Leveraging LLMs for Practical Research Applications

2024, 08. 29.
et X|17 =8+ O|Xd

clemm o= LI [ENIAN
pppppppppppppppppppppppppppppp



CHOIEY 21C 98101 oK 4 LI OIS BRI 0D Bt ey

&

‘rﬁ{fﬁ K

ALUMN!

[ ]
WSt nMSaE eIt dEz HdHxt
bt EetaE sy d7as Euviad SEHATL
’01 ‘02 ‘03 ‘04 ‘05 ‘06 ‘07 ‘08 ‘09 “10 ‘11 ‘12 ‘13 ‘14 ‘15 ‘16 “17
N BIG|O|E{ TFT Al
HO|E =41, Community
UASXs
Hio|E 7|tk

A Ezojd EE My ¥ =4

>
>

T 3D Modeling

3D Visualization
(Bt ®H= 3H)

3D Visualization

(&% 7F HAHLIFT)

(]
D 3D NAND

Spin Dynamics SR MRAM

Spin Device

14\‘-‘1~ o0 1

AFM HXS 0] (TEM) | Appl. Phys. Lett. (2012) Adv. Mater. (2013)

Peéa Dev’Oé

https://jehyunlee.github.io/

SR Ux| 7| EAT A

’18 ~ Sl

Tl
2ok
rron &2
A

ok
[ a0

m M Oy ij

oC of 0

400 HO

nz v g

o

(A
o
o
N
nz

B+
b 3
ok

L]
\J
--

* doroM

e of
r

.

re 2 rir o

1 ofo Fio oy
o Wjo

M

N
e
A =4

ol Jet
o
12

1}
1% ofn
ot

2l
=

(pe gl
HIrE




Jsle J=IL|C

EOEATIZ

Al Creator x TETEIE 3|
2024.01.

MECHEtm | S E3|
2024.04.

MECHstn DjciS 3
2024.04.

rlo
o
HO
L
40

AAICON2024
Byaf £

2024.06.

7|cr



| lar

. ;F" .-""'f‘ ".';l.
- N A ”.
o
- '

O wpat / or204|L4X| 7 | &2
. 'EHEAO? 2= AEoE Y (71 E) MM Weh|
o =571 1 710 Tt B M, O] TAIZ 18 TS
Moz FuWsLILCE

‘H"'\-\_







d. He is'almost
ext to him a pile of

in front of him:a monitor, bright in'. hite is p

Image'_by'..le'hyun LEEE@DALLE3. “phot9§.raph- F ;
: Bfte, very low contrast. horizontal‘asgect ratio.

erying, with anger, The night sky through-ti¥&
papers are stacked high above his head.”



?q
oo T et

WA

5 - e b e it T 1= . f |
Image by Jehyun' LEE @DALL.E3. “photography.0f#e Korean graduate student working alone in wide laboraton
_placed on experimental cart, as well as lo



Image by Jehyun LEE 3..-“A photography styled image featuringsas<orean crass udenTy Y o e < hail, € 5 iting his p'apel‘a. laptop. The setting is a
clean and bright café e works alone, his attention rix 5i R aclAraorica ith_ ] ice is foc ad atop some documents next to him.
Around him, couples afe seen together; tightly embiacing:“Sungs S cawe ambiance . i ancompassing the graduate student.
Outside stands a clear, bright sky. Some Caucasi@n'spectral figliressar e eyes. vlonde.haikandsais ikh protruding tongues. The entire
scene is captured in a muted tone and low contrast.”




4, 2|25

Image by Jehyun LEE @DALL.E3. “photography of a lonenly Korean researcher {rear view} Standmg on top of the' mountait sponds even the echo. At the bottom of his feet
the peaks and ridges are hardly visible among thick white cloudsmute tone, low contrast, horizontal aspect ratio.” ' '







JJ-;'J‘:' fa[-'T{r-wider leaked out from a hum@



Image by Jehyun LEE @DALL.E3. “pop art of a brain-shajelly being shattered into everywhere, in multiple color horizontal aspect ratio”



A2 A2




14

X

%0

ofo

=t
=

Template

A2 A2




GPT7} &t 4 Q=

b + Tool Calling
ZHAH
a

ue

ot GPTs ac ol



H1E o= Al Apps



ot

0|3, AAICON 2020, “Open APIE 8% 114 =2 2" https://youtu.be/watch?v=js4Lh2RI5YM&t=20804s , & 21 Z 2| 55+3|
O|A|3, MODUPOP, “d4o| E23HEAM 7| £+2”, https://youtu.be/fuyOoDBZc1k, 252 H14

Jihoo Jung and Jehyun Lee, Energies 16 (2023) 33, https://doi.org/10.3390/en16010033, AFORE 2022

Pega Devlog: ¥7-2 GPT OIS 7| - =25 S https://iehyunlee.github.io/2024/06/19/General-56-customgpt/

Pega Devlog: 44/ Al ¢ 2H2 SHA|2} 2|2, https://jehyunlee.github.io/2024/05/24/General-53-genaipapersurvey/



https://youtu.be/watch?v=js4Lh2RJ5YM&t=20804s
https://youtu.be/fuyOoDBZc1k
https://doi.org/10.3390/en16010033
https://jehyunlee.github.io/2024/06/19/General-56-customgpt/
https://jehyunlee.github.io/2024/05/24/General-53-genaipapersurvey/

2024.08.29, st=10f|L{2|7| = H 14 O|A|3 jehyun.lee@gmail.com

Data Scientist @KIER incl. Failures

7| Ak =2
E-||(I)|E-| Ci|o] £

HHE{ 2] H|olE




¥ maL goo| =22 U2

keywords

abstract, figures, tables

Introduction, conclusion

methods,
results & discussion

references

Judge:

Q27 Lt

Reference tracking : 2t

ﬂ
I_l

(=
Ly dl

Intensive Reading : 4=

1 p2}7}7)

SN EES

Throw away : BtC}



in
]
]
=
e
rir
Mo
m
H [
oly
o
rx
_)IJ_l
T
U
o
X
1>
i

Average Paper Length over Time
Average Title Length over Time o P g
= 120
[ ] l
=5 a2t .
15 1 50
®
1.0 é 13
= wn 40
8 % i
S 105 g
= 12 s
2 ] 151
H Y 00 H 230
i 3 2
<s E n £
§ 2 95 g 220
g 2 ™
3 g 10 3
s g 20 &
3 < 10
E 8.5 9
8.0+ 8 9 T T T T T T T
1950 = 1960 1970 | 1980 1990 2000 | 2010 1950 1960 1970 1980 1990 2010 2013
0
1800 1820 1840 1860 1880 1900 1020 1940 1960 1980 2000 7. T T T T T T T T Year Year
Year 1900 1820 1840 1880 1980 2000 2020
Year Percentage of Multidisciplinary Papers over Time
Number of Munldlwlpllnnry Papers over Time 50%
1,100,000
45%
1,000,000
800,000 i 40%
g
n a
3 s — r oo § wn
F od ] % 2 700000 s
K ics [ & g @ 0%
8 2
3 ooy [N 5 £ 600000 3
& nce u 5 .
4 § 500000 -
£ £ s
& 2 400,000 & 20
v z . é\ 20%
& 300,000 s
£ 15%
En 5
200,000 L
10%
100,000
o 5 10 15 20 25 2
Document count (millions) T 1 5% T T T T T T T T T T T 1
100 200 300 1800 1820 1840 1B60 1880 1900 1920 1940 1960 1980 2000 2020 1800 1820 1840 1360 1880 2000 2020
Number of Waords in Abstracts Year Year

Herrmannova, D., and Knoth, P., “An analysis of the Microsoft Academic Graph®, D-Lib Mag., Vol. 22, No. 9/10, 2016, https://doi.org/10.1045/september2016—herrmannova
Fire, M., and Knoth, P., “Over—optimization of academic publishing metrics: observing Goodhart’s law in action”, GigaScience, Vol. 8, pp. 1-20, 2019, https://doi.org/10.1093/gigascience/giz053



-

A

=2FHE: S

N

27 ©Hof, 9

e
Mo

Abstract

Photovoltaic (PV) solar energy generating capacity has grown by 41 per cent per year since
2009, Energy system projections that mitigate climate change and aid universal energy
access show a nearly ten-fold increase in PV solar energy generating capacity by 204023,
Geospatial data describing the energy system are required to manage generation
intermittency, mitigate climate change risks, and identify trade-offs with biodiversity,
conservation and land protection priorities caused by the land-use and land-cover change

necessary for PV deployment. Currently available inventories of solar generating capacity

commercial-, industrial- and utility-scale PV installations (that is, PV generating stations in

excess of 10 kilowatts nameplate capacity) by using alongitudinal corpus of remote sensing

imagery, machine learning and a large cloud computation infrastructure. We locate and verify

68,661 facilities, an increase of 432 per cent (in number of facilities) on previously available
asset-level data. With the help of a hand-labelled test set, we estimate global installed
generating capacity to be 423 gigawatts (-75/+77 gigawatts) at the end of 2018. Enrichment of
our dataset with estimates of facility installation date, historic land-cover classification and
proximity to vulnerable areas allows us to show that most of the PV solar energy facilities are
sited on cropland, followed by aridlands and grassland. Our inventory could aid PV delivery

aligned with the Sustainable Development Goals.

