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OpenAl and Microsoft Products
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GPT-40-mini GPT-40-mini GPT-40-mini GPT-40-mini
Al mal GPT-4, GPT4o, GPT-4, GPT4o, GPT-4, GPT4o,
o1-preview, o1-mini o1-preview, o1-mini o1-preview, o1-mini
GPT-4 AFE st =27} 40 messages/3 hours 100 messages/ 3 hours Unlimited
Limited by bandwidth
g 4% i
= & availability Fast Fast Very Fast
Context Window 8K 32K 32K 128K
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Additional Features - Data Analysis Data Analysis g

Voice Input/output

Voice Input/output
Team data management

Admin controls,
domain verification,
and analytics
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Is this conversation helpful so far?

ChatGPT can make mistakes. Check important info.

3m

E2|Y. 0|43 jehyun.lee@gmail.com



C}2 = ChatGPTe| &

® 2|3 oto|c|o]

@ AL Al

2024.09.25. st H7

@ #2|H 22

® 210] ofsi

© (@)
N
1z
(-]
d

re
2
0=
0x

2= Y 2|4 tiw?
&0l & Lt= AlEol A=HI?

2H?

w
ra
rdo
X
(0, ]
ol
+
o
ra
rdo
Jim
rx
ofwe
ne
a
)

71277} M0 As|7} W3
th MMtz 2 -.’-_"-HIEI ELS)

209+,

|ests] S E2|Y. 0|4 jehyun.lee@gmail.com




2024.09.25. st A7|a5t3| EE2|Y. 0|43 jehyun.lee@gmail.com
2lojo|5H 2 EARD
AUE=4 o|sf HE > HAE
z )\ /7 \
C ) BERT ( )| [C ) BART
C )| - 724 chof 247 ( )| || -7 =27
( )| -T2 =¥ a7 E ; E ; - seq-to-seq
E2iA ( )| . 2oHo3 = -
SHAE ( )| L od | cm— | R S-S
HFE > HAF C ) * =l 25, C Y ) =& e SAl A2
Attention \ Z Go g|e = 7 7
( )|(( /
( D IIL ¢
=" oAy ot
EYZ8 44
GPT-2 GPT-3

o125 @ ETRI/ EE{2{AA HelloDD AL}

aYalalalala)
\TATATAYATAY)

(3/13). 517} Of C}A| O,

- self-attention

- ChS &0 o=

* M| QOF

« 77 Hig, 2

— ", =0

40GB, 15%

(aYartelalarlartaelaTla)
s VUV UUY)

EVCRLE
- T2 o] 05
« 22|, 2%

« 7|7 Hig, 2

570GB, 17509
$12009+ (150942



13| SEE2|Y. 0]A|3 jehyun.lee@gmail.com

rk
H
o
oX
N
7S
Job

2024.09.25.

self-supervised learning

‘G2l R $I2HA 57302,
238 of20 Az 2l B, A& E0| 3
aaqct %ﬂﬁ ot =30’

ty (AR

LI B

world. Some
Tec Nnology

u can become th
VS s yourself A
ool 10¥ performances at oncerts held all over the world
!'_3'-;% | AR g 14 combination of the real and virtual w 2
In fact. it adds virtual images to the red

il world. For example

- famous furnit NPaEy s
ot N us furniture company, IKEA yses AR technology for the

Jd m) business, With the IKEA app. vou can see how the furniture wo
. At In your house right on you smartpk K

phone,

With advances in technology. VR X an i
VR and AR are becoming mor.

common. In the future, maybe you will experience them in all L)
ol @2

parts of your lift 3 .
Vi

R,




C}2 = ChatGPTe| &

® 2|3 oto|c|o]

@ AL Al

24 A4 3|4 Hik?

H{E 0| & Li= AtEhol A=H1?
oH?
Y+ 503 S & 0oR

7

O

o

2|y 22

/ ® 210} oj

>

2024.09.25. st H7

7|27|7} M1 A517} Wt
th MMst |z 2 i'Hlil EL)

200H,

|ests] S E2|Y. 0|4 jehyun.lee@gmail.com




AAMN A AN Ar SLTASI2dAIIAESLS

13 SE2|Y. 0]A|3 jehyun.lee@gmail.com

Loy 2)

® &2|# oto|c|of @ gely 22 ® A|A 23

@ AL Al ( ® 210 o]} ( ® ©10] AHA

2= Y 2|4 tiw?

/ \ MM 2|71, 3

HiEro] 2 Li= AfElo| =t? =)l
ol? 7|27|7} M1 A5p71 W
o MMet 2z 2 ="HI5| EL)
3018 x 5% + 58K EM & Yopy 20949,




=0l K7}

t compared to
control (p-value)

“I don’t know”
assignments

95% Conlidence

Mean accuracy Interval (low, hi)

Control (deliberately bad model) 86% 83% 90% - 3.6%
GPT-3 Small 76% 72%—80% 3.9 (2e-4) 4.9%
GPT-3 Medium 61% 58%—65% 10.3 (7e-21) 6.0%
GPT-3 Large 68% 64%-72% 7.3 3e-11) 8.7%
GPT-3 XL 62% 59%-65% 10.7 (1e-19) 7.5%
GPT-3 2.7B 62% 58%—65% 10.4 (5¢-19) 7.1%
GPT-3 6.7B 60% 56%—63% 11.2 (3e-21) 6.2%
GPT-3 13B 55% 52%-58% 15.3 (1e-32) 7.1%
GPT-3 175B 52% 49% 54% 16.9 (1e-34) 7.8%

Table 3.11: Human accuracy in identifying whether short (~200 word) news articles are model generated. We
find that human accuracy (measured by the ratio of correct assignments Lo non-neutral assignments) ranges from 86%
on the control model to 52% on GPT-3 175B. This table compares mean accuracy between five different models, and
shows the results of a two-sample T-Test for the difference in mean accuracy between each model and the control model
(an unconditional GPT-3 Small model with increased output randomness).

