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SUMMARY

1. Title

Mid- to Long-Term Strategies for Securing AGI Technological Competitiveness in the

Era of Digital Transformation

2. Research Objectives

Artificial General Intelligence(AGl) refers to an intelligence system capable of
performing human-level cognition, learning, reasoning, and creativity in an integrated
manner. Unlike Artificial Narrow Intelligence(AND, which is optimized for specific,
task-oriented functions, AGI represents a higher stage of evolution—an intelligent system
capable of autonomously solving diverse problems and generating new knowledge. With
the rapid advancement of large language models(LLMs), multimodal learning, and
simulation-based training technologies worldwide, the realization of AGI has become
increasingly tangible. However, despite these technological developments, the conceptual
boundaries and scope of AGI remain ambiguous, and a considerable gap persists between
technological progress and social acceptance.

While the Republic of Korea has achieved a competitive level of expertise in artificial
intelligence, the nation still lacks sufficient computational infrastructure, data resources,
and institutional frameworks necessary to realize large-scale, general-purpose intelligence
systems such as AGL Furthermore, given AGI's potential societal impact—including labor
market restructuring, policy decision automation, and challenges related to reliability and

safety—there is a growing need for a strategic national response that extends beyond
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mere technological advancement.

Accordingly, this study aims to analyze AGI from technological, societal, and policy
perspectives, to define its conceptual boundaries, development trajectory, and enabling
and constraining factors, and to present the empirical foundation for establishing a
national AGI strategy. The study also examines the technological architecture and
industrial diffusion potential of AGI and, based on this analysis, derives future directions

for the alignment of policy, R&D investment, and governance systems.

3. Contents and Scope of the Research

This study comprehensively examines AGlfrom its conceptual definition and
technological components to its development stages, industrial diffusion strategies, and
policy implications. The report consists of seven chapters. Chapter 1 introduces the
research necessity and objectives. Chapter 2 defines the conceptual scope of AGL
Chapter 3 analyzes its core technological elements, while Chapter 4 presents stage-based
scenarios for its technical and societal evolution. Chapter 5 identifies the key
technological, industrial, and social drivers that promote AGI development, and Chapter 6
investigates the major bottlenecks that hinder progress. Finally, Chapter 7 assesses the
industrial applications and diffusion strategies of AGI, focusing on its practical and
economic implications.

The scope of this research extends beyond a purely technical analysis to encompass
AGI's anticipated influence on social, economic, and policy systems. From the technical
perspective, the analysis centers on seven cognitive functions that emulate human
cognition—memory, reasoning, learning, metacognition, creativity, abstraction, and world
modeling. From the industrial perspective, the research focuses on six key sectors—
semiconductors and manufacturing, biotechnology and healthcare, finance and economics,

education and law, maritime logistics, and cultural content—to examine AGI's potential
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adoption pathways and diffusion strategies. From the policy perspective, the study aims to
establish a national management framework that integrates technology readiness(TRL),
social acceptance, and alignment evaluation. The methodology combines literature review,
technology trend analysis, case studies of industrial applications, and expert consultation,
thereby constructing an integrated framework that connects AGI's conceptual

understanding with its industrial and policy implementation dimensions.

4. Research Results

The central achievement of this research lies in redefining AGI as an ‘interactive
system among technology, industry, and policy” and outlining concrete development
trajectories for each dimension.

The analysis of AGI's technical architecture identifies seven core elements essential to
replicating human cognition: memory, reasoning, learning, metacognition, creativity,
abstraction, and world modeling. The study classifies the technical approaches to realizing
these functions into three categories—evolutionary, transitional, and pioneering.

The evolutionary approach focuses on enhancing efficiency and stability through
optimization of existing LLM-based technologies. The transitional approach integrates
multimodal learning and simulation-based training to strengthen contextual understanding
and environmental adaptability. The pioneering approach seeks to design entirely new
cognitive structures that transcend the inherent limitations of conventional Al Balanced
advancement among these three approaches is presented as the key driver of AGIs
qualitative transformation.

The analysis of AGI's developmental stages confirms that AGI's evolution is not a linear
extension of existing technologies but rather a process of co-evolution between
technological innovation and societal readiness. The study categorizes AGI's evolution into

five stages—Emerging, Competent, Expert, Virtuoso, and Superhuman—and evaluates each
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stage in parallel across three dimensions: technological maturity, safety verification, and
social acceptance. In particular, from the Competent stage onward, technological
uncertainty expands rapidly, underscoring the need for early establishment of technical
verification systems and alignment evaluation standards to ensure responsible
development.