ALel0] £41 29t : 81 Chof

Photovoltaic (PV) solar energy generating capacity has grown by 41 per cent per year
since 2009. Most of the PV solar energy facilities are sited on cropland, followed by
aridlands and grassland. We locate and verify 68,661 facilities, an increase of 432 per
cent (in number of facilities) on previously available asset-level data. We estimate
global installed generating capacity to be 423 gigawatts at the end of 2018. Our
inventory could aid PV delivery aligned with the Sustainable Development Goals.
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Abstract

Photovoltaic (PV) solar energy generating capacity has grown by 41 per cent per year since
2009, Energy system projections that mitigate climate change and aid universal energy
access show a nearly ten-fold increase in PV solar energy generating capacity by 204023,
Geospatial data describing the energy system are required to manage generation
intermittency, mitigate climate change risks, and identify trade-offs with biodiversity,
conservation and land protection priorities caused by the land-use and land-cover change
necessary for PV deployment. Currently available inventories of solar generating capacity
cannot fully address these needs?22456752 Here we provide a global inventory of
commercial-, industrial- and utility-scale PV installations (that is, PV generating stations in
excess of 10 kilowatts nameplate capacity) by using alongitudinal corpus of remote sensing
imagery, machine learning and a large cloud computation infrastructure. We locate and verify
68,661 facilities, an increase of 432 per cent (in number of facilities) on previously available
asset-level data. With the help of a hand-labelled test set, we estimate global installed
generating capacity to be 423 gigawatts (-75/+77 gigawatts) at the end of 2018. Enrichment of
our dataset with estimates of facility installation date, historic land-cover classification and
proximity to vulnerable areas allows us to show that most of the PV solar energy facilities are
sited on cropland, followed by aridlands and grassland. Our inventory could aid PV delivery

aligned with the Sustainable Development Goals.
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Here we provide a global inventory of commercial-, industrial- and utility-scale
PV installations (that is, PV generating stations in excess of 10\xaOkilowatts
nameplate capacity) by using a longitudinal corpus of remote sensing imagery,
machine learning and a large cloud computation infrastructure.

With the help of a hand-labelled test set, we estimate global installed generating
capacity to be 423 gigawatts (—75/+77 gigawatts)\xa0at the end of 2018.
Enrichment of our dataset with estimates of facility installation date, historic land-
cover classification and proximity to vulnerable areas allows us to show that most
of the PV solar energy facilities are sited on cropland, followed by aridlands and
grassland.
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Fig. 3| Pre-existing land cover for new solar PY Installations. a-e, Panels
show the locatlon of Installatlons (a); the time serles of Installations (b): the
distribution of Installation sizes by land cover (c): local blas (d) between PV land
cover and localland covers, where the local land covers are those lving within
the same 0.5% = 0.5~ grid pixel: and global blas {e) between the global land-cover

distribution and the distributlon of all PY-contalning plxels. A positive blas
Indicatesthat PV Is preferentlally Installed onthis land-cover type; a negatlve
blas indicates this land-cover type Is avolded. Country-level analysiz s avallable
Insupplementary FIEZ. 10.
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"Fast Flow Future for Heavy-Duty Hydrogen Trucks"

URL : https: //www.nrel.gov/news/program/2022 /fast-flow-future-heavy-duty-
hydrogen-trucks.html

keywords : Hydrogen, Diesel, Fuel, Truck
keyphrases: hydrogen fueling practice, HD hydrogen system, hydrogen HD, Hydrogen
storage, HD hydrogen, hydrogen compression system, Hydrogen, Green hydrogen,
new fueling protocol, HD vehicle
g% (Z2): FE MY X HF2(National Renewable Energy Laboratory)=
MWREL 8] 04 X] Al ET Al (Energy Systems Integration Facility) A &t
715& MESHH H=(HD) AE A0 QRS v 928 43522 AU
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29 (&) : Mational Renewable Energy Laboratory has successfully demonstrated
high-flow-rate hydrogen fueling into a heavy-duty (HD) vehicle system using state-of-
the-art capabilities at NREL's Energy Systems Integration Facility. The achievement
contributes to U.S. Department of Energy and industry targets for HD fuel cell electric
vehicles (FCEVs) and infrastructure, which supports decarbonization advancements in
the transportation industry. The ultimate goal is to compete with conventional fueling

times of diesel vehicles (roughly 10 minutes)

Jihoo Jung and Jehyun Lee, “Information Analysis on Foreign Institution for International R&D Collaboration Using Natural Language Processing”, Energies 16 (2023) 33
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A review of molybdenum disulfide (MoS2) based photodetectors: from ultra-broadband, self-powered to flexible devices
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LITERATURE INFORMATION
DOI: 10.1039/d0ra03183f
Citation Download: BibTex, ,

PDF: https://pubs.rsc.org/en/content/articlepdf/2020/ra/d0ra03183f

Two-dimensional transition metal dichalcogenides (2D TMDs) have attracted much attention in the field of

optoelectronics due to their tunable bandgaps.

Malybdenum disulfide (MoS2) atomic layers which exhibit high carrier mobility and optical transparency are very
suitable for developing ultra-broadband photodetectors.

Malybdenum disulfide (Mo52) atomic layers which exhibit high carrier mobility and optical transparency are very
suitable for developing ultra-broadband photodetectors to be used from surveillance and healthcare to optical

communication.

This review provides a brief introduction to TMD-based photodetectors, exclusively focused on MoS2-based

photodetectors

ABSTRACT (FULL): Two-dimensional transition metal dichalcogenides (2D TMDs) have attracted much attention in the field of optoelectronics due to their tunable bandgaps, strong interaction with light and tremendaus capability for developing

diverse van der Waals heterostructures (vdWHs) with other materials. Molybdenum disulfide (MoS2) atomic layers which exhibit high carrier mobility and optical transparency are very suitable for developing ultra-broadband photodetectors to be

used from surveillance and healthcare to optical communication. This review provides a brief introduction to TMD-based photodetectors, exclusively focused on MoS2-based photodetectors. The current research advances show that the

photoresponse of atomic layered MoSZ can be significantly improved by boosting its charge carrier mobility and incident light absorption via forming MoS2 based plasmonic nanostructures, halide perovskites-MoS2 heterostructures, 2D-0D

MoS2/quantum dots (QDs) and 2D-2D Mo52 hybrid vdWHs, chemical doping, and surface functionalization of MoS2 atomic layers. By utilizing these different integration strategies, MoS2 hybrid heterostructure-based photodetectors exhibited

remarkably high photeresponsivity raging from mA W-1 up to 1010 A W-1, detectivity from 107 to 1015 Jones and a photoresponse time from seconds (s) to nanoseconds (10-9 s), varying by several orders of magnitude from deep-ultraviolet (DUV}

to the long-wavelength infrared (LWIR]} region. The flexible photedetectors developed from MoS2-based hybrid heterostructures with graphene, carbon nanotubes {CHNTs), TMDs, and Zn0 are also discussed. In addition, strain-induced and self-
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provide me 5 advantages of photovoltaic system over nuclear power plant, with

references published in academic journals.

MJ

Environmental impact: A photovoltaic system produces electricity without
emitting any harmful gases or waste products, whereas a nuclear power
plant produces radioactive waste that can remain hazardous for thousands
of years. In addition, the construction and operation of a nuclear power
plant can have a significant impact on the environment, including the
destruction of wildlife habitats and the potential for accidents. (Reference:
"Comparison of Life Cycle Greenhouse Gas Emissions and Water
Consumption for Electricity Generation from Solar Photovoltaic Array and
Nuclear Power Plant”, Energy Policy, 2017}

Safety: Nuclear pow. @ Jants pose a risk of accidents that can have
catastrophic consequences, as evidenced by the Chernobyl and Fukushima
disasters. In contrast, photovoltaic systems are much safer and do not pose
a risk to public health and safety. (Reference: "Comparative analysis of safety
management system and safety culture of solar power and nuclear power”,
Safety Science, 2019)

Scalability: Photovoltaic systems can be installed at any scale, from small
residential installations to large utility-scale installations. This flexibility allows
for a distributed energy system that can be tailored to meet the needs of
different regions and communities. Nuclear power plants, on the other hand,
are typically large, centralized facilities that require significant investment

: photovoltaic and nuclear

5, 2018)
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Tunable Solid-State Properties and Anisotropic Charge
Mobility in Hydrogen-Bonded Diketopyrrolopyrrole
Polymers via Automated Device Fabrication and

Characterization

Audithya Nyayachavadi, Chengshi Wang, Aikaterini Vriza, Yunfei Wang, Guorong Ma,
Madison Mooney, Gage T. Mason, Anita Hu, Yuzi Liu, Xiaodan Gu, Henry Chan,*

Jie Xu,* and Simon Rondeau-Gagné*

The optoel ic properties of semi: ing poly and device
performance rely on a delicate interplay of design and processing conditions.
However, screening and optimizing the relationships between these

for reliably fabricating organic can be an arduous task
requiring significant time and resources. To overceme this challenge, Polybot
is developed—a robotic platform within a self-driving lab that can efficiently
produce organic field-effect transistors (OFETs) from various semiconducting
polymers via high-throughput blade coating deposition. Polybot not only
handles the fabrication process but also can conduct characterization tests on
the devices and autonomously analyze the data gathered, thus facilitating the
rapid acquisition of data on a large scale. This work leverages the capabilities
of this p toi igate the of OFETs using hydrugen
bcmdmg- ini iconducting poly Through high-tt
fabrication and characterization, various data trends are analyzed, and large
extents DF:msotmplc charge mobility are observed in devices. The materials

areth ized to the role of processing conditions
in solid state and electronic properties of these organic semlmnduckus The
ﬁndmgs the effecti of and
i e in ing novel structure—property
lationships, facilitating refi of rational chemical design, and

processing conditions, ultimately leading to new semiconducting materials.