2777 A |

Setting 2D+ 2D- 3D+ 3D- 4D+ 4D- 5D+ 5D- 2Dx  1DC
GPT-3 Zero-shot 769 580 342 483 40 75 07 08 198 98

GPT-3 One-shot  99.6 864 655 787 140 140 35 38 274 143
GPT-3 Few-shot  100.0 989 804 942 255 268 93 99 292 213

Context — (: What is 17 minus 147
Az

Target Completion — 3

Figure .43: Formatted dataset example lor Arithmetic 2D-

Context —» Q: What is 98 plus 457

A:

Target Completion — 143

Figure G.44: Formatted dataset example for Arithmetic 2D+

https://arxiv.org/abs/2005.14165, &% @ ETRI/ SE{2{AMA HelloDD ADIE 23 (3/13) L HAIZ 2012
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Poor English input:
Good English output:
Poor English input:
Good English output:
Poor English input:

I eated the purple berries.
I ate the purple berries.
Thank you for picking me as your designer. I’d appreciate it.
Thank you for choosing me as your designer. 1 appreciate it.
The mentioned changes have dome. or I did the alteration that you

requested. or I changed things you wanted and did the modifications.
Good English output: The requested changes have been made. or I made the alteration that you
requested. or I changed things you wanted and made the modificatioms.

I’d be more than happy to work with you in another project.
I’d be more than happy to work with you on another project.

Poor English input:
Good English output:

Poor English input: Please provide me with a short brief of the design you’re looking for and
that’d be nice if you could share some examples or project you did before.

Good English output: Please provide me with a brief description of the design you’re
looking for and that would be nice if you could share some examples or projects you have
done before.

The patient was died.
The patient died.

Poor English input:
Good English output:

We think that Leslie likes ourselves.
We think that Leslie likes us.

Poor English input:
Good English output:

Zero-shot One-shot Few-shot

175B Params

Natural Language
Prompt

Accuracy (%)

13B Params

1.3B Params

Number of Examples in Context (K)
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—#— LaMDA —a— GPT-3 —#— Gopher —&— Chinchilla —i#=PalLM --- Random Emergent scale
Train. FLOPs Params.  Model  Reference
(A) Mod. arithmetic (B) IPA transliterate  (C) Word unseramble (D) Persian QA
a0 b =0 | 50k =0k Few-shot prompting abilities
. . * Addition/subtraction {3 digit) 2.3E+22 138 GPT-3  Brown et al. (2020)
=40 a0 E d0f 5 A0 * Addition/subtraction (4-5 digit) J.1E+23 1758
= wl = | 5 a0l = 4l * MMLU Benchmark (57 topic avg.) J.1E+23 1758 GPT-3  Hendryeks et al. (2021a)
g ; ' ‘é ’ ‘é L - . * Toxicity classification (CivilComments) 1.3E+22 7.1B Gopher  Rae et al. (2021)
E s E m | 20+ = mt = Truthfulness {Truthiul QA) o.0E+23 2808
g 2] 2 = = MMLU Benchmark (26 topics) 8.0E+23 2808
= 101 o ER g Fwor « Grounded conceptual mappings 3.1E+23 1758 GPT-3  Patel & Pavlick (2022)
- [ L [ L gt ¥ _ | = Al wchmark (3l topies b LB i shamehalla mann et al.
0 0 0 o MMLU Benct k (30 topics) 5.0E+23 0B Chinchilla Hoff L. {2022)
" - ; . p 'N '13 o - " . . Im I:ru " - f I:u-s - " I:r:r '24 * Word in Context (WiC?) benchmark 25E+24 540B Pal.M Chowdhery et al. (2022)
10RO 105 10 LORELOE 05 1 HORE 1058 105 10 LR 105105 10 » Many BIG-Bench tasks (see Appendix E) Many Many ~ Many  BIG-Bench (2022)
Augmented prompting abilities
(E) TruthfulQA (F) Grounded mappings (G) Multi-task NLU (H) Word in context = [nstruction following (finetuning) 1.3E+23 681 FLAN  Wei et al. (2022a)
Y} O 70k T | * Scratchpad: 8-digit addition (Anetuning) BO9E+19 4001 LaMDA  Nye et al. (2021)
B0 60 | B0 * Using open-book knowledge for fact checking  1.3E+4+22 7.1B Gopher  Rae et al. (2021)
-;é‘ so b § &0k Eg-:‘ 5 k- - * Chain-of~thought: Math word problems 1.3E+4+23 G801 LaMDA  Wei et al. (2022h)
‘:: wl ";: wk “';“ aw k * Chain-of-thought: StrategyQA 29E4+23 628 Pal.M Chowdhery et al. (2022)
] ] ] * Differentiable search index 3.3E422 11B TS Tay et al. (2022h)
g0r S g30F = 0 o Self-consistency decoding 1.3E+23 688  LaMDA  Wang et al (2022b)
E 20 E 20 ,_:,:"'e 20 * Leveraging explanations in prompting SOE+23 2808 Gopher  Lampinen et al. (2022)
10 | 1y | 10 | ® Least-to-most prompling J.1E+23 1758 GPT-3 Lhoun et al. (2022
P pling
of, ) . ot ) ) o, ) ) o ) ) s Zerp-shot chain-of-thought reasoning 3.1E+23 1758 GPT-3  Kojima et al. (2022)
1020 g g 080 2 o w020 1p? 1 102 1022 1o s Calibration via P{True) 2.6E+23 52B  Anthropic Kadavath et al. (2022)
s Aultilinpual chain-of-thought reasoning 2O0E+23 2B Pal.M Shi et al. (2022
B B B
Model scale (training FLOPs) * Ack me anything prompting 14E+22 6B EleutherAl Arora et al. (2022)

