv5 TlE /IMNRETET—2DT=HH . CPU K&
LE LT GPU OEBEEEEIDEETH 1. F
DHTH H100 DEEMEIE, V100 LT 3 E5EMRIL
2TW3,

H100 @ tensor ;EEDEEEDHEED-6H.D
TensorFlow-matmul(fp32:10Kx10K) D I 7 # £ It
L1z, ZD#EE . CPU(Xeon, EPYC) &LLEIL T, 50
BEULEDEEMEHETE, REKIC. OEBHE A
mnist RDLLETH, FEZXF A Fashin EEDH;
AALEDMRETIE. T—2RBECEER) AR YLV
HH . GPU OFFIMEEDEL MAEAS—EBZRIETD
CNN 7—ARIZH T, #Hi< GPU RN 45 (BEEDS
REEHERT DREREGOT,

ULD#ERMS. GPU OEEICEALTIE. @D

#  mnist
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THEDISGELDTHENEAZO T HREA AV A
BOHR LoV EEREREDHST7T)THNIE
CPU [THEART 1 HiREDRBAMNHERE TELHILEN
$IBA, TDHTEH H100 DEEMEZBHERTE-,
SHROFREELTE, FYRENLTHETORMNE
JOMEEAEETOCLERLEERZ D,

HUE
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TSUBAME £ EFIA SM6EE FHFA mERKEE

FIAEERE KHEESEETIL(LLM: Large Language Model) #FHL-EESZEDANME -T2 T @D T-
SDT I AL DFEIROHELIZ M+ 7-FF3E (24AC0401)
Research Toward Establishing a Methodology for Outcome Extraction for the Evaluation of the Efficacy
and Safety of Pharmaceuticals Using Large Language Models
g 2
Manabu Muto
ENKRFZEN RBRZXZREFAREESANRFEE BT

Professor, Graduate School of Medicine and Faculty of Medicine, Kyoto University
https://www.med.kyoto-u.ac.jp/en/research/field/doctoral_course/r-040

EESEFHTO LLM FERMEIZH LT, Llama3.3-Swallow-70B ETIILERAVWTFEAILTT—EEXER
2. B& T BT MEREREL-. EFILRETIES5~6EVRDARBELHEDNED/N\SURIZKETH
Y, TOVT RN REEHMIFICEETHAEN I, REETILOBAEBLATIE. BAEREFEICK
UERIBENEERIEL., HFICTFE I DEBRKRFE TN LTAVRENECHRELTHER, CNITEREEEE
ICERTHIRAMBBEEEZOND, RE. FEHE - RERIIKEZF OBBTEY —/LEEARL. KIRE
T—ARNEBEEERTHD,

This study evaluated structured data extraction from the Millennium Medical Record using the
Llama3.3-Swallow-70B model. Results showed that 5-6-bit quantization optimally balances accuracy
and efficiency, and prompt design is critical for maintaining performance. When applying English LLMs
to Japanese, continued Japanese fine-tuning caused ambiguity in event recognition, especially due to
omitted “year” expressions, highlighting a grammatical limitation in Japanese. An automated
evaluation tool with dictionary and logic-checking functions is under development, alongside
infrastructure for large-scale data processing.

Keywords: Millennium Medical Record, LLM, quantization, Structuring of Narrative Texts, Clinical
Outcome Information

BEREEH
BENROHELCAETERICHOIFEREBBLECREELCENKEDIEBELTF AT —2ELTREEHS
NTVS=0 ., BHHIZNIET L EARETHY ZDAFEELTNS EF, REMDBASELERIMEL
TREDTHFAMNT —FEFEESE-ABREEEET L (LLM) K AEE LESEEERLDDOH S,

LLM ORED=HICEREDTHFANT —2EHEERABELLGDA HLABFTFEAINLTIODIINTEHER
DOREBEDTFANT —REBCBFHLTERZREL. BRELTVS, COTFRANT—2EFALT LLM %/
L. EREFHTLHMLETEGH S BRETHFAMERM O EEMDTEEEANMEICEET S2EELA
REZBHTHHEIIENA/FTED, ChEERTHET UTIIIALDOERRER. AENEOQELFE.
ZLTIRVEEORER LIZHFSL, REMICEEMAREERY —ERRBOAELIZETHEERET,