The study identifies several key drivers that accelerate AGl advancement. From a
technological standpoint, securing high-performance computing infrastructure, developing
efficient algorithms, improving data quality, advancing multimodal integration, and
institutionalizing self-supervised learning are essential. Industrial drivers include public
procurement  initiatives, — public-private  co-investment, open-source  ecosystem
development, and the establishment of standardization policies. Social drivers center on
ensuring ethical trust and institutional stability. Conversely, major bottlenecks are found
in limited computing infrastructure, workforce shortages, regulatory uncertainty, data bias,
and lack of public trust. The findings demonstrate that AGI cannot progress meaningfully
without the concurrent advancement of technological, industrial, and social
infrastructures.

The industrial diffusion analysis highlights AGI's potential to transform all major
economic sectors. In the semiconductor and manufacturing industries, AGI enables process
automation, predictive maintenance, and production optimization, improving both
efficiency and quality control. In biotechnology and healthcare, it accelerates research
and development through enhanced drug discovery, genomic analysis, and diagnostic
support. In the financial and economic sectors, AGI enhances predictive modeling, risk
management, and regulatory automation. In education and law, it enables personalized
learning and automated legal consulting, while in maritime and logistics, it facilitates route
optimization and real-time supply chain prediction. Finally, in the cultural content
industry, AGI-driven creative generation technologies redefine production and localization
paradigms. These analyses confirm that AGIs industrial diffusion will not proceed

uniformly across sectors but will instead vary according to each industry’s technological
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readiness, data infrastructure, regulatory environment, and level of social acceptance.
Consequently, the study underscores the need for a phased diffusion strategy and
prioritization framework that reflect the characteristics of each industry. AGI's industrial
expansion must consider not only technological readiness(TRL) but also social trust and
policy alignment, requiring an integrated coordination framework between government

and industry.

5. Expectations

The findings of this study provide a conceptual shift that elevates AGI from a subject
of technological innovation to a domain of national strategic technology.

First, by establishing an integrated model linking AGI's technological, industrial, and
social dimensions, the research offers an empirical foundation for guiding future national
R&D investments and policy design. In particular, the tri-level technical structure—
evolutionary, transitional, and pioneering—and the stage-based development scenario can
serve as foundational references for formulating mid- to long-term technology roadmaps.

Second, the industrial diffusion framework enables government and private stakeholders
to identify priority sectors for AGI deployment and to enhance resource allocation
efficiency in technology policy.

Third, by analyzing AGI's enabling and constraining factors, the study contributes to
balanced policymaking by evidencing the need for not only technological investment but
also institutional reform and social consensus-building.

Furthermore, this research reinterprets AGI not merely as an extension of artificial
intelligence but as a national innovation system in which technology, industry, and policy
co-evolve. Through this perspective, the study identifies the strategic foundations
necessary for Korea to become a leading AGI nation—computing infrastructure, data

governance, talent cultivation, and safety verification systems. AGI development cannot
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be achieved through technical advancement alone; it requires the concurrent maturation
of social trust and policy alignment to translate technological potential into national
competitiveness. Accordingly, the outcomes of this study are expected to directly inform
the establishment of Korea's National AGI Initiative, the development of AGI-related
technical standards, and the formulation of sector-specific R&D roadmaps, ultimately

supporting the nation’s transition toward sustainable and trustworthy AGI leadership.
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—1)1

1) https://openai.com/charter/



Z&tiAgiiera y Arcas & Norvig, 2023). AGIS] &4 EAdo] MgAolgha F=shH, FHAl
LLMo] kgt FAE =9stal, o] A4S FdsiH, thg 22 d93 29L& A3t
1, thao] oA AHEshe, zero-shot Ei= few-shot S5 B3l M2E& 2ol 2%
& ¢ otk At 28y et 2 e SR ¥on, A WP e B
& wojof gt} o & Eo] LIMo] ZEE AAstAY 38 EAIE & 4 dvets, 1 4
H7F A whekA] o obz FEd

o,
4

3]
pad

01:0
E
™
=
N
<
o
o

ofr

2. CHAY AGI Fe

HZ dFolAME AGY TH ARE AAZ SR dA7] sl g F2Ho] ofd
AGl A& ofe] QAR FE38t 24 99 543 e 248 FAF
o] 548t JHMorris et al., 2024.; Feng et al., 2024).