Wei, Jason; Tay, Yi; Bommasani, Rishi; Raffel, Colin; Zoph, Barret; Borgeaud, Sebastian; Yogatama, Dani; Bosma, Maarten; Zhou, Denny; Metzler, Donald: Chi, Ed H.; Hashimoto, Tatsunori; Vinyals, Oriol;
Liang, Percy: Dean, Jeff; Fedus, William}, "Emergent Abilities of Large Language Models", Transactions on Machine Learning Research; arXiv:2206.07682; (2022), URL: https://arxiv.org/abs/2206.07682
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ChatGPT can make mistakes. Consider checking important information.
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GPT-40 mini

Faster for everyday tasks

GPT-4
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Figure 2. Humans' and Al's mean scores (average of all responses within each trial) and max scores (the highest
scoring response within each trial) as revealed by sematic distance analysis (A, B) and human subjective ratings
(C, D).
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. Dongsoo Lee
21412
MR A S nature =2 214 H 50| ZHE = 2 L|Ct "Best humans still outperform artificial
intelligence in a creative divergent thinking task”

https://www.nature.com/articles/s41598-023-40858-3
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conclusionQ| £3| =220 gL},

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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Conventional Growth Cycle

Forecasting gap

Forecasting reference year ﬂ Early-stage forecasting (under-estimation)

/ E Late-stage forecasting (over-estimation)

“Return to normal” bias
Time

https://transportgeography.org/contents/conclusion/future-transportation-systems/flaws-forecasting/
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IQ of Generative Als

- 2024.02.27.
Result of IQ Test

Your IQ lies outside the range that the test is currently able to measure. We will be Mensa Norway Test (35 questions; test given twice)
expanding the measurable range of this test as soon as we have gathered more data.

* Random guesser: 17% right.

* ChatGPT: 14% right.
Din 1Q beradknas vara: . . .
o __ % i Mensa Sweden Test (24 questions; given twice)
Lidgre dn vad det har provtestet méter

* Random guesser: 20% right.

. . . » e ChatGPT: 27% right.
bad thinking vs bad vision? a rig

Mensa Denmark Test (39 questions; given twice)

e Random guesser: 17% right.

* ChatGPT: 21% right.

ALL Test Questions Pooled (196 in total)

e Random guesser: 17.5% right.
e ChatGPT: 20% right.

Q 70 85 100 115 130

Mindre &n 5% av befolkningen uppnar detta resultat. Din 1Q &r maximalt 75.

https://www.maximumtruth.org/p/top-ais-still-fail-ig-tests
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Exercise 2

+

+

O

Select answer
B
E
<

C
+
Ii

https://www.maximumtruth.org/p/ais-ranked-by-iq-ai-passes-100-iq
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o

Norway Mensa’s 35-question matrix-style IQ test.
NZZOIQIE ErEt 4 JUEE O3S B2 BN 2R
I

Below is a verbal description of a puzzle, consisting of a 3x3 grid, with the lowest-right square
being empty. Please consider the patterns and determine the appropriate answer to fill in the
empty square.

First row, first column: Four small black dots placed on corners of a large imaginary square. Inside
that is a hollow circle in the center.

First row, second column: Four small black dots placed on corners of a large imaginary square.
Inside that is a plus sign in the center.

First row, third column: Four small black dots placed on corners of a large imaginary square. Inside
that is a hollow diamond shape in the center.

Second row, first column: A large hollow four—pointed star-like shape with a hollow circle in the
center.

Second row, second column: A large hollow four—pointed star-like shape with a plus sign in the
center.

Second row, third column: A large hollow four—pointed star—like shape with a diamond shape in the
center.

Third row, first column: A large hollow square with a hollow circle in the center.

Third row, second column: A large hollow square with a plus sign in the center.

Third row, third column: [what should go here? Please pick from the answers below.]

Answer options:
* Option A: A large hollow square with a hollow circle in the center.
* Option B: A large hollow square and large hollow four—pointed star—like shape overlapping.
* Option C: A large hollow square with a plus sign in the center.
* Option D: A large hollow square.
* Option E: A large hollow square with a hollow diamond shape in the center.
* Option F: A large hollow square with black dots on its corners.
* Which answer is correct?
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IQ of Generative Als

« 2024.03.05.

Result of IQ Test
Norway Mensa’s 35-question matrix-style 1Q test. e s
A|ZH ol et £ 8 /S U= HHROjM 2E 25
100

115

130

145

-30 =20 -1o +1o +20 +30

Average Mensa

You
Your 1Q was measured to 85 which is equivalent to the 16 percentile, with a standard deviation of 15.

https://www.maximumtruth.org/p/ais-ranked-by-ig-ai-passes-100-iq
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Exercise 2
[ ] ® [ ] ® ® [ ]
O + O
° ° ° ° . °

O + ?