M=

WA ATREESHRESA—T o V—RD LLM(R—RETIL)EREL. EFHILTORBIREE EEE
EEHR) ZAVTR—RETILOBELBEEERILET 5. A—RETILELTIE AR RO EARELNFHRET S
RERZEXRZED Swallow-7T0BETILEZHFEREL MDETILEDHRELREZTVVEALUTOFIETHEE
E SRS

DEELT 2RO H-GFEAXDIRE

121



(B 20) KR |HESE

2)LLM I2B1T 5B ELEEDEFLIKFHEORKEL
3) 7OV REDEFILIKF DAL
4)EMRERETTIILOBARELICE T LREDHEL
5) S L EERIID BEL

®R
REDEHETERMTO LLM 2K T —2% > THERHL. ERET 5O DORREAICDOLTREL
f=
-LLM O£ AR7558 FEE LB 1 DTl & 1757,
{COBRBETIE.RE. FEALTIOD IO CIESN TOIERKRIFR T —2IN— X DZ AL HRENSIEEE
EEREIEL. DD LLM ETIILEBEL TN —=2 T & 174> 1=,
HAERRIZUTOREYTHS.

DBELET BB LFEARXDRE
EERRT —2EEICL-RIIAY S —EMEERL., BARKENOME T REBREBEAZHEL-ER. TOE
BHERLEDTHS, FFHEDRIUMNILTDEYTHS:
a) B ORH ABCAFOERBEZERICEABELTRHTESN,
b)JSON X TOHME  HEF—LEDHEASHLEZRFHMIHE I H8ES,
c)BREDRH AEDEFIRB. R TH. BRIV, . EFE . BEEDTHESL,
D BRHEDOFEHE : HIEFROHERNS D EHTERH,
e) F2F A0 Stage DEHEL D IEHE: 32F4° Stage DEEWVEIEREL, Xa71Ld 5,
f) L EE XIS KE-BARERDHT . ERHIRLTHNILERET S,

2)LLM 28T 568 E L BEDEFLIRFEDBAKELL
ZLDRBHTRULFAIN TS Meta 110 Llama ETFIILERRIC. EFLDKEFEEZHAL,ICLE, BF
HILTDHEEL HHITIE, Meta-Llama-3-70B-Instruct [Z2BWVNT 5~6 EVFDEF AR Y LEIRELSB T
EERALMICLIz, EFIEEVF(Q2~Q8) LB EILBEEDERER1ITRT , RO, B ELEIND
GPU AEYETH S,
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1. WEETSH GPU AEYEBELBEDM R (Q2~Q8: EFILEVIED

3)TOVTrREDEFLIKFIED AL
TOUTRREDEVCLIBELLREDEFILIKFEEEZHSMILIZ, 5 EvbEFLDEETIE. 7OV
TrOREMR R AROEN BT EEBHESM LTz,

(BZ 70 TRl P1):
LUTOTFFANMIEMNE-ERERRFIIC
JSON R THELL. ATREZRFR Y 55 (3
HLTIZELY,
(370> Tl P2):
UTDTHFRAMIENMM-BRERFRTIICE
ML THESR%E JSON X THELEL. &
TEMATRPIRRLTLIEZEN BHIE
RORERAE, ZHE. TNM 58 RT7—.
B ERGL, BEFERLE(COVTHEMIC
HHLTTZE,

2. 7OV TrDEVCLSBELEEDLE (P HIEE . P2 MEE)

4)ESHEEREETILOBRBICEITHREDHEL
BAREALVFI—ITEVRITEHL TS Llama-3-Swallow-70B-Instruct. S5ICCNEFERBEIZT7
A2Fa1—=2% L} Llama3-Preferred-MedSwallow-70B 2D T, #EiE{bLEEDE FILIKTFEEEFMIC
BREELTZ(® 3 RUE 4), #ERIF. REBETEEICL—=2F 3Nz LLM IR UL THABTORGEEETS
ELHBICEHBELLEDMHREICERT, BREDES . TOMREMETTEIEMNBHLMNELEST,
NITHUN S 2= REBEREBEDRENZHIFL DD BREBIERICHSENEERTHLIGN—ZV T D
MEEIToTLVD,
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3. AAREMGEINFEETILEEELEEDRR