7} 69HA AGI

(E2-1) g1t HEYo 7|Hhs HAEZ Folsh AGI

AEE) x H8&8(D F2 9 (Narrow) 4 -8(General)
General Non-Al
_ Narrow Non-Al A AY 716 AT
A4 0: No Al AR 2ZESo), ARYE | (ol obv}E Mechanical
Turk)
@4 1. Emerging Emerging AGI

Emerging Narrow Al

H&d 7tz
GIES & o F32 7)uk A 2El(¢): SHRDLU)

B8k oL 9-<7)

ChatGPT, Bard, Llama 2,
Gemini

Competent Narrow Al

‘v'ﬂ@ 2: Competent Alfsl Zdl= &%)7](Jigsaw),
G2 e8] B9 5 | 2ohE oA A, Voo | STROSE A
o] Al 2~"(PaLl), Watson, Q- e e

FA(SOTA LLMs)

Expert Narrow Al
W 2 A A (Grammarly), Expert AGI

Y olmA md ofA A EA &

(Imagen, DALLE 2)

@4 3: Expert =
(&@ Aol A9 10% | 7
o)




A5 X H&A(D) F<& ¢ (Narrow) H-8(General)
(Aj% i:] ;]/uili(;o 1% Virtuoso Narrow Al Virtuoso AGI
e ;‘] ) e P Deep Blue, AlphaGo o}z GAEA &S

o
4 5 Superhuman Superhuman Narrow Al Artificial Superintelligence
(ZE Az 59 %9 | AlphaFold, AlphaZero, StockFish o}z 2R &S

H AFAS dTolA = AGIE e 94 AHOE Asl] B, 7]& wre] 7}
9Ae E4e WEs FEske ©AE A7t T8 =¥ Atk Morris et
al.2024)2 ol 2|3t ool wet Aet HeAelgte F 7 & TACE AGE 6%
Az FEste BF AAE AdstAnh o] JZe AE&F EokollA Society of
Automotive Engineers(SAE)” #+&2} @A (Levels of Driving Automation)7} g3 =2]¢} 7]
= 214 Fgo " AL9S 7hsstA 9 A A, AGL 3H A2E A - 7)e

ﬂ.]O

g
T} o]2 Ea o7 712 AGI A7} T B olo|A] ZEF 4 A B
th. o)A Agiera y Arcas & Norvig2023)0] AAE A olE B AA A “Emerging AGI
o g3k, OpenAlZt AN @ e thA] 7154 71E 02 @ Hele Virtuoso AGI
7PAl X 3ek 531, Goertzel(2014), Shanahan(2015) 5o A A13 th4=2] 712 AGI 71d
2 “Competent AGI" B2 EF2 4 ok

A e 54 gAML A ol 8 s Ui, dide dd

=
FSATE B 0t Aol =9, Aol WA o] BEd e AdFHom 3
=2 Feth AZE FA ]

5]. /\61‘5- _1_']:_0]:0] tﬂ—/Kg?ﬂ- olr,]_.
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A Emerging AGle= €5 A Aol 2HA ALY AW A & ZF} HlS=5kA
U o U Aee HolAM, Al +8 59 AlgA o, ChatGPT, Llama 2,
Gemini 5] o]l sj@3tch 264 Competent AGIE thE-E-9] <12 Ao A &HH A9l
o] 3191 50% °)d e HolH, dF G = A7t 2 24T 5 JARL A
T HE Al F o] w2 =2 Alde flth 397 Expert AGle ¥ 49l 4
9 10% ol ARE Holw, o FA AHHAME w2 AFHE Btk 42
Virtuoso AGl= thE-9] A A 49 1% T FASH, Ha ¢34 Az dE7te}
FooAY I o] AAS E3gth SbAl ASl(Artificial Superintelligence)= E&
AA FANAM ¢I7Hs F7ketH, dzte] EAA o g £+  gle AHoE HZL

A7 HA4E 4 JE 58S TS AlphaFold7F Tl d 72 oSl A AA 1 3
S-S ol Zlo] & FHAlo A ] thEAQA AR

ojo} 22 WA A= G&d 7w AHY HUHE Hol, 4 A a7 HE A

87 584, W 8202 717, 22T A AF AA