Select answer
B C
£ n
D E F
o] ]

https://www.maximumtruth.org/p/ais-ranked-by-iq-ai-passes-100-iq
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J¢Claude

The correct answer is C. ... the top row combines a circle with various shapes,

[wrong. It combines 4 dots with various shapes] the middle row combines a four-pointed
star with those shapes [right], and the bottom row should combine a diamond with
the shapes [odd phrasing at best]. The shape progression in each column is circle, plus
sign, diamond [correct]. Therefore, the missing pattern should have a diamond [yes]

above a plus sign [no!], which matches answer choice C [no.]

U= 0| Y

The correct answer is Option E: A large hollow square with a hollow diamond

shape in the center.
The pattern in the puzzle is:

1. The outer shapes in each row are consistent: dots in the first row, star in the

second row, and square in the third row.

2. The inner shapes change consistently in each column: circle in the first

column, plus sign in the second column, and diamond in the third column.



2024.09.25. SR A 7|&5H3 EE2|Y. 0|43 jehyun.lee@gmail.com

IQ of Generative Als

T Copilot
« 2024.03.05.

=L

The correct answer is C. ... the top row combines a circle with various shapes,

Exercise 2
[wrong. It combines 4 dots with various shapes] the middle row combines a four-pointed
e o * o ° 0‘ star with those shapes [right], and the bottom row should combine a diamond with
e e o o e e the shapes [odd phrasing at best]. The shape progression in each column is circle, plus
sign, diamond [correct]. Therefore, the missing pattern should have a diamond [yes]
above a plus sign [no!], which matches answer choice C [no.]
ak I_ o_l olad B®  mcopilt [ Notebook [ Gettheapp ‘
EE H Jll = e
{
‘? ',l Copilot
O + n This is an interesting puzzle. It seems to follow a pattern of combining the shapes from the first and second rows to form the shapes in
the third row. For example, the first column has a circle, a star, and a square with a circle. The second column has a plus sign, a star,
and a square with a plus sign. Therefore, the third column should have a diamond, a star, and a square with a diamond. The correct
Select answer answer is Option E: A large hollow square with a hollow diamond shape in the center. Here is a visual representation of the puzzle and
the solution:
" | 9009 9009 00609 o
o S s.58 .38
1® o @ + @ |
] [ + ® ee oo o 2l o :l -I CHH
/ P00 0096 0009 -1 n—E s b =
JARN/EN [ /N | /SN |
[R5/ N N |
D E F o ol+ 4| I
I'N 20X Z10Xx /1
<> I:I [ A [

| | | |
| | | |
(ISR B |
| | | |
| I | |

©

https://www.maximumtruth.org/p/ais-ranked-by-iq-ai-passes-100-iq @ Askme snyihing. .
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Als ranked by I1Q

Questions right
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G

Maximum Truth. o;'é

Chance it beats

Al IQ Score (outof 35 pertest) random guessing
Claude-3 101 18.5 99.999999%+ Ha 0|4
ChatGPT-4 85 13 99.9986%
Claude-2 82 12 99.9911%
Bing Copilot 79 11 99.9314%
Gemini (normal) 77.5 10.5 99.8212%
Gemini Advanced 76 10 99.5894%
Grok 68.5 7.5 87.9402%
Llama-2 (Meta) 67 7 80.3278%
Claude-1 64 6 56.3155%
ChatGPT-3.5 64 6 56.3155%
Grok Fun 64 6 56.3155%
Random Guesser 63.5 5.8333 50%

https://www.maximumtruth.org/p/ais-ranked-by-iq-ai-passes-100-iq
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(D @& ol-preview v

Model

GPT-40
Great for most tasks

ol-preview
Uses advanced reasoning

o1-mini
Faster at reasoning

More models

Temporary chat

https://openai.com/index/introducing-openai-o1-preview/
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Korean Cipher

https://youtu.be/eZDmDn6Iq9Y?si=Du3_7qhwzu9X1xuv
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Translate this to English: 22 HME 2= 25 7 B3l S=llss 82 FEE * /e
-._-':.-}J:LQI 0|-§§t HIH O] ,%I.EE- Egmt Et%% [[tOt-s} H3e 2 20/ = |

SO|3tOM EHMSZ [
A EQA Y=L WMNOIEL QDXL BHER SIZEE|H OIS

A L
AN Ol CH

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

=

2174 Ol HET|E 912 4 QAT FHAASS A7 oHE 4 Y= 330 YB3} WHO| ULt BT} 2O
Chobt MO R o|ul QAISHHA EHYOR T2 HojA| BELs WA
=

https://youtu.be/eZDmDn6Iq9Y?si=Du3_7qhwzu9X1xuv
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@ ChatGPT 4o

2, Share

2|74 OfEH HSJ|S 912 4 QAT SIS 217 YotE 4 QUi 320 A53 Y
0| IC}, B3t 20| LISt MBSO R o|nj= GAISHHA EHAOR Ch2A| Ho|H
BlE S uhAo|CE 9B AlS BUSE HZtE|A| BHE 4 UL

®  The text you provided seems to have several typos or unconventional spellings, making it difficult

to fully translate it accurately. However, here's a possible interpretation based on what seems to

be intended:

QUS| HOfS 4 Qi SIS ubHo| R 22 OILRIT, SHRAUS 2 7|E el oju|E
mpobgt 4 QL ZHEHSE uhHO| YUSLIC) LSt RS BES Soll ZRYoR My
£ A&LCt, 2L} mjuiE S A Q B3| Hetdo| R o Eate| of 2|7} U=
olAL|C}

M = .

If you meant for the original to be in a more standard form, feel free to correct any sections, and

| can provide a more accurate translation.