X4. BAE#RGENEEETILEE SR EDEM

5) &L EERIID B EE
EE1VDOFMEAXZEZRANT LLM OREEERELZHETSDICAFTIToTERELA, ChETATSLIZKY

BHHIETS7TVr—a>DRAKICEFLTVWS, FAEIE. U TORTYITTEDHDIFETHY . DDRTY

TERTLTWS,
ORTYT 1 LR OARIHHEL-BHEBELREFIVIETOISLTER

@QATv7 2:LLM O#iEtE2—ENHKXICEEILT 2 AXDER
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@RTYT 3: SHRFEFEDAMEL LDI T—RICERRITKLTED HEBELRETFVIETREICT D
AXDERE

EEBLUSHERDRE
AARDMEABRETIE. MITOEFETICEVWTERSEHTO LLM RS LWERICHESIRESHKITHIATEE
P& EHE L1z, Llama3.3-Swallow-70B ETIILZALY, FEAILTHROZBEENNPMFZEETILERE,
BEET—2HBICENT, BRORERE. HIE. 325C. Stage 2. EEEMISEVHIERERRITH -1
IR R IREL . R ZEDT=,
Meta #1® Llama ETILER—RICEFLNBEZHELIHER. 5~6 EVEDRELTHEERDN\SURIZENT
W F. TAVTIRELDHAEDOERETEFILERORBRENEET 510 MR NBEMIFICT
AIRTHAHZELRALMIZET=,
REETIOBARELRAICAELTIL, Llama3.3-Swallow-70B & U Llama3-Preferred-MedSwallow-70B
DRIFERN S, BARBICKIBHEEE LB RICEOBRIEZIBUERLHY. EKITTE IO EBRRIRIZEST
BALSAVDRELDFBIDZENTRESNTz, SNl Meta #DEEFBETIVICHLEBETIHER T, BREBEOE
BEICERYTAREAMNGRETHLAREENH S,
BELLRBERIIOE LTI, FHERE - RERIIMETHA-TEY —ILOREZEDHTEY. LDI OKXR
BT —RIb G TERRBEEETTHS, SERIIERFA LLM OFERZRIEA. R LOBELLT
AR EMED,

EX)

RETEMFET SN LLM ZBXEICERI IS BEOBTNRONSA. ChIFAREEXORFELE
HRNGERIRBAERTHS, CNITRHL T, KRR TIEIF-AT7IoFa—=U FEEEAL, BRERE
RADISEREFZKIFICRALIESIEITHEIILT,

FDOFEIEL, LMSYS-Chat-1M DXt sEEEZEFERL. Llama 3.1 405B Instruct Z AVVTAREDINEXEHH
ERTHED, KT, Llama 3.1 70B ETILIZKDRAT ULV EHEICKYRBOISEZ R TS IEFHEAA
AT AT, EEPTTRMEDHIIERI-GEXEITNR) VT L. FET 22RO REEEHT-.
CO—EDIFEIZLY. Llama3.3-Swallow-70B [CEWTHEBEAREIZHEHIEL= 7M1 Fa—=V 0 NElEETH S
CENTEN, EREETORRE LLM RE(CAT-EELREEE-.

S#&IZ. LLM O BAERGZEROMRESLENFILOD. EEEET IV OREERTEHET SRR
A ROOEND, A EORREE. BARGE LLM OEBREMELTERNSDOER ALARICLEHMKLSS,
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TSUBAME #RFA ®H6FE ZMFRA RERHKEE

FAFRESE KREIILFEFILETILORERRESLIVGA
# 3 :Research, Development, and Application of Large-Scale Multimodal Models

FAREERSE
FHEF
First name Surname
Shuhei Kurita

g
EERFATA
Affiliation
National Institute of Informatics
URL
https://www.nii.ac.jp/

P8R (300 FFRE)

APERETIE, EHRICTEERETEEELEBICIECTEEZERTS. EHRATOEBRETILERE
LTHEZETol-. EARMIZIE, —ATBEAHEZEMICL. EE-BEZANELTEHERINZHES LUVEN
EFRTAEBETILOEREZSH =, EE(THXAMN IS, HOALOHHEEIN-BIERIZ . BAEEF
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This research project aimed to develop a foundational model for the real world that understands
language instructions and generates actions based on the environment. Specifically, using first-
person perspective videos as subject matter, we created a foundational model that extracts and
predicts action sequences using language and visual input. By training and generating pre-extracted
action sequences from language (text) using a pre-trained 3D language model (3D-LLM), we achieved
pseudo-action generation. Training was conducted using the TSUBAME computing environment.
The results were presented at CVPR 2025, a top conference in the field of computer vision. The
obtained model and dataset can be applied to the creation of future robot base models.