1. Introduction

Organic  semiconductors, especially a-
conjugated polymers, have emerged as
a promising platform for innovating
technologies in biomedical applications,
advanced manufacturing, and energy
production."™ The diversity and effec-
tiveness of these electroactive materials
stem from the broad spectrum of molec-
ular structures achievable through careful
chemical design and processing methods.
These approaches can facilitate the creation
of materials endowed with unique prop-
erties and features such as fluorescence,
mechanical compliance, and solubility in
environmentally friendly solvents.I**! No-
tably, the constant development of semicon-
ducting polymers has led to material that
can outperform amorphous silicon, with
charge carrier mobilities often higher than
10 em? V-! s~! in organic field-effect tran-
sistors (OFETs).!”) Although significant ad-
vancements have been made, the intricate
interplay among chemical design, materi-
als processing, and thin film morphology
for high-performance organic electronics
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Gripper

Vial holder
Pipette rack
Solution storage
Blade-coating
station
Electronic
characterization

Figure 2. Polybot automated platform used for the processing and characterization of OFETS. &) Synthetic scheme of the hydrogen-bond containing
DPP conjugated polymer. B) Simulation of the robot stations and tools used for the OFET workflow C) Actual image of the real station D) Zoomed view

of the electronic characterization station. The electrical were by Keithl

which is mechanically connected to the

station. E) Zoomed view of the OFET film after blade coating onto pre-patterned film with source, drain, and gate electrodes.

(Figure 2E).1*® Simultaneously, the gripper arm moves back to
the vial holder to re-cap the vial to mitigate excessive solvent evap-
oration. Finally, the coated substrate is picked up by the gripper
and moved to the electronic characterization station (Figure 2D)
(6), upon which tungsten probes are placed in contact with the
substrate to measure device characteristics through the record-
ing of current-voltage and output characteristic curves. It is to
note that as shown in Figure 2E, the pre-patterned gold electrodes
are specifically designed to measure device characteristics in both
parallel and perpendicular orientations relative to the direction of

Adv. Funct. Marer. 2024, 2403612 2403612 (4 of 17)

blade-coating (Figure S5, Supporting Information), as it has been
demonstrated in previous reports that significant differences in
the charge mobility can be observed based on the measurements
taken with respect to the vector of the coating direction.I’*] Upon
completion of measurements and data storage, the robot moves
the substrate back to the substrate-holding rack and the OTS-
functionalized blade is washed with toluene through a jet inte-
grated into the blade coating apparatus to remove any residue
on the blade for the next experiment cycle. The entire workflow
experiment is carried out in a sealed plastic box with a door

© 2024 The Authors. Advanced Functional Materials published by Wiley-VCH GmbH
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Figure 5. Solution and solid-state properties of P1. A) Cryo-EM image of polymer in 10 mg mL=" CHCl; at 2 um. B) Polarized UV-vis spectroscopy
to determine dichroic ratio of conditions 1-6. C) Thin film polarized optical microscopy (POM) image of condition 1 at 90° {parallel to blade-coating
direction) and GIWAXS 2D scattering figures with X-ray incidence beam parallel or perpendicular to coating direction. D) Thin film /POM image of
Condition 6 at 90° parallel to blade-coating direction and GIWAXS 2D scattering figures with X-ray incidence beam parallel or perpendicular to coating
direction

complement to this, atomic force microscopy (AFM) was per-
formed on the 6 selected conditions as shown in Figures 513 and
$14 (Supporting Information). Interestingly, no trends or well-
defined nanostructure, which are typical morphologies associ-
ated with anisotropic charge transport, were observed in the se-
lected conditions. However, conditions 5 and 6 displayed nondi-
rectional fibrous morphologies. This suggests that the forma-
tion of micrestructures in the thin film can contribute to the
anisotropic electronic characteristics observed in conditions 5
and 6.

To further get insight on the nanoscale morphology and to
examine the crystallinity of the thin films in both parallel and

Adv. Funct. Mater. 2024, 2403612 2403612 (9 of 17)

perpendicular orientations relative to the blade coating direction,
we employed grazing incidence wide-angle X-ray scattering (GI-
‘WAXS). This analysis was conducted for all six conditions, and
the results for Conditions 1 and 6 are illustrated in Figure 5C,D,
with additional details provided in Figure S15 (Supporting In-
formation). As elucidated by the analysis of the GIWAXS 1D
plots in Figure S16 (Supporting Information), the increase in
charge anisotropy, particularly evident in Condition 6, can be cor-
related with a more pronounced appearance of higher order q,
peaks in the direction parallel to blade coating compared to per-
pendicular directions. This ebservation suggests that crystallinity
is increased along the blade coating direction, consistent with

© 2024 The Authors. Advanced Functional Materials published by Wiley-VCH GmbH

vszomio

E——

23 Fom s, o 0 oot 0 s a0 St

o ames) o g gy




@ ™ M @ ChatGPT
&< G w %) https://chatgpt.com

D

(& ChatGPT 40

) 7
Pick outfit to look Morning routine Text inviting Quiz me
good on camera for productivity friend to wedding

@ Adv Funct Materials - 2024 - Nyaya...

KIER EnergyAl workspace chats aren't used to train our models. ChatGPT can make mistakes.

@,

on

@

v &

ancient civilizations

g



@ ChatGPT x  +

@ ® 0

< C m 3)  httpsy/chatgpt.com/c/e0b0b919-6b6b-4bab-81be-fccab322aces

@ @& ChatGPT 40

Adv Funct Materials - 2024 - Nyaya...

Ol === 89| #

i

O] =22 "Tunable Solid-State Properties and Anisotropic Charge Mobility in Hydrogen-Bonded
Diketopyrrolopyrrole Polymers via Automated Device Fabrication and Characterization"2h= X| 5=

ol A2, /7| gteM E2|0O FAY S8 R 2% 450] 2ty At Ma| =4 2he| SEet

—

A5G0 ofs) ZYECH: WSS CHRD YSLICH A70 Fo SN2 Y22 A5 SREQ
Polybot2 B8t 4 ZBS Test SEX| B2 A0l 1% HE L S4 248 S

}
F71 TAH 23 EHX|AE(OFET)E MESts AL LICL

e 2% EUEBY =
A AHBLE oY = UL

2 ®F WY GTE D4 AUS SO 1Y M ZUEY RE, 452 HANOE K]
sre | E2ioje] HAE S48 EARSUCE o] HHM 2 ZPE ZeS Zalojo] 1%
el A2l S48 ZARSID, O1F0| A7 | 50 O/XE Y-S BIRSLICE

®
tot
1
dfm
o
O
il
m
_|
2
x
|1
1T
10
o
o
1y
X
gl
OF
o
X
o
B
[l

KIER EnergyAl workspace chats aren't used to train our models. ChatGPT can make mistakes.

8

is]

®

® & G

a

= @

e



Adv Funct Materials - 2024 - Nyaya...

Drill down

markdown



@ @ O @ chacer x +

&~ C M 21 https://chatgpt.com/c/a6245c18-5cd6-43e1-8b10-d058f494a232

(D @& ChatGPT 40

® Here are the methodologies used in the study, organized as per your request:

Polybot Automation: Polybot, a robotic platform integrated within a self-driving lab, was
developed to fabricate organic field-effect transistors (OFETs). The platform utilizes high-
throughput blade coating deposition, automating the fabrication and characterization

processes to generate and analyze large datasets efficiently.

Blade Coating Deposition: Blade coating deposition was employed as the primary
technique for fabricating thin films of semiconducting polymers. The method's parameters,
such as blade speed and temperature, were systematically varied to study their effects on

device performance.

Automated Characterization: The Polybot platform automatically conducted electrical
characterization tests, including the measurement of charge carrier mobility. This allowed for
the assessment of mobility in both the parallel and perpendicular directions relative to the

coating vector.