2024.09.25. SR A 7|&5H3 EE2|Y. 0|43 jehyun.lee@gmail.com

IQ of Generative Als

(& ChatGPT o1-preview 2, Share

Translate this to English: 2| &2 HAJE L5 7+ SUFE 2=0l

_ O 0OA A = —
s 24 AEHE = U= 229

5t oo 2 2 Cp5A ZY2 BE
S wmolet IZFS BUSE AL BE 2 UY

® Thought for 11 seconds v

There is a method of encrypting Hangul that no translation software on Earth can read, but
Koreans can easily recognize. It's a way of creating a playful yet superficially different appearance

by various transformations of vowels and consonants. It can even confuse Al models.

(]l] @ gv



(& ChatGPT o1-preview &, Share

&

©O| ACH 2Zat 252 CfFel He
U= SAoIC, ASA|S RESE AL A S + AC

Thought for 11 seconds »

Transcribing the text =z HIAE FAM

jehyun.lee@gmail.com

I'm analyzing the garbled Korean text, noting typical typos or encoded elements, and
suggesting it might be shifted Korean Hangul.

Adjusting my approach QE} £ HA AL

I'm correcting typos and translating the text to ensure it conveys the best possible meaning in
English. This process involves identifying the intended Korean text and translating it accurately.

Deciphering Hangul o= : 28, A5 WY

I'm examining a method of encrypting Hangul, which translation software struggles with, but
Koreans can recognize. The technique involves transforming vowels and consonants to make
the text appear fundamentally different.

Refining the translation T&2 e HY

Piecing together the translation, | aim to clarify each sentence for accurate, nuanced
communication, ensuring every phrase is appropriately translated.
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_§_4

I I
50 60 70 80 90 100 110 120 130 140 150 160
Average 1Q
© | OpenAl o1 preview O Llama-3.1 0 Grok-2
mf;" Gemini Advanced (Vision) ﬁ Gemini Advanced @ GPT4 Omni (Vision)
® GPT40mni @) cracrra (1) Bing Copilot
Claude-3.5 Sonnet % Claude-3 Opus % Claude-3 Opus (Vision)

https://www.maximumtruth.org/p/massive-breakthrough-in-ai-intelligence
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Question #35

Exercise 35

|
% | <

Select answer

A B c

D 225
D E F
N1 N ZaN

https://www.maximumtruth.org/p/massive-breakthrough-in-ai-intelligence

2024.09.25. stz dA7|&sk3| SE2|Y, 0|A|3 jehyun.lee@gmail.com

o1-preview 4™
Option D — By analyzing the patterns in the grid, we see that each column
combines certain components to include all elements (V, upside-down V, rectangle
sides) by the third row. In the third column, components Rleft and Rright (the
rectangle's sides) have not yet appeared. Therefore, the correct answer for the
empty cell is Option D, which includes the normal 'v' and the two sides of the

rectangle, completing the set of components for that column.

Jz|se| Bjetg us 2 0| S2 74 248 Tsi0) M Wil
LA RE QA (V. HRZ &I EI
2 LI Ml Y Zol= 25T 0 2%

L o] 74 2
A7) 012} LIERLIR| SIRtELITE, T2k ol Zbe| HER 84 D2, A
AZEYO| £ I Ut VS BESH0] T Po| A 24 YBE o

st AL,
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https://youtu.be/zD2Emo560u8?si=Un2vapTB_zp_50sK



09.. More Statistics for Chatbot Arena - Hard Prompts (Overall)

More Statistics for Chatbot Arena - Math

Figure 1: Confidence Intervals on Model Strength (via Bootstrapping)

Figure 1: Confidence Intervals on Model Strength (via Bootstrapping)
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The soul grows by subtraction, not addition

Henry David Thoreau

Simplicity is the ultimate sophistication.
Steve Jobs
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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

research.

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

10.1038/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.
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3. Interface &3}

Question:
What is the largest cavity diameter of MIBOAR167?
> 22
Ve Answer:
M S ChatMOF
The largest cavity diameter of MIBQAR16 is 15.0 A.
HUMAN

Question:
Can you generate structure with accessible volume
fraction with 0.5 and visualize it?

-.. r.-\. n
-

Answer:

ChatMOF

10.1038/s41467-024-48998-4
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3. Interface &3}

ChatMOF

Agent Toolkit ﬂ
' == ' Query @ + Toolks with various functios for matarals

— — ; = Combine LLM with dalabaze, ML, python, ate.
R e
HUMAN e O P S Search data
sodve the problem :' il =
T T e from Look-up table
Predict property
No using MOF Transformer
Evaluator ®
L ° L Generate MOF
. L] i L that satisfies condition
w .- & .
— ~ Utilitie
s
e L [H]  coioviator visuaizer
Final Froride internet-search, ete.
* i PESpOnSE
Answer

10.1038/s41467-024-48998-4



Chemoinformatics

Chemistry automated by
large language models

Ana Laura Dias & Tiago Rodrigues

Automation of chemistry research has focused on developing

robots to execute jobs.

Artificial-intelligence technology has

now been used not only to control robots, butalso to plan

Is ChatGPT making scientists hyper-
productive? The highs and lows of using Al

their tasks on the basis

2024.09.25. et d7|estz|

Nature | Vol 624 | 21/28 December 2023 |

E
T

E2|d. 0]A|& jehyun.lee@gmail.com

Large language models are transforming
scientific writing and publishing. But the
productivity boost that these tools bring
could have a downside.

ChatGPT continues to steal the spotlight,
more than a year after its public debut.