Keywords: Vision and language model, Large Language Model
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#H 3 :Image generation model to solves the ethical problem of data
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In this study, we aim to build a text-to-image generation model that fundamentally addresses the
ethical issues of training data through a two-stage pre-training approach: (1) pre-training using
pseudo-images and text automatically generated from mathematical formulas and other generative
rules, and (2) continued pre-training in the second stage using only real images with teacher labels
whose rights and provenance can be fully traced. Recently, image and text data collected from the web
have often contained ethically harmful content, leading to ethical reviews and, in some cases, the
suspension of not only the datasets but also the release of trained models themselves. This study
attempts to provide a fundamental solution to these ethical challenges in the Al field.

Keywords: 5Df2E

Generative model, formular driven, ethical challenges, pre-training
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This study explored the construction of drug discovery support models by integrating
multimodal biomedical data using Al and machine learning. Leveraging TSUBAME, we
conducted protein sequence analysis with ESM-2, gene perturbation simulation with
Geneformer, graph contrastive learning for regulatory networks, multimodal model
construction to predict rat toxicopathological findings from toxicogenomics data, and
medical image analysis using CT/MRI. The results suggest the potential utility of multimodal
data integration in predictive modeling and provide a basis for future development of drug
discovery frameworks.

Keywords: 5Df2E
Drug Discovery,

Graph Neural Network,
Medical Imaging,
Multimodal Data,
Protein Language Model
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With the rapid development of earth observation systems, massive amounts of geographic data
(remote sensing imagery, points of interest, local climate zones, soil types, etc.) are being acquired
daily. To effectively extract and comprise useful semantic knowledge from the heterogeneous data,
we need to develop a large multi-modal model for collaborative environmental monitoring and urban
management, meeting the United Nations' sustainable development and digital city goals.
Regarding the whole of Japan as the starting point, we hereby apply for super-computing resources
to develop a large multi-modal model, automatically achieving sub-meter land-cover mapping, city
planning guidance, and agriculture management.

Keywords: sustainable urban development, vision-language model, remote sensing
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Viruses evolve at a remarkable rate, altering their antigenicity to evade the host's acquired
immunity. Therefore, to supply effective vaccines, it is necessary to select vaccine strains that are
effective against the latest circulating strains based on antigenic changes in the virus. The
antigenicity of a virus can be evaluated through neutralization assays and other methods, but
theoretically, it should be possible to predict antigenicity solely from the sequence of the antigenic
protein. In this study, we developed the antigenicity prediction AI model "PLANT" for seasonal
influenza viruses, aiming to establish an antigenicity surveillance system based on viral sequence
information and a more efficient vaccine strain selection strategy.

Keywords: 5Df2E

Al, Virus, Vaccine development, Infectious Diseases
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Development of a Deep Learning-Based Technology for Boulder Detection on Asteroids
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To accelerate the process of boulder detection that is crucial for both science and exploration mission
purposes, machine learning models such as Mask R-CNN have been applied in recent studies. In this
work, we aim to improve the detection of small objects by replacing the backbone of Mask R-CNN with
a Transformer-based module from conventional CNN module. We confirmed that our approach shows
better capability of detecting smaller features. This indicates high possibility of Transformer module
for improving data analysis in asteroid exploration missions.