Grazing-Incidence Wide-Angle X-ray Scattering (GIWAXS): GIWAXS was used to analyze
the thin film morphology at the nanoscale. This technique provided insights into the

crystallinity and alignment of polymer chains in the solid state.

Polarized Optical Microscopy (POM): POM was utilized to observe birefringence in the
polymer films, which served as an indicator of polymer chain alignment and correlated with

charge transport properties. J

Polarized UV-Vis Snectrosconv: This techniaue measured the ontical dichroic ratio to
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Conclusions

The study provides insights into the relationship between human and machine creativity. The
results suggest that Al has reached at least the same level, or even surpassed, the average
human's ability to generate ideas in the most typical test of creative thinking (AUT). Although Al
chatbots on average outperform humans, the best humans can still compete with them. However,
the Al technology is rapidly developing and the results may be different after half year. On basis
of the present study, the clearest weakness in humans' performance lies in the relatively high
proportion of poor-quality ideas, which were absent in chatbots' responses. This weakness may
be due to normal variations in human performance, including failures in associative and executive
processes, as well as motivational factors. It should be noted that creativity is a multifaceted
phenomenon, and we have focused here only on performance in the most used task (AUT)
measuring divergent thinking.
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As an expert of science and engineering, read this paper and answer the following questions precisely and quantitatively, with all the best of yours.
Answer in Korean, but Jargon can be used as is. You do not have to replace them with easy words,

Do not include any data except for the ones in the paper. Efﬂ"g‘ﬂ' 7.‘1-_5-7} %Pc‘ioﬂkl 3—|Ei.%_} ZtM|st ng-}"?t&,lgi.
Follow the process by step by step, after taking a deep breath. ot=10{ 2 Est, 4280 4|2 L= H[2Z| Fof= El,

o] =20 gi= &2 stA| of,
1. What is the purpose of the authors in this research? 2ALS0| 0] HE 5t 227
2. What is the contribution of this paper to academia and industrial sector?
* {b>academic contribution:{/b)> {}

* {bdindustrial contribution:<{/b)> {} o] A7} stA|e} AtUAI0| St 7|0 =2
3. What is the methodology they used? list in bulletins and explain briefly.

* {b>{method 1}:{/b)> {explanation 1} HHHE2S pylletinQ 2 &3,

.o o =

» ¢bd{method N}:</bY {explanation N} 0|52 TEE A=,

4. What are the originalities of this research? answer in bulletins.

* <bX{originality 1}:{/b)> {explanation 1} E31M2 pulletinez2 &3,

27| HIHS 5
* <bD{originality N}:</b> {explanation N} OIS SEE 2132,

5. What are the limitations of this research? answer in bulletins. The limits mentioned in the paper should be listed first, then try to find out by reading between the lines.
* {b){limit 1}:</b) {explanation 1 - . - = = - o=

* <o>limit 1):/b fexp } AL bulletin©2 £, XAHS0| WAIS S WA GPTIH 223 HE LISo|,

* <bM{limit N}:¢/b)> {explanation N} o| Sz} WS A=,

6. List the important references in this paper with reason.
* column names should be ["citation point”, "authors”, "title", “journal”, "year", "volume", "pages”, "article number", "doi"]. ZQ YmAAE table2
* “CItE.lntlon point" is the reason why the a!uth?rs th<.)ugh.t thes“e.are important, . table columne Z£2 ZOIE 2z} A2 Y ug £,
* "doi"s should be clickable links, by adding "https://doi.org/" in front of the doi if needed. DOl S2l5t & ol 2 ala'E . 61k| . .
— 22T ML= o1= E .
7. Ask if | want to get the report. HOMZ U A2 olAIE BHE A

8. If yes, write down all contents in .docx (the font size = 10, where the table fontsize =8). HET1x{2 HFp AlC}H o|2{0|2{3F A O 2 docx OIS AHM

* title of the paper should be the tile of the document (size=14, bold) AME B S0E, oj2{0lEE 34 : te= 83

* literature information (authors (italic), title (bold), journal, year, volume (bold), pages, article number, doi) should be listed below. doi should be clickable links, by adding "https://doi.org/" in front of the
doi if needed.

* the filename of .docx file should be "{today date in YYYYMMDD}_{family name of first author}_{paper title (not filename)}_{journal abbreviation}_{publication year}.docx"

* all "doi"s in .docx file should be linked to the proper links to the "https://doi.org/".

Sequentially, review the .docx file generated just before, and check if all instructions in 8. are correctly applied. Z|Alst MAS 2 RkER] 2ol _
+ if there are anything missing or wrong, replace the part with correct answer., W}R|7{L} 2221 70| QUCHH 22| 222 225k 7
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As an expert of science and engineering, read this paper and answer the following questions precisely and quantitatively, with all the best of yours.
Answer in Korean, but Jargon can be used as is, You do not have to replace them with easy words R =y _ _ _

) . S 1. . =1o= — . -
Do notinclude any data except forthe ones in the paper. etsst HE7HY ZLOH‘H Z| Eﬂ)OI‘ AtM[st2 ?FEIEE
Follow the process by step by step, after taking a deep breath. °|'£'0'|§ EI' . =20 2|2 U= B 2| R0t E,
t2| OF,

312,
ol ==0fl gle ¥2

oll

1. What is the purpose of the authors in this research? Z{250| O] HE 3t 2 A7

[

2. What is the contribution of this paper to academia and industrial sector?
* {b>academic contribution:{/b) {

* {bYindustrial contribution:{/b)> {} O] A7} stA|2t AU AH ol 3F 7|0 =2
3. What is the methodologythey used? list in bulletins and explain briefly,

* {b>{method 1}:{/b) {explanation 1} HIH 2D by lletinS 2 &8

P

* {b>method N}:¢/b> {explanation N} 0|52 THS 2=,

4_What are the originalities of this research? answer in bulletins.

* {b){originality 1}:{/b> {explanation 1} S22 pulletine 2 &3,

o
0|27} HHHES 3}
* {b>{originality N}:<{/b> {explanation N} IS2HSUE A2,

5. What are the limitations of this research? answer in bulletins, The limits mentioned in the paper should be listed first, then try to find ou
* {b>{limit 1}:<{/b> {explanation 1}

t by reading between the lines.
SIS bulletin®.2 221 AAIS0| YT X HA GPT7H 228 X2 LS.

« <bd{limit N}:</b) {explanation N} O| St Y2 atgf 2.
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What structural change responsible for improving cycling performance is common to doping with Al, Ce, Cr, Fe, and Ni?

Oxide (NCM).
LMOQ Batteries

@ Al Doping: Introducing an appropriate amount of Aluminum (Al) ions into the LMO spinel structure creates a more stable
LiAlxMn2-x04 phase framework. This enhances the surface and bulk structure stability by inhibiting manganese (Mn) ion
dissolution during cycling, resulting in superior capacity retention. 1 For example, the LiAl0.05Mn1.9504 sample showed
80% capacity retention after 1000 cycles at 10C. 1

@ Ce Doping: Cerium (Ce) doping in LMO can improve rate capability and cycling stability. Specifically, the LMO-Ce1-BA
electrode, with 1% Ce doping, showed superior rate capability compared to undoped LMO, particularly at high current
densities. 2 3

@ Cr Doping: Similar to Al doping, Chromium (Cr) doping can enhance cycling stability in LMO batteries. The LMO-Cr-2 sample,
with a specific amount of Cr doping, demonstrated the best cycling stability over 500 cycles. This improvement is attributed
to the inhibition of Jahn-Teller distortion, a phenomenon that leads to structural instability and capacity fading. 4 5

@ Cu Doping: Incorporating Copper (Cu) into LMO significantly enhances cycling performance. The Cu-doped LMO (LCMO)
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Sample Specific discharge capacity [mAh g™1] (% of 1C discharge cap

1C 2C 5C10C

LMO 108 101 (93) 89 (83) 76 LMO-Cel1-A 106 99 (93) 89 (84) 43 LMO-Ce2-A 97 79 (81) 65 (66)
38 LMO-Ce3-A 99 92 (93) 68 (69) 27 LMO-Ce1-BA 101 93 (92) 85 (85) 76 LMO-Ce2-BA 93 85
(92) 74 (80) 40 LMO-Ce3-BA 94 82 (87) 50 (53) 11

Bold signifies the improved electrochemical performance of LMO with 1% Ce doping.
summarized in Table 2. The undoped LMO cell provided an initial capacity of

108mAh$g 1, and Ce-doped sample provided a slightly lower initial capacity. As at high
current density of 30C, the pristine LMO electrode showed lower discharge capacity of
19mAh g1

than the Ce-doped LMO electrodes whereas the LMO-Ce1-BA electrode still delivered a
discharge capacity of 51mAh g1, signi-fying its superior rate capability. The results
indicate that the amount of substituted Ce indeed affect the electrochemical per-
formance; however, there is a limit of solubility of cerium ions into LMO. Table 2 also
shows that the discharge capacities of LMO is 81% of the initial capacity at 1C rate
after 150 cycles. The results ob-tained for LMO-CeX-BA, X% 1,2,3 showed better

capacity retention of 97, 93 and 93% of that in the initial cycle, respectively, after 150 .

cycles. These results suggest that partial Ce doping could improve the rate capability
and that the CeO2 formed at the surface could be responsible for the decreased
capacity retention.