The artificial intelligence (Al) chatbot was
Nature | Vol 627 | 7 March 2024

MNature | Vol 625 | 18 January 2024

use of LLMs in research writing. In a 2023
Nature survey of more than 1,600 scientists,
almost 30% said that they had used generative
Al tools to he[p Write maniierrinte and ahnnt
15% said they had u Somputer science

grant applications. Large Ianguage mOdEIS

And LLMs have ir

san help scientists: NEIP programs to evolve

Jean-Baptiste Mouret

A branch of computer science known as genetic programming
has been given a boost with the application of large language
models that are trained on the combined intuition of the

world’s programmers. See p.468
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Journal of Laboratory Automation

Published in Association with Society for Laboratory Automation and Screening &

Advancing Translational Science and Technology

Editor Edward Kai-Hua Chow, Ph.D. Editor-in-Chief, National University of Singapore

elSSN: 15402452 | ISSN: 22110682 | Currentvolume:21 | Currentissue: 6 @Frequency: Bi-monthly

Translating Life Sciences Innovation! In January 2017, JALA will become SLAS Technology. &'

JALA explores ways in which scientists adapt advancements in technology for scientific exploration and experimentation.

The journal of Laboratory Automation (JALA) is a rigorously peer-reviewed, multi-disciplinary journal devoted to the advancement of technology for conducting life sciences and biomedical
R&D. It is an official journal of the Society for Laboratory Automation and Screening (SLAS), and provides a unique international forum for the presentation of method-focused scientific
reports.

The journal emphasizes scientific and technical advances that enable and improve life sciences research and development; drug-delivery; diagnostics; biomedical and molecular imaging;
and personalized and precision medicine. This includes high-throughput and other laboratory automation technologies; micro/nanotechnologies; analytical, separation and quantitative
techniques; synthetic chemistry and biology; informatics (data analysis, statistics, bio, genomic and chemoinformatics); and more.

JALA authors, readers, and reviewers are academic, commercial, and government researchers, scientists, and engineers who conduct research and develop new technologies to increase
productivity, elevate data quality, reduce lab process cycle times, or enable experimentation that otherwise would be impossible.

This journal is a member of the Committee on Publication Ethics (COPE)

Journal URL: https://us.sagepub.com/en-us/nam/journal-of-laboratory-automation/journal202089 http://journals.sagepub.com/home/jla
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Toward a more scientific science (Science, 2018)

Tradition and innovation in scientists' research
strategies (American Sociological Review, 2015)

Choosing experiments to accelerate collective
discovery (Proceedings of the National Academy of
Sciences of the United States of America, 2015)

Metaknowledge (Science, 2011)
A nanomaterials discovery robot for the Darwinian

evolution of shape programmable gold
nanoparticles (Nature Communications, 2020)

2 Y E9|3

Machine science (Science, 2010) //__.

Autonomous chemical research with

large language models (Nature, 2023) \*\

Migraine and magnesium eleven neglected connections.
(Perspectives in biology and medicine, 1988)

Next-generation intelligent laboratories for materials
design and manufacturing (MRS Bulletin, 2023)

Bayesian reaction optimization as a tool
for chemical synthesis (Nature, 2021)

Accelerated exploration of heterogeneous CO2 hydrogenation

catalysts by Bayesian-optimized high-throughput and
automated experimentation (Chem Catalysis, 2024)

The automation of science (Science, 2009)

The rise of self-driving labs in chemical and materials sciences (Nature Synthesis, 2023)
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_So what if ChatGPT wrote it__Multidisciplinary
perspectives on opportunities, challenges and implications
of generative conversational Al for research, practice and
policy (International Journal of Information Management,
2023)

Functional genomic hypothesis generation and
experimentation by a robot scientist (Nature, 2004)

Security and privacy concerns in cloud-based scientific
and business workflows A systematic review (Future
Generation Co, 2023)

Data-driven materials research enabled by natural
language processing and information extraction
(Applied Physics Review, 2020)

The automation of science (Science, 2009)

Discovery of wall-selective carbon nanotube growth
conditions via automated experimentation (ACS Nano,
2014)

Self-driving laboratory for accelerated discovery of thin-
film materials (Science Advances, 2020)

Convergence of multiple synthetic paradigms in a
universally programmable chemical synthesis machine
(Nature Chemistry, 2021)

High-Throughput Study of Antisolvents on the Stability
of Multicomponent Metal Halide Perovskites through
Robotics-Based Synthesis and Machine Learning
Approaches (Journal of the American Chemical Society,
2021)

Towards Robot Scientists for autonomous scientific
discovery (Automated Experimentation, 2010)

A mobile robotic chemist (Nature, 2020)
Automation in the Life Science Research Laboratory
(Frontiers in Bioengineering and Biotechnology, 2020)

Cloud computing applications for biomedical science A
perspective (PLoS Computational Biology, 2018)
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Figure 3. Experimental visualization of the 30 different experimental conditions (circles) regarding the blade-coating of P1 ran through the Polybot § Ask any question...
Interface (also depicted in Figure S6, Supporting Information). A) Representative transfer curve for OFETs measured in perpendicular coating direction. 2 ’
5
B) Representative transfer curve for OFETs measured in parallel direction. C) 3D (top) and 2D (bottom) surface response of the average mobility towards 2
e the experimental conditions. D) 3D (top) and 2D (bottom) surface response of ratio of perpendicular to parallel mobility towards the experimental R S MATH
conditions. The linear interpolate module from SciPy library was used to interpolate the scattered data onto a uniform grid. The grids are color-coded g
based on the average mobility and perpendicular to parallel mobility ratio, respectively. <]
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tions, parallel and perpendicular to the direction of blade-coating

to understand the anisotropic implications with the coating tech-

nique. Furthermore, the average charge mobility, calculated from
[ both perpendicular and parallel charge mobilities, was also evalu-
' & ated to provide a comprehensive view of the electronic properties
of the semiconducting materials in thin films. Our preliminary
observations revealed that the charge mobilities in both perpen-
dicular and parallel directions exhibited similar orders of magni-

tude.