Keywords: Transformer, Mask-RCNN, Asteroid, Boulder detection, Remote sensing
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3k CNN #& 1 (ResNet-50) A5, Transformer #&i&
# R — R &9 B SOD-Former ( Small Object
Detection-Former) [CEZEMA5ETILEHEBEL. T
DHEREZ LEBEHREEL = SOD-Former (&, Residual
Hybrid Attention Group (RHAG) &M (X h 5
Transformer 7AvY% 8 BHAAATZEBEEES.
CNN EBThHAIBEDNHEHMEL-RTHLILEEZE
AKOXIRIEIRZFALGEA S NESLEYHEDEE IR
BlEEh TS,

4 68 &7 ffi IZ (& Recall. IoU (Intersection over
Union) . Overall Accuracy (OA)ZBAWLTITLY, /h&
BRILE—EROILTB=HODEERDIRT—)0T
DEEQE. ABDICLH>TRENRLLZLEHo1=1
DD, 2 FEHAXDERIZELT, SOD-Former &
Recall T#) 2 f&. IoU TH 20 KA+ LRI S REE R
L1z 4 B YA XTIEEETILEIDZ (EHE/NShi=hY.
ZNTH—EL T Transformer R—XDETILDHH
ZELTEVMRH S REZR DO ENERSNT,

AMEDHERIL. Transformer R—ZADETILH
INEREREOEGBEN . FISNSLRILE —DR T
[ZHELT CNN R—2DREFERFIVLEHENDOE
MTHACEEZ TR T EHLDTHS, SOD-Former [
ERPOEIILEOREGREELERICFE TEH
O EHTHBORENFETHA/NEREREICEL
TLEMTHSEEZLND,
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BRELUEBE

ARAETIE, DREFEERICBITH/NSLGRILT —D K
HigeZmR LS E5HIEFBMEL T, Mask R-CNN JL—L4
7 —21Z$11% Backbone 85 %. #EED CNN #E&
(ResNet-50) i, Transformer f&&EEN—RET S
SOD-Former (Small Object Detection-Former) [CEZ#Z
DETIVEREL. TOMREELERIILT-,

O AT —4LATNE

T—RELTERLEZDIE, INEB 2w T oIcEHINnT:
ONC-THASIZ&>TIREINT-FIIREIE 228 M TH 5. RS
BEE 5km UTICREL. HROIIKHBABRICRIATEIE
BEHMBL-, FREEIL 1024%x1024 EYEILTHY . £ITHZE
(Seki et al., 2024) (4L Sigma AV S AN K B5ESAME
& U Wiener F4ILRIZEBIXOFREZRINIELLTIToT=,
EfgIE. AV OF I 4 X, Half(512x512) . Quarter
(256x256) [ZREIL. ENENICTOVWTFE 7 /T—3avT
—4(Kouyama, 2025)Ext G+ E1To1-, RIEMIIZ 117,676
BT/ T—avEE8REE T2y EBEL. 2EET
AMZ 82 THEILT=,

OETIVIEE

AMHAETIL, Mask R-CNN OI7L—LT—II1ZET,
ResNet-50 R—ZXDET)LE SOD-Former N—ADETILE
teBE L1z, SOD-Former &, Residual Hybrid Attention
Group(RHAG) £MEIEN % Transformer 7Oy % 8 BHEA
AATEEEEES(E 1), CNN BTHARREDHHHHL:
B THAVEBZREADXARERZERALLGAS, INEYMAED
BEICRBELEIN TS,

1 %95 RHAG JOv/ZEGRHMBEES 21—
Ff-. RPN (Region Proposal Network) [ZHLVTIE, /&

HEBRIZH T S Anchor Box 44 XD &ELEITLY. EF

DT /T—2aAV DA XRTIZERTHLIALEMA /=,

OFHli FIRERERIER



2 |12 Quarter FHTORILT —EEFBER D%

G

2 SOD-Former N—XDETILERAW=RILSY —

RH SR A

4 #E 5T fi 12 (X Recall. IoU (Intersection over
Union) , Overall Accuracy (OA)ZFHWLNTITHoTLY
%, Half & Quarter DT —#EYMIRLTERZEND
FEEEDHEREFLDDEUTOT—TILDELSIC

3%,

& 1 Resnet R—RX & SOF Former RA—ADR)LE —
BEFEE LR (SOD-Former % SOD-F &529),

Resnet SOD-F | Resnet SOD-F

Dataset Half Half Quarter Quarter
Reacall 28.98 59.55 68.86 72.09
IoU 46.91 68.48 85.44 83.23
OA 76.02 84.32 79.22 79.35
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E D EHREENT . FHI/NSEARILA —DREIZE LT CNN A—
ADRKRFELIVLEREN DTFEER THASZLETET HLD
T#H %, SOD-Former [EEBRFDOE)LEOBEFRMEELE
HICFETEL-H. ERTBORENEETZIRER
AmICBLTHAEMTHoI=.