Fig. S8(A - E) presents the discharge profiles of the cells built on all synthesized (LMO, LMO-
CeX-A, LMO-CeX-BA) cathode

ious current rates.

acity) % of initial capacity after 150 cycles

Capacity loss per 1cycle

30C
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@ Al Doping: Introducing an appropriate amount of Aluminum (Al) ions into the LMO spinel structure creates a
more stable LiAIxMn2-x04 phase framework. This enhances the surface and bulk structure stability by
inhibiting manganese (Mn) ion dissolution during cycling, resulting in superior capacity retention. 1 For
example, the LiAl0.05Mn1.9504 sample showed 80% capacity retention after 1000 cycles at 10C. 1
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Manganese Cobalt Oxide (NCM).
LMOQ Batteries

n Nickel

@ Ce Doping: Cerium (Ce) doping in LMO can improve rate capability and cycling stability. Specifically, the LMO-
Ce1-BA electrode, with 1% Ce doping, showed superior rate capability compared to undoped LMO, particularly
at high current densities. 2 3

@ Cr Doping: Similar to Al doping, Chromium (Cr) doping can enhance cycling stability in LMO batteries. The
LMO-Cr-2 sample, with a specific amount of Cr doping, demonstrated the best cycling stability over 500
cycles. This improvement is attributed to the inhibition of Jahn-Teller distortion, a phenomenon that leads to
structural instability and capacity fading. 4 5
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What structural change responsible for improving cycling performance is common to doping with Al, Ce, Cr, Fe, and Ni?
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Here are several studies on the effect of doping materials on battery lifetime:
1. Surface doping vs. bulk doping of cathode materials for lithium-ion batteries: a review

* This review examines the impact of surface and bulk doping on battery performance,
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2. Doping effect of Nb5+ on the microstructure and defects of LiFePO4

* This study investigates the significant impact of Nb5+ doping on the lifetime and
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* Read the paper

3. A long cycle-life high-voltage spinel lithium-ion battery electrode achieved by site-
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Applications of Artificial Intelligence Algorithms in the
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Abstract: The digital transformation of the energy sector toward the Smart Grid paradigm, intelligent
energy management, and distributed energy integration poses new requirements for computer science.
Issues related to the automation of power grid management, multidimensional analysis of data
generated in Smart Grids, and optimization of decision-making processes require urgent solutions.
The article aims to analyze the use of selected artificial intelligence (Al) algorithms to support the
abovementioned issues. In particular, machine learning methods, metaheuristic algorithms, and
intelligent fuzzy inference systems were analyzed. Examples of the analyzed algorithms were tested
in crucial domains of the energy sector. The study analyzed cybersecurity, Smart Grid management,
energy saving, power loss minimization, fault diagnosis, and renewable energy sources. For each
domain of the energy sector, specific engineering problems were defined, for which the use of artificial
intelligence algorithms was analyzed. Research results indicate that Al algorithms can improve the
processes of energy generation, distribution, storage, consumption, and trading. Based on conducted
analyses, we defined open research challenges for the practical application of Al algorithms in critical
domains of the energy sector.

Keywords: artificial intelligence; cybersecurity; machine learning; metaheuristic; fuzzy inference
systems; genetic algorithms; artificial neural networks; energy sector; Smart Grid
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What are the most effective strategies for extending battery life in devices with limited power

= sources?

99 Tip: If you're asking a question, add a question mark (?) at the end to get better results

WA TS TNE SIgNITICance o Mg ner=aimensionar aigenrar

4

AR

o]

o


https://typeset.io/

» SCISPACE

>

—
]
=

B 2 o O m

scispace Literature Review

Papers = how can | expect battery life? X

Standard High Quality

Insight from top 5 papers

h
Y

BIEIZ) 7|0h e B2 9, AL THE, 83 =7
S Z00| Chat ST HBO2 el 2B 2
71%0 %2 HE =38 2YE O 523 9w

https://typeset.io/

-+ Chat with PDF

& Korean (ko) + Save iZ

oS E 3+ =52 0|2

==

g = ASLCH M, BiE 2|

T — = =

2|o| F% LBHE o= 300~5002(2] #H S AtO| 20| X| £ & CHt 80| A EO Ut 1.0]&= AlZto| X| o 2t s
B2l st 20| HTUHLE M3te|7| EQIH, o= SHA HiHZ|2 O SYYLICH AR THEH2 HiH2| +=F 0
2 S 0jE LSS Z0 ¥R A5 STsIL YHstH 95 Aot Mo 7t&etd = ASLICLEEE =32
AEsIHH ST TES 20% ~ 80% AIO|2 | XSt 0| EELICHZLES 04 £H 7|22 Ha|stx| ¢ BiE2| OI2 &8
=0 HH +Z2 HSAZE + ASLICHEL 2= Z2 38 U HiH2 45 X +30 S22 0[FYLCLA22 8 EF
EdoH 45 M E ISt + A= U SEE Y2 2 HIE2 Z288 YAHOZ HO LY = gL ot elmat
M EH 2= HRIE |AISts A2 BiHE| =2 X(t=ists O 1@ S LCL 7= 222 HiHE| 7|0 =0l A|
HHO 2 SHE D ASHCLEEE AH 0| E HiE{2[of 22 HiE|2] &7 & EA 2o H M2 7|E 2|F 0|2 HiE{2|of |3
O 7l B0t E 2 g 2EELICHBlojafa ZH2 A 718 7[&8 tASHHE A8[X0A O L2 g&at HEEE
HE A= O JELICE 25t H O B2 +=F 2 62| 22l0) wtaf 2t 5 AR EiHE| RS O35k, S
e pa|st, ZEo| &E ZUE |XISHL, 7| Y FIMAX| Eo ™ HiE2| +=F S Z(Ci3st= O =80| ELIC
Ol2{gt 45 NHSIH AMEX s YEO| LZ4ct ZEE U HiHI 32 SHHo =2 A + AS LT

Related Questions: HiE{2| =3 0| F&2 0|X[= F2 2212 FA L7

Add columns (1) v [0 PoF [ Open Access [] Top-tier papers  More filters
Papers (10) Insights
Patent g7 =20 I2T ol HE2 =38 27| &
O Expected battery life determination systems and methods SHE-ol= iR 7|, 2ast HE 8, F
Robert Koch g gtl HHE'I El 1-C.’-|_-x| 'Arg% 7|t||_|'9§ od 7:"# e 2”
oy

09 May 2012

ot= 0| ZeE L CLo[2st 222 HiEZ| &

I

Sort by: Relevance v

Create or add columns

Create your own custom column or select from the list
of suggestions

Create new column

&, Export »

iii My Library


https://typeset.io/

scispace Literature Review https://typeset.iof

b § SCISPACE Papers ¥  how can | expect battery life? X -+ Chat with PDF  §it My Library

D PDF D Open Access Top-tier papers Year v Publication Type

Add columns (1) v Sort by: Relevance v & Export w i

Keywords Journals v Conferences v Less filters Clear filters

>

-
-
P

= QoEl| e UE =S CLE WME Q|
AadHe PHElo 24 QoE MBS E 2l AZtS

AA CEsE SA0 HEY QHY EE £ A351H
M St T =T BESICHE S BOEL

Research Gap

Future Research

a Papers (10) Insights X Create or add columns
Create your own custom column or select from the list
@ a Open access » Journal Article « DOI 2 Ol HMOYME =7 8t EME E38 5 & T2 4| of suggestions
O Life Prediction of Battery Using a Neural Gaussian Process with 2 ZRMHA (NGP) 222 AFESHH HiE 2| =S 0O Create new column
. . . X3l HrE 2 Tl oFSH ; n Ml
(o7 © Early Discharge Characteristics. Sot= SEE MY LT LiFePO4/12HIIO| E A2
I AIO| 2 H|O|EH & E43t0] T EHIt MO|E =3
Aijun Yin +2 more Srol ohEdal Ablm = AlmEF A ol i TLDR
“~ 05 Feb 2021 - Sensore (ho| 2 A EEAE AEY = ASLCHo 2E + TL
2 45 M3 HO|HE 7|2 A0l E =88 05 4+ Conclusions
] 12Citations &) PDF [] 99 GO Chat with Paper ote §E8 =8 88% FEMUELICLES NGP 2”2
Y Edar 2] 2| E O| 2 HiE2[o &0 =& + Summarized Abstract
= (RUL) & O Z=3t= o 10] 7|= SEEL 450 o
L Chmatd Z7) WH S4I3NePet 22 13 + Results
99 ol 2| H2 52 3 AHS sk
Ef 7|HE gestH i =2 o EoiA o + Summarized Introduction
5 5 gL
4 + Methods Used
A} + Literature Survey
Journal Article « DOI 2 O| BHM M= HiEE]| =HE EE5H7| et e Y + Limitations
=N (0 QoE-Aware Dual Control System to Guarantee Battery Lifetime H|C|2 OHE2|7 0|4 2T QoE 24 0| F H|0f Al
o for Mobile Video Applications A8 HotetLoho| A|A®E cPU FO-E = + Contributions
) o 25 M2 =F 2 SX|stHAM oYX E
@ e :St::f J_:l__'_:' :E:ELQOE) EI: -'_:_'; |°L|'; 1 0|L| 1 1= + Practical Implications
=] [=1 =] [=]
02 Aug 2019 - IEEE Transactions on Consumer Electronics 2oL l-'f_'_ B3 =20 et oUix] 2l
@ (EB) & A ttstn EB7 A 2t Of2 2 X[ H QoE + Objectives
5Citations [] 99 = G2 Chat with Paper BLiHEZ 3 UAGHH 0o RE2 HET o
o LICLAFERHE AlA™Ol M348 AL Rt KR 5H0] + Finaings
+
+
+