Toward obtaining an overall view of the electronic properties of
the polymer, the impact of temperature and blade-coating based
processing on the overall average mobility, the average thin film
mobilities were 3D and 2D mapped as shown Figure 3C. Through
the high-throughput experimentation, we observed that higher
average mobility values were displayed at coating speeds that
ranged from 10 to 20 mm s ~' and at elevated temperatures,
with the highest average mobility value being measured at 0.0151
em? V-1 51 occurring at 10 mm s ~' at a temperature of 50 °C.
Conversely, the lower range of mobilities observed were at coat-
ing speeds beneath the 10 mm s~! range (such as 0.00166 cm?
V-1 51 at 6.5 mms~'), and between 25 and 35 mm s~! (such as
0.000666 cm? V! s~! at 30 mm s'). It is noted that with blade-

[ coating, the velocity at which the coating occurs significantly im-
pacts factors such as chain alignment and film crystallinity, all
of which play a role in charge transport, but the optimal speed
can be unique for each material, thus automated high through-
put screening is advantageous for optimizing this processing
parameter.[?$3] More broadly, it was also noted that higher sub-
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rect influence of the b sgject 3 statement in the PDF to use Copilot De-
fined as the ratio in charge carrier mobility between the parallel
blade-coating direction to the perpendicular one, charge mobil-
ity anisotropy is a particularly desirable characteristic in organic
electronics due to its contribution to directionally enhanced me-
chanical and optoelectronic properties. When investigating the
charge carrier anisotropy of the films, as depicted in Figure 3D,
it was observed that higher anisotropy occurred at lower coating
speeds, particularly under 10 mm s', indicating that lower ve-
locities favor greater alignment within the hydrogen containing
polymer system, as per Table S1 (Supporting Information). No-
tably, the highest anisotropic ratio measured in the set of exper-
iments at 690.60 (0.004519 cm? V-! s~! in the parallel direction
versus 6.54E-% cm? V-! s7! in the perpendicular direction) oc-
curred at a coating speed of 1 mm s~' at a temperature of 45 °C,
further demonstrating that at lower speeds, greater alignment
can occur due to kinetic trapping effects, thus resulting in more
directional mobilities.|**] However, it was noted that at a coating
speed of 0.1 mm s as per Table S1 (Supporting Information), no
significant anisotropy was observed, indicating that even lower
speeds might not be beneficial for chain alignment. This, how-
ever, could also be potentially attributed to the low boiling point
of CHCI, resulting in poor film quality and solvent evaporation
as the blade moves, thus resulting in a poor-quality film as the
solvent evaporates before the coating occurs properly. This could
potentially be mitigated by processing in higher boiling point sol-
vents such as chlorobenzene, therefore potentially allowing for
proper evaluation of sub-1 mm ! coating speeds.
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# Step 1. Whatever the user input is, including file uploading, say "9H33SIA|27?", then print "E1A] £2i0)| st A= S Mx|8HL|C}." and activate Data Analyst and execute "Code 1: User-defined Function
Setting”. Then, say "2E 4|7} gt=E|USL CL" knowledge E2l| .docx &8 2|31/ st [ E M3
# Step 2. After "User-defined Environment Setting" is completed, check if the user uploaded file(s). = =

p g"is comp P U243t mplo] 2olz| Etol,

## case |. if False, say "0 =22 SFAH." ==
## case Il if True, say "S2{F4 IHY S FO{EUSLICE, ZA|O J|Cl2{AH2."

When a PDF or DOCX file is uploaded, check if it has a proper format as a scientific paper. Then, extract following data. =2 7|2 ZH ==
i , - title, year, authors, journal, volume, doi &
* title : title of the paper
* year : publication year
* authors : list of the authors
* journal : name of the journal
* volume, issue, pageRange, articleNo : relevant literature information
* doi : Digital Object Index.

If the uploaded file is determined as a non-paper, print "=20]| O}l Z4 Z+&L|Ct, &l BLEFERIL|CL " and stop process. =0|2tH LjE mek 2IsH B Z1sH
Do not wait for the input of the user. Proceed without asking.

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.

Follow the processes by step by step.

* Code 1: User-defined Function Setting
“python
import subprocess

subprocess.run(["pip", "install", "--user", "/mnt/data/paperbot-0.15-py3-none-any.whl"])

from paperbot import gen_doc
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f gen_doc(title, year, authors, journal="", volume="", issue="", pageRange="", articleNo="", doi="",

El ]
purpose="", contribution_academic="", contribution_industrial="", method_names=[], method_explanations=[],

originality names=[], originality_explanations=[], limitation_names=[], limitation_explanations=[], references=[]):
doc = init_doc(title, year, authors, journal, volume, issue, pageRange, articleNo, doi)
doc =

"N

add_content(doc, purpose, contribution_academic, contribution_industrial, method_names, method_explanations, originality_names, origina
filename = save_doc(doc, authors, journal, year)

print(f"Document created: {filenamel}")

return filename
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Ce 2 EII9H §X &4 30c0M EE]
sE # 8% 2 2 wH g 7 sgi sgh stotal
Sample (%) 7 (mAh/g) (%) (%) (mAh/g) (nm) (S/m)  (S§/m)  (S/m)
LMO 000 &= 108 81 0.13 19 45 - - -
|
LMO- 001 Z 106 85 0.10 0 23 2.75 147 0.96
Cel-A 7|
7
LMO- 002 & 97 67 0.22 1 18 6.75 6.19 3.23
B 842 X
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=8 == f|o|E] (xsIx) & ©21A}O|E (.docx)