F7-. Quarter YA XDEE TIE CNN ETIILEDEIHEE>
F=ERITE. BIRIZ/NESOPETE CNN THH 274 H
MAREE B — A H B ENEZONSD, —AH T, Half H
B LSRR BERETIL, Transformer O I AREFRRE S
MEYSIRMIICHEEL . BEZE M REM EIZ DA S TLVS,

FLH, SEROFE

ARETIE /NREFREEBRICETH/NILGRILT—DKR
HifgeZmR LIEHTEFBHREL T, Mask R-CNN JL—L4
7 —2128 175 Backbone B %E. KX D CNN #Ei&
(ResNet-50) M 5, Transformer #EEEZN—X LT B
SOD-Former IZEEMZBZETILEEEL, TOMHREEZ LR
FREEL . Transformer #EEZRYALIETHERLENRON
HILEHLMIILEZ, SR, SHITHD/NREEEZEADE
FA#xEHBEELIZ, Segment Anything Model (SAM) % &
DEBETILEMEZRMYAN., thik EOFERUT—2L8HE
OELEBRFRICLIFEMLEZRAASFETH D,

(2 Half 4 XDEEIZE LT, SOD-Former (& Recall T
#92 . IoU TH 20 KA+ E RIS HEREFRLT=, Quarter 4
AXTIEMETILEDE (FfE/ ISz, ThTE—ELT
Transformer R—ADETILDANRELTE VR EHE

FOIEMNHER ST,

OF%

AFEDOFERIL. Transformer A—ADETILANRER
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3 X : Direct numerical simulations on the dissimilar turbulent heat transfer
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£H thX

&
ARAIZKE TEHEFR
URL: https!//www.omu.ac.jp/eng/htlab/

T IVEDA L LRIV (K-H:Kelvin-Helmholtz) B & E K F#E O KIREBEH AL R RMREICB T SREZ
EEBIERITICESTITof-. AMR T, KH FRERICSER T HERBELTREFIEH-0IC, RDA
SR> THRAMICHESNYTHZREEISHEL, VI FIOMROL A /LA HEEILSE TRREIGDHFEE
FEL:. TO#HER VIO LEIZIE, K-HARERISERLKFEBNFKEL, EEEHEAIVIHD
HTENALA/IWATFADT7IRAE1EREGEAT, BENGIEHELUGRRENERTELILTHALL:.
Fiz, LA/NWATFHFROT7I2INIIVIFELRELE)ITEROEFHREDLEERANTRY =T 52N
TELHIENHLMEGT-.

We discussed the dissimilar heat transfer control by the large-scale turbulence structure associated
with the Kelvin-Helmholtz instability by means of direct numerical simulations. We considered a
channel with the streamwise-aligned regularly distributed rib array to trigger the K-H instability and
discussed the effects of the Reynolds number and rib separation on the turbulent heat transfer. The
results show that the rib arrays allow the development of the large-scale turbulence structure
associated with the K-H instability leading to the favorable breakdown of the Reynolds analogy. It is
also found that the Reynolds analogy factor can be reasonably scaled by the ratio of the plane-averaged
velocity at the rib crest to the bulk mean velocity.

Keywords: Direct numerical simulation, rib roughness, Reynolds analogy, Lattice Boltzmann method,
Kelvin-Helmholtz instability
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H X : Theoretical computational studies of lattice defects in inorganic-organic hybrid crystals
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ARREIX. FBYFTF2 & ABAF 2N 3 REBFRKICEIILIZEEY AIHCOO)s DFERFRIHFET HF
YO FRMBISONT, BRI EERRT HEEAEHE T TOBECHHFELDOBEFRZRALAIZTHT
EZEBHIELT=, AIHCOO): DFERIEFIZEET ST H A F (H20 1 CO2) DIEEA, AIHCOO)s EDHHEE
FAZHLMNIT 578, AIHCOO)s M 2% 2x 2 BIRFDRFEMRIC, MEPERAEZERILSET AN FERE
L. IUZLE—FLEHEL, TORE. BEDEFHEKICENT, YA FA AIHCOO0); EKFHEEER
L. RELTDHIEADM O,

FE X ER (100 words F2E)
This study aimed to elucidate the structure and properties of impurities and lattice defects in
AI(HCOO)s. Impurity molecules such as H2O and COs were introduced into a 2x2x2 superlattice of
AI(HCOO)s, and their enthalpies were evaluated using density functional theory (DFT) calculations.
The results revealed that hydrogen bonding between the impurity molecules and AI(HCOO)s stabilizes
these impurities within specific interstitial sites.