Dependent Variables


https://typeset.io/

¢ SCISPACE

>

-
-
P

WM &8 2 £ O M

scispace Literature Review

Papers = Get insights from top papers directly

Home / Papers /| QoE-Aware Dual Control System to Guarantee Battery Lifetime for M...

Journal Article DOI

QoE-Aware Dual Control System to Guarantee Battery
Lifetime for Mobile Video Applications
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TL;DR: A dual closed-loop control system is proposed to act on the CPU frequency such that, by
default, it controls a QoE-related variable to be at its lowest valid level in order to save as much energy

as possible.

Abstract: The use of consumer-electronics mobile terminals to decode and view digital video is
constantly growing. Consumers expect from them a good quality of experience (QoE) during the
complete viewing of the video content, which is not always possible due to the battery-operated
nature of this type of devices. In this paper, a dual closed-loop control system is proposed to act on the
CPU frequency such that, by default, it controls a QoE-related variable to be at its lowest valid level in
order to save as much energy as possible. This energy savings are computed as an energy bonus (EB)
that can be further used in moments of higher power consumption. Anyway, when the EB decreases
below a dynamic threshold, the system switches to an exception mode in which it controls the EB to be
enough to guarantee the expected playback lifetime at the expense of lowering QoE. Besides, the
system can be configured by users to be more or less aggressive in risking lifetime vs QoE by
adjusting the mode-switching threshold. Upon implementation in the operating system of a commercial
development board, results show how the system is able to meet the desired lifetime with a reduction
of up to 70% of the time with QoE restrictions with respect to a previous lifetime-guaranteeing
approach. Furthermore, the worst-case computation-time overhead of the system is only a 4.2%.
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(5) Ce doping
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(mAh/g) (Al | CYeles (mAbg) cycles (%)
LiMn,0, 108 76 87.48 81
LiMn,0,-Cel-A 106 43 90.10 85
LiMn,0, -Ce2-A 97 38 65.99 67
LiMn,0, -Ce3-A 99 27 77.22 78
LiMn,0,-Cel-BA 101 76 97.97 97
LiMn,0,-Ce2-BA 93 40 86.49 93
LiMn,0,-Ce3-BA 94 11 87.42 93
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As an expert in Materials Science and Engineering, read carefully the attached file and retrieve following information,

Please work on it step by step after taking a deep breath. 15 2= HIlO=l OFO
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1. various material properties or device performance as a function of samples (element, composition, doping, etc.). the index should be "sample", the other columns should be name of the material properties or device
performances, oo -
* reading 1: {answer as a table, with quantitative information. the columns should contain units} ~ A|&0]| [[}2 A2} SMO|L} A2} EAMZS BEE He|5I=E A|A|l. column nhame tHg| S ZEsh5l{of st

2. the table should be extended including all information in introduction, results and discussion, including not only the author's work but also cited values with references. Missing values in "reading 1" table should be checked

carefully and filled out. The table can be extended if needed. e = = o = = =
* reading 2: {answer as a table, with quantitative information. the columns should contain units} A2, A3} Y £9|0j| = H|0|E{ S HEHHAE ESHH =510 20f|A OLE HOj| =7}, A=X| A EMH,

3. Extend the "reading 2" table by adding up more data, particularly summarized values as a form of table. if any of them have references, the column "reference" should be added. Missing values should be carefully checked

once again, - = . - = =
* reading 3: {answer as a table, with quantitative information. the columns should contain units} HE2 Z2|%|0| 9= |0|E{S F2=510] UA0f|A OH= HOj| =7}, A=X| A EFAM

4, Extend the "reading 3" table by adding up more data, particularly cited values with references. Missing values should be carefully checked once again.

* Data: {answer as a table, with quantitative information} _ o= o e = = 2= = _ -
FAFASZERE QUEE H|0|E{E FE510] oA OHE RO It BS| 2 EH,
5. extract insights from the table as natural language with quantitative values, at least with 3 bulletins,

" nsiohe BE H2HOZ s|45t0] UAO|EE 2|43 I} £2
6. what is the best sample the author claims? = L o
* Best sample: {§ 2Z1E0| L= “best sample”2 2 QI7}?

7. what is the reason of the best sample selection? Z{ZAFS0| 2 A| mickst 0] 9-=?
* Reason: {} < = )

7. Save it as a .xIsx file
- filename : "{family name of the first author}-{title}-{journal name}-{publication year}-{doi}.xlIsx", but replace any blank (" ") in the filename with underscore (

- content : {Data} S == = 2}
- provide me download link, and wait for response, ZZSH BE xlsx2 A%

8. Ask me if | want to save it as .docx, too. L _ _
- filename : same to the .docx filename except for the extension. docx2Rx £3SR| F0{E £IsiClH OS2 A2 &3,
- the content should be as following.
* "{title}", {journal name}, {publication year}, doi:{doi}
* {b>data :{/b)
{Data}
* {bdinsight :{/b)
{Insight, translated in Korean}
* {b>best sample :{/b)
{Best sample}
* {b)reason :{/b)
{Reason, translated in Korean}
- the superscripts (surrounded by <{sup) and {/sup), or expressed after A) and subscripts (surrounded by {sub) and <{/sub) or denoted after _) should be expressed as superscripts and subscrips in the docx file.
- provide me download link,
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LMO-A

LMO-Cel1-A
LMO-Ce2-A
LMO-Ce3-A
LMO-Ce1-BA
LMO-Ce2-BA
LMO-Ce3-BA

9 |LiCe0.05Mn1.9504
10 |LiMn1.9REQ.104 (La)
11 |[LiMn1.9RE0.104 (Ce)
12 LiMn1.9REQ.104 (Nd)
13 LiMn1.9REQ.104 (Sm)
14 LiMn204 (solid-state)

0~ o vk WM =

15 LiMn2-xRexO4 (RE= La, Ce, Nd, Sm)

16 |LiIMn204 (sol-gel)
17 |LiCexMn2-x04

Insight:

LMO-Ce1-BA M E2 1503| AIO|2

I ol oy A S

L

H 0|, £3| LMO-Ce2-
s XMtANZ = U

Lt

- -
=2 22 0|0|E{ (.xslx) & 2IALO|E (.docx)
h h h — [ J
B C D E F G H
Lattice Parameter (A) | Cell Volume (A~3) | Crystallite Size (nm) | Specific Discharge Capacity (mAh/g) | Capacity Retention after 150 cycles (%) | Capacity Loss per Cycle (%) | Reference
8.228 557.1 45 108 81 0.13
8.23 5574 23 106 85 0.1
8.221 555.6 18 97 67 0.22
8.228 557.1 23 99 78 0.15
8.227 556.8 18 101 97 0.02
8.227 556.8 22 93 93 0.05
8.224 556.2 17 94 93 0.05
123 91 [46]
97 [38]
93 [38]
95 [38]
94 [38]
8.247 561.03 [48-50]
123 91 [38]
97 [51-55]
[46]
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python Always show details (@ (P Copy code

median_discharge_capacity ]-median()

median_capacity_retention ].median()

high_discharge_low_retention = data[
(data[ ] > median_discharge_capacity) &

(data[ ] < median_capacity_retention)

ace_tools tools; tools.display_dataframe_to_user(name=
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AI SCle nt|St The AI Scientist: Towards Fully Automated
Open-Ended Scientific Discovery

Chris Lu®", Cong Lu®>*", Robert Tjarko Lange®>", Jakob Foerster®', Jeff Clune®*>*' and David Hal-t
quual Contribution, !Sakana Al, 2FLAIR, University of Oxford, 3University of British Columbia, #Vector Institute, >Canada CIFAR
Al Chair, *Equal Advising

@ ldea Generation Experiment Iteration -=§ Paper Write-Up
e, * )
. LLM Idea/Plan Experiment .' Expenments '. ’ Manuscript
: Innovation Template ' ' Template
\
l |~ C oy
Text A via
Novelty Check Code A via | LLM&aider
[ Sem. Scholar ] [ LLM & aider ] - [ /22O FHE ] ; L/
l i ''''' l ----- [ Manuscript ]

|dea scoring / Experiment Numerical LLM Paper
archiving Exec Script Data/Plots Reviewing

https://www.arxiv.org/abs/2408.06292
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Al Scientist

Table 3 | Evaluation of automated Al Scientist paper generation for Diffusion Modeling.

Total Novel Experiments Completed Mean Max Total

Ideas Ideas Passed Papers Score Score Cost
Sonnet 3.5 51 49 38 38 3.82 6.0 ~$250
GPT-40 51 41 17 16 3.70 5.0 ~$300
DeepSeek Coder 51 42 32 31 3.32 5.0 ~$10
Llama-3.1 405b 51 31 21 21 2.30 3.0 ~$120

Table 4 | Evaluation of automated Al Scientist paper generation for Language Modeling.

Total Novel Experiments Completed Mean Max Total

Ideas Ideas Passed Papers Score Score Cost
Sonnet 3.5 52 50 20 20 4.05 5.0 ~$250
GPT-40 52 44 30 16 3.25 5.0 ~$300
DeepSeek Coder 52 37 23 23 3.21 4.0 ~$10
Llama-3.1 405b 52 41 21 21 2.31 3.0 ~$120

https://www.arxiv.org/abs/2408.06292




Al Scientis

A. Prompts - "Feasibility": A rating from 1 to 10 (lowest to highest). RESPONSE:
We present some representative prompts that we use for THE AI ScIENTIST in Section 3 and - "Novelty": A rating from 1 to 10 (lowest to highest). T json
<JS0N>

Section 4. The full list of prompts can be found in the provided code.

Be cautious and realistic on your ratings.

A.1. Idea Generation This JSON will be automatically parsed, so ensure the format is precise.

You will have {num_reflections} rounds to iterate on the idea, but do In <THOUGHT>, first briefly reason over the idea and identify any query that
These prompts correspond to the first stage of THE Al SCIENTIST in Section 3. not need to use them all. could help you make your decision.
Idea Ge " P If you have made your decision, add "Decision made: novel." or
ea Generation System Prompt " isi . i
Sy: P Idea Novelty System Prompt Decision made: not novel." to your thoughts.
e e o D Retnden Lo Sl ockiingtoppublishiapapey In <JSON>, respond in JSON format with ONLY the following field:

You are an ambitious AI PhD student who is looking to publish a paper that " " N 5 S
will contribute significantly to the field. - "Query": An optional search query to search the literature (e.g. attention

You have an idea and you want to check if it is novel or mot. I.e., mot is all you need). You must make a query if you have not decided this round.

Idea Generation Prompt overlapping significantly with existing literature or already well explored. . )
Be a harsh critic for novelty, ensure there is a sufficient contribution in A query will work best if you are able to recall the exact name of the paper

you are looking for, or the authors.

that will contribute significantly to the field.

{task_description} the idea for a new conference or workshop paper. = g . - 2 ot . .
<experiment.py> You will be given access to the Semantic Scholar API, which you may use to 18 Wi ¢ automatically parsed, so ensure the format 1s precise.
{code} survey the literature and find relevant papers to help you make your
</experiment.py> decision. L. .
The top 10 results for any search query will be presented to you with the A.2. Designing Experiments
Here are the ideas that you have already generated: abstracts. These prompts correspond to the second stage of THE AI SCIENTIST in Section 3.
000 You will be given {num_rounds} to decide on the paper, but you do not need Experiment Running Aider Prompt
{prev_ideas_string} to use them all.

Your goal is to implement the following idea: {title}.
The proposed experiment is as follows: {ideal}.
You are given a total of up to {max_runs} runs to complete the necessary

000 At any round, you may exit early and decide on the novelty of the idea.
Decide a paper idea is novel if after sufficient searching, you have not

Come up with the next impactful and creative idea for research found a paper that significantly overlaps with your idea. 8

experiments and directions you can feasibly investigate with the code Decide a paper idea is not novel, if you have found a paper that experiments. You do not need to use all {max_runs}.

provided. Note that you will mot have access to any additional resources significantly overlaps with your idea. it i {9 SIS of? et Somn il 5 For axamle

or datasets. Make sure any idea is not overfit the specific training . > P . P s ) L

dataset or model, and has wider significance. {task_description} if you are sweeping over a specific hyperparameter, plan each value you
’ <experiment.py> would like to test for each run.

Respond in the following format: {code}

Note that we already provide the vanilla baseline results, so you do not

</experiment.py>
P PY need to re-run it.

THOUGHT :

<THOUGHT> Idea Novelty Prompt For reference, the baseline results are as follows:

W‘IDEA JSON: Round {current_round}/{num_rounds}. {baseline_results}
Json You have this idea: N
f.}?D]\D After you complete each change, we will run the command *python
o experiment.py --out_dir=run_i' where i is the run number and evaluate
. . . L . {idea} the results.
In <THOUGHT>, first briefly discuss your intuitions and motivations for nwun YOUR PROPOSED CHANGE MUST USE THIS COMMAND FORMAT, DO NOT ADD ADDITIONAL
the idea. Detail your high-level plan, necessary design choices and COMMAND LINE ARGS.
ideal outcomes of the experiments. Justify how the idea is different The results of the last query are (empty on first round): You can then implement the next thing on your list.

from the existing ones.

{last_query_results}
" Plotting Aider Prompt

In <JSON>, provide the new idea in JSON format with the following fields:
- "Name": A shortened descriptor of the idea. Lowercase, no spaces,

underscores allowed. Respond in the following format: Great‘job! P]:ease modify “plot.py" to generate the most relevant plots for
- "Title": A title for the idea, will be used for the report writing. the final writeup.

- "Experiment": An outline of the implementatien. E.g. which functions THOUGHT :

need to be added or modified, how results will be obtained, ... <THOUGHT> In particular, be sure to fill in the "labels" dictionary with the correct
- "Interestingness": A rating from 1 to 10 (lowest to highest). names for each run that you want to plot.

https://www.arxiv.org/abs/2408.06292
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Figure 1 Hypothesis-driven closed-loop learning. Diagram showing how iterative cycles of hypothesis-driven experimentation allow for the au-
tonomous generation of new scientific knowledge.
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Figure 2 Adam’s laboratory robotic system. (a) An external view of Adam's laboratory robotic system, also showing Eve's on the far right, and (b) a
view looking down through the middle of Adam'’s robotic system, again with Eve's beyond.
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Figure 4 Eve's laboratory robotic system. (a) An external view of Eve's laboratory robotic system, also showing Adam's at the extreme left, and (b)
a view looking down on some of the instruments within Eve's robotic system.
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Transformer-based large language models are making significant strides in various
fields, such as natural language processing' >, blology®’, chemistry® *° and computer
programming'-“. Here, we show the development and capabilities of Cosclentist, an
artificlal intelligence system driven by GPT-4 that autonomously designs, plans and
performs complex experiments by incorporating large language models empowered
by tools such as Internet and documentation search, code execution and experimental
automation. Cosclentlst showcases Its potentlal for accelerating research across six
diverse tasks, Including the successful reactlon optimization of palladium-catalysed
cross-couplings, while exhibiting advanced capabillities for (semi-)autonomous
experimental deslgn and executlon. Our findings demonstrate the versatility, efficacy
and explainabllity of artificlal Intelligence systems like Cosclentist Inadvancing

Large language models (LLMs), particularly transformer-based models,
are experiencing rapid advancements in recent years. 1hese models
have been successfully applied to various domains, including natural
language', biological®” and chemical research®° as well as code gen-
eration™". Extreme scaling of models"™, as demonstrated by OpenAl,
has led to significant breakthroughs in the field"**. Moreover, tech-
niques such as reinforcement learning from human feedback® can
considerably enhance the quality of generated text and the models’
capability to perform diverse tasks while reasoning about their
decisions®.

On 14 March 2023, OpenAl released their most capable LLM to date,
GP1-4", Although specific details about the model training, sizes and
data used are limited in GP'1-4's technical report, OpenAl research-
ers have provided substantial evidence of the model’s exceptional
problem-solving abilities. 1 hose include—but are not limited to—high
percentiles on the SAT and BAR examinations, LeetCode challenges
and contextual explanations from images, including niche jokes".
Moreover, the technical report provides an example of how the model

https://www.nature.com/articles/s41586-023-06792-0

can use tools to browse the internet and relevant documentation,
use robotic experimentation application programming interfaces
(APIs) and leverage other LLMs for various tasks. This work has
been done independently and in parallel to other works on autono-
mous agents™ %, with ChemCrow? serving as another example in
the chemistry domain. In this paper, we demonstrate the versatil-
ity and performance of Coscientist in six tasks: (1) planning chemi-
cal syntheses of known compounds using publicly available data;
(2) efficiently searching and navigating through extensive hardware
documentation; (3) using documentation to execute high-level com-
mands in a cloud laboratory; (4) precisely controlling liquid han-
dling instruments with low-level instructions; (5) tackling complex
scientific tasks that demand simultaneous use of multiple hardware
modules and integration of diverse data sources; and (6) solving
optimization problems requiring analyses of previously collected
experimental data.