A B C D E F G H

1 Sample 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
2 LMO-A 8.228 557.1 45 108 81 0.13

3 LMO-Cel-A 8.23 5574 23 106 85 0.1

4 |LMO-Ce2-A 8.221 555.6 18 97 67 0.22

5 LMO-Ce3-A 8.228 557.1 23 29 78 0.15

6 LMO-Cel1-BA 8.227 556.8 18 101 97 0.02

7 LMO-Ce2-BA 8.227 556.8 22 93 93 0.05

8 LMO-Ce3-BA 8.224 556.2 17 94 93 0.05

9 |LiCe0.05Mn1.9504 123 91 [46]
10 |LiMn1.9REQ.104 (La) 97 [38]
11 |LiMn1.9REQ.104 (Ce) 93 [38]
12 |LiMn1.9REQ.104 (Nd) 95 [38]
13 |LiMn1.9REQ.104 (Sm) 94 [38]
14 |LiMn204 (solid-state) 8.247 561.03 [48-50]
15 |LiMn2-xRex04 (RE= La, Ce, Nd, Sm) 123 91 [38]
16 |LiMn204 (sol-gel) 97 [51-55]
17 |LiCexMn2-x04 [46]
Insight: Best Sample:

LMO-Ce1-BA M Z 2 1502] AIO|2 £ 97%2| =2 & RAl22 E0F 0, &5 LMOL Lt LMO-Ce1-BA

2 O oY g S LIEHE LITH81% = X &).

ME(Ce) =2 & T /UH H58 A 7§45, LMO-Ce1-BA ¥ E2 30C0I M 51 Reason:

mAh/gQ| EX UM 22k2 ShM B0 24 LM0O2| 19 mAh/g@t H| 8l 243t M52 HOf LMO-Ce1-BA =2 30C0{| Al 51 mAh/gl| &2 578 LT &1 1502] AtO[Z 2 97%2)
Ee 4% 8 RXIBR HOIH MBS M52 LIEHY Dol MEE MY

ASLICE B2 S S70AM 0|F t7| 222 #2 & HEeI5tY 5t =3 S A

O =2 ME =2S 7t ME(LMO-Ce2-A, LMO-Ce3-A)2 O =2 AtO| 22 8 &4 S ZiL|ct,

20|, §5| LMO-Ce2-A= AFO| 2 0.22% 8 20| 244510 Itz ot = A O| T 7|55

”59 MSHAIZ = AS S AlAFLILH.
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T Moces ocs. ‘
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As an expert in Materials Science and Engineering, read carefully the attached file and retrieve following information. 2024.09.25. sty 7|=sts| REC|Y, 0|23 jehyun.lee@gmail.com
Please work on it step by step after taking a deep breath. A o 45 2= Humlo=l oo =L7] OF
Do not print any additional words except for noticing process. -I-ZH E'ﬂ:ﬂ'ikl OI'EH ;ézl'oﬂ II|"-='-|' E“°|E'| FE=.= a---°} 2= °|'7‘| = gl

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. oy -
* reading 1: {answer as a table, with quantitative information. the columns should contain units} A 20]| [[}2 Az SA0|L} A2} EMS B2 H2|5tE2 A|A|l. column name ttQ|E X at5|of s,

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}.xIsx", but replace any blank (

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

) in the filename with underscore (

8. Ask me if | want to save it as .docx, too. L _ _
- filename : same to the .docx filename except for the extension. docx2k £3stz| 20|21 {USICHH C2 JLMCHE &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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- = @ rITj (im} @ Energy Al Applications Table X =+ — 0 X
. OH e 22 | |
[ LI o T = < C m () httpsy//chatgpt.com/c/2d2df4s... A ¢ £ s ®@ ® { m = Y% o
2 o A
A = E"E-:| _T'_, @D @& ChatGPT 40 . O

Quest_A 3D indicator for guiding Al...

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”,

HO|A] Hojofz 4 ol #HE EJ] EZY  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 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

Fuel Cell Performance data from fuel cells including voltage, current, and 1Classification of fuel cell types and performance charact Predictive maintenance schedules based on usage patter Optimizing fuel cell operation for max
Hydrogen Convergence Materials |Material properties, synthesis methods, and performance metrics. Classification of materials based on performance and ag Predicting material performance under various condition: Optimizing material synthesis processe
Photovoltaics 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
Winds 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
Energy Storage 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
Renewable Energy System 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 renewz
Energy ICT Data from smart meters, sensors, and communication networks. Clustering consumer usage patterns and energy consurr Predicting peak demand periods and potential grid over Managing smart grid operations and i
Energy Convergence System Integration data from different energy systems and sources. Classification of convergence methods based on perforiPredicting the outcomes of energy system integrations. Managing the integration process to n
Energy Conversion 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
Bioenergy and Resources Upcycling |Biomass composition, conversion rates, and byproduct data. Classification of biomass sources and upcycling methodPredicting bicenergy output based on biomass availabilit Optimizing bioenergy production proc
Clean Fuel 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

Clean Air Air quality data, emission sources, and pollutant levels. Classification of pollutants and their sources. Predicting air quality changes based on emission trends. Managing emission reduction strategie

Sector Coupling Data from interconnected energy sectors such as electricity, heati Classification of sector coupling strategies based on eff Predicting the impact of sector coupling on overall ener¢ Optimizing the integration of different

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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