Keywords: MOF, Formate, Aluminium, Impurity, H20, COz2, Inorganic-organic hybrid

BEREAM M=
BRABNADVINHERO—ETHIZAMEREE  AlOH): EXEERALBKRE 100 °C T 24 hER
K(MOF) &, EBAAVERMFNLHEHEMAIZY  $5H2ET AIHCOO) s &ERLT=. ERLI=Y LTI
FAERBIICHERTHTLET.2 REP 3 REDER T FHNDRELHER X REF (XRD)BEERNT
BEEMET D, H—LTHMMAZLOENHHT. 0 SWLEECH HEREBEDIC H:0 © CO: ZFHME
B - BT RS - RO ERRATEHEREZ R T . MOF @ LTEFRITH e BB FICRET HTM
HBREFICE. EEREEYERKRICRFOESIE MHFDEEPL AIHCOO): EDHEEREBHLAIC
NORMBDFELTERIN TSN, EQXIGHEE 95718, AIIHCOO0): D 2% 2 X 2 B FHVERLL . #&
DRMEHDFET 0O BFRELIMBYEICRIT FERPIHELRMEELSELTAN FEERE
FEIL I OM>TLVEL, Tz, MOF DiERIEF L. BEEMAEZRE L BRFEMAIDFET
BIZEKGEDTFHYABRZITRAL. REGEDY IWDIVEE—DEMNG, AVE—HL—2avIZ&d

HICHEERITT, IVAIWE—ZIL (A H)ERDT=,
FLCARBER., XY FT7A2 L ABAA U= AI(HCOO); D RIBEICHEETIEMRIK. XEED

RIEEFRICEFILEz AIHCOO0)s IZOVWT. HFR  H BFNEEOAFI~NFEL=H0 (Void_inH) &. 4+
feoRfimczesOERBELT. BEABYEDFD HI~REL=HD (Void_outH) D 2 FBEMNEFET 5. %
HEFAVTETIVEL. RREBELTZOEEY T.ZATIhOZERICTYRAM FEEREL. AHZL
MEICRIFTEETHLNITEHIEEHMLT, BLIz&ZA H:0-CO2 73 FEHIZ Void_inH DAH
160-190 meV RETHAH_EMN M7=, Void_inH
ANDAVEA—AL—aV HAREILT HEEAE. CO: D
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O RFEXED HIRF.KDFD HRERFEXED O
RFTKRKEHEEEZHRTES-OTHD. —F.
Void_outH TIIWTFNDETILELKZHKEDREIE
HREINGI o=, KEETILED AH DEIFH 60
meV THA=O . B FHEBERIZT AT FOREYS A
FSEOMNFET HAREENEZ 5N S, AI(HCOO);
BEREFICBTIH0 P CO: N FNRREEEEHH
LMTT B T AN FOEANENCERZE L
SEHRABETIVCTAHEZHESTHS,

HEICAW= AIHCOO):s DEBEFETILER 1a (2
T COBEFIL Z= 64 THY. BFHIZHEETS
1 DOEFREMIZ H20 Fz1& CO: % 1 B FEIFHEA
L. BFERERFHEEDRBEILFTEEITo=, 7 AL
DFOMEEZDER L, B 1b[2RY 5/83—2 %1
L. BEBRMHETHEONZTRETNLDOIVFIILE
—%% 1ITRY,

E. 1 (a) AI(HCOO); 2X2x2 BI&FDIERIEE.
(b) HoO BEU CO: D FEHEFRIMBIIHEALI-BEE
FIL

% 1. AIHCOO): B FETIILOEBERMERR

Model Void type Enthalpy /eV ~ AH/ meV
SL-Orig - —5871.5524 -
SL-H20-A Void_inH —5886.3395 —488.7
SL-H20-B Void_outH —5886.1142 —263.4
SL-H20_C Void_outH —5886.1760 —325.2
SL-CO2-A Void_inH —5895.7402 —524.6
SL-CO2_B Void_outH —5895.5742 —358.6