Cocientiste= 28t £20t2| 2xfst AM3S X[gHo2
M, A2 Y 235H= GPT-4 7|8t Q12 X5 A|AH
o=, ?_IE1';1I ol A M TC Al AIS XpE3519F 2
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coscientist
a [ The module does not use LLMs

Input prompt from scientist * . The module uses LLMs

Command used by LLM

| Coscientist
Google
Searh Ap < GOOGLE Physical world
hardware
Web searcher GOOGLE EXPERIMENT — Automation <~ ¢ Cloud laboratory
¢ Liquid handler
Internet «<—— BROWSE * Manual .
PYTHON DOCUMENTATION experimentation
pd Docs index
Docker Code : Retrieval and H API
container “—— submission — Code execution Docs searcher “— summarizaton——— dc?nr:i\l'-vnegr?tation
Performed experiments Searching for — Performing Generating — Controlling a liquid handler
to validate the agent organic syntheses cross-coupling reactions SLL code for - Using a liquid handler and
online — Optimizing reaction a cloud UV-Vis together
conditions laboratory

Liquid handler’s
pipettes

Heater-shaker
module

Laptop, accessing
a web server with
deployed Coscientist

Token

https://www.nature.com/articles/s41586-023-06792-0 B <
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step 1. retrieve applications of Al on energy sector as a table.

the column names should be ["Data Acquired and Processed for Al
application”, "Clustering/Classification”, "Prediction”, "Optimizaticn
and Management”], where the index should be "Hydrogen Energy”,

1
2
3
4
5
6
7
8

HO[A| Hojorz =4 OOl

=] HE E7| TE29% Acrobat

fr | Classification of pollutants and their sources.

B C D

Data Acquired and Processed for Al application Clustering/Classification Prediction Optimization and Manag:

Hydrogen Energy

Fuel Cell

Hydrogen Convergence Materials

Photovoltaics

Winds

Energy Storage

Renewable Energy System

Energy ICT

Energy Convergence System

Energy Conversion

Bioenergy and Resources Upcycling

Clean Fuel

Clean Air

Sector Coupling

o)

Hydrogen production data, consumption rates, and storage level Al models classify hydrogen production methods basedPredictive models estimate hydrogen production levels b Optimization algerithms manage hydre
Performance data from fuel cells including voltage, current, and {Classification of fuel cell types and performance charact Predictive maintenance schedules based on usage patter Optimizing fuel cell operation for max
Material properties, synthesis methods, and performance metrics. Classification of materials based on performance and apPredicting material performance under various condition: Optimizing material synthesis processe
Solar irradiance, panel efficiency, and energy output data. Classification of solar panel conditions using image datiPredicting energy generation based on weather forecastsManaging grid integration and storage
Wind speed, turbine output, and maintenance data. Clustering of wind patterns and turbine performance me¢Predictive models for wind energy production based on Optimizing turbine operation and mait
Battery charge/discharge cycles, capacity, and degradation data. Classification of battery types and performance profiles. Predicting battery lifespan and optimal charge/discharge Optimizing storage utilization to balan
Data from various renewable sources including solar, wind, and F Classification of energy sources based on efficiency andPredicting energy output from integrated renewable syst: Optimizing the combination of renews
Data from smart meters, sensors, and communication networks. Clustering consumer usage patterns and energy consur Predicting peak demand periods and potential grid over Managing smart grid operations and i
Managing the integration process to n

Integration data from different energy systems and sources. Classification of convergence methods based on perforiPredicting the outcomes of energy system integrations.

Conversion efficiency data, input and output energy levels. Classification of conversion technologies based on effic Predicting conversion performance under various operati Optimizing conversion processes for v
Biomass composition, conversion rates, and byproduct data. Classification of biomass sources and upcycling methodPredicting bicenergy output based on biomass availabilitOptimizing bioenergy production proc
Data on fuel composition, emissions, and performance. Classification of clean fuel types based on environment:Predicting emissions and performance of various clean ftOptimizing clean fuel production and
Air quality data, emission sources, and pollutant levels. Classification of pollutants and their sources.

Data from interconnected energy sectors such as electricity, heatiClassification of sector coupling strategies based on effiPredicting the impact of sector coupling on overall ener¢ Optimizing the integration of different

Predicting air quality changes based on emission trends. Managing emission reduction strategie

Grid load data, energy flow, and infrastructure status. Classification of grid stability and potential failure point Predictive analytics for grid demand and renewable integ Optimizing grid operations to enhance
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hydropower plants. The article concerns diagnosis of the Kaplan propeller turbine, which is a
crucial component in a hydroelectric generator system. The fault detection and diagnosis
procedure are based on a framework including a Bayesian network and the maoving window
principal component analysis method (MWPCA) [120]. The presented method allowed for
observation of the evolution of turbine failure modes and the obtaining of information about
potential failures [120].

Kouadri et al. [121] published a paper on applying HMM for intelligent fault diagnosis in wind
energy systems. The paper focuses on a conversion system with a variable-speed wind
turbine. HMM and principal component analysis (PCA) techniques were used in the study
[121]. The PCA technique was used to precisely extract observations for HMM algorithms.
Three types of faults were considered in the test: short-circuit, open-circuit, and wear-out
[121]. The results show high performance by the PCA-based hidden Markov models, which
were better than the PCA-based SVM method [121].

Livera et al. [122] presented a fault diagnosis system architecture for photovoltaic
systems. The system uses a combination of regression and classification models based
on a tree-oriented extreme gradient boosting algorithm. The aim of the research was,
among others, to develop classification and prognostic models for diagnosing failures
in photovoltaic systems [122]. It is worth noting that the presented method supports
several key areas, including predicting output power, detecting data problems, and
detecting power faults [122]. The results confirm the high efficiency of the presented
method, which enables its application in the production of integrated monitoring
systems for photovoltaic power plants.

Table 5 summarizes the applications of Al algorithms for selected engineering prob-lems in
detecting faults in energy systems.

Energies 2023, 16, 347 16 of 24

Table 5. Applications of Al algorithms for fault detection in energy systems.
Fault Detection Domains Engineering Problems Al Algorithms References
Power transformers Fault diagnosis based on dissolved

gas data SVM, GA Fei and Zhang [116]

MEPSO-TVAC, ANN lllias et al. [117]

Electric power lines Detection and classification of faults

in a three-phase system of industrial lines

feed-forward neural network, back propagation algorithm Jamil et al. [118]

Thermal power plants Estimating sensors for fault diagnosis in boilers and turbines ETC, SVM,

energy Al 2024

Q @ B\ Discord < Share @

List methodologies used in the sector of "photovoltaics” X

Several methodologies are used in photovoltaics for various applications, including fault detection, energy production
forecasting, and optimization of system components:
@ Fault Detection:

(O Convolutional Neural Networks (CNNs) can be used for the automatic detection of faults in photovoltaic modules. 1
2 For example, CNNs have been used to analyze images of photovoltaic modules to identify defects. 1 2

() Deep Learning can be combined with low-cost hardware and computer vision for use in solar tracking systems. 2

(O Deep learning-based systems can be used for automatic fault detection in photovoltaic farms by analyzing thermal
images. 3

() A combination of regression and classification models based on a tree-oriented extreme gradient boosting
algorithm can be used for fault diagnosis in photovoltaic systems, including predicting output power, detecting data
problems, and detecting power faults. 4

@ Energy Production Forecasting:

(O Machine learning methods can be used for short-term forecasting of photovoltaic energy production. 5 These
methods include linear techniques, tree-oriented algorithms, and artificial neural networks (ANNs). &

O General Regression Neural Networks (GRNNs) and Grey Wolf Optimizer (GWO) algorithms can also be used for short-
term forecasting of photovoltaic energy production. 5

@ Optimization of System Components:

O Particle Swarm Optimization (PSO) is a commonly used swarm biological heuristic algorithm for optimizing renewable
energy systems (RES), including those with photovoltaic components. & PSO has been used to determine optimal sizing
and energy planning for RES that include photovoltaics, wind turbines, fuel cells, reformers, electrolysers, and hydrogen
storage. €

O lImproved Particle Swarm Optimization (IPSO) is a variant of PSO that incorporates a historical lookup table to
accelerate search speed. & IPSO can optimize RES with photovoltaic components for technical, economic,

Describe the role of machine

How do Al applications benefit renewable energy systems? What challenges are presented by hydrogen fuel cell vehicles?

. ________________________________________________________________________________________________________________J
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+ energy distribution and load balancing to ensure efficient and reliable grid operat

* real-time monitoring of grid parameters, - grid stability and potential failure points. - energy demand and potential faults in the grid, supporting ¢

energy flow, consumption patterns, and
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