AB—HL—2avIc&BIURIIE—TIL(A R IE
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AH = H (SL-Molecule) — (H (SL-orig) + H (Molecule))
(eq.1)

ZZT. HSL-Molecule) &7 R+ FEIBEA LB
F. HSLOrig) 7 A+ FHLDEEF.
HMolecule) (FHMILLIz7F AR FDIURIE—%FK
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RFRIEEEAS 2.33 A THY. MBINKEEESEHHK
THIENTREEINT -, £ H20 ITDWVTH HIEFE
FBEO O RFORFRIEMA 2.43 A THY. mHEMH
KEHEEZMHT HEHEEND,

Void_outH Tl&. WFIDETILTLKEHEDR
FISFERSNT . BETILREID AH DZE(FH 60 meV
THoT=. K XRD DJ—ENJLMEFIZENT,
Void_outH [Z4>48—AL— a2 LT= H20 45 CO2 %
FORTARA—F—ICE > TR FERPIZELS AT
PRERE/THY. LRDHERRIERBEREXH
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FLH., SHEDOEE

AEREIL. AIHCOO): MEHFIZ H20 BKU CO:
DFERBAL. TOIUFIE—DSAUP—HL—3
CDOEEEFRILIz, AIHCOO): IZH+5 H20 *
CO: P FNREEBEZHALNTH-H. HFD G
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DFEEREDME LZEISERATRETHS.

In this study, we investigated whether trained LoRA adapters can be transferred across foundation
models with different weight bit-widths. Specifically, we showed that LoRA adapters trained on
foundation models quantized to low bit-widths can still function effectively when applied to foundation
models with higher bit-widths, using multiple tasks and models. We demonstrated that even adapters
trained on 4-bit or 3-bit quantized foundation models can achieve inference accuracy comparable to
standard LoRA trained at 16-bit precision, by restoring the foundation model to 16-bit at inference time.
This approach can be applied to enhance the performance of pre-trained QLoRA models and to
accelerate LoRA training by expanding the batch size using memory savings gained through

quantization.

Keywords: PEFT LoRA, QLoRA, Quantization, Transterability
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AFETIE. D TSUBAME4.0 FIAZELCTEEAF® VHH ih—IRB Y F—LEEEDO MD ¥ 3aL—3
VT —REBMBTL. MM-PBSA F&EAT AL THREBHIRLY—E2ESMIFHEL . BITORKR. £8
BAOFECEERMLOENABRAMECKREE R T—JICKEHEL. RMMER LEARICT 573
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In this study, we reanalyzed existing MD simulation data for a VHH antibody—hen egg white lysozyme
complex using TSUBAME 4.0 over a short period and applied the MM-PBSA method to quantitatively
evaluate binding free energy. The results indicated that the presence or absence of mutations, as well
as differences in mutation sites, significantly impacted electrostatic complementarity and
hydrogen-bond networks, suggesting the effectiveness of amino acid substitutions that enhance
affinity. Furthermore, free energy decomposition clarified the factors contributing to complex
stabilization at the molecular level. We plan to compare these findings with experimental data and
extend their application to a broader range of variants to establish more precise guidelines for
antibody design. These outcomes are expected to further refine antibody engineering and contribute to

drug development support.

Keywords: MD simulation, MM-PBSA, Antigen-antibody interaction, mutation
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X% (100 words F2 &)
Exosomes have gained attention as a drug delivery carrier, but their specificity and membrane fusion
efficiency are still challenging. This study aims to promote cell uptake and targeting by grafting
functional peptides onto CD63, which is presented on exosomes. The extracellular loops of CD63 were
found to have relatively low fluctuations and were suitable for grafting. Grafting model peptides onto
these loops showed regions where expression changed compared to wild-type CD63. Therefore, we
equipped targeting peptides onto regions with minimal changes. However, binding to the target
protein was not confirmed, suggesting that structural fluctuations may be crucial for target protein
binding.

Keywords: 5D12E
exosome, graft, peptide, CD63, fluctuation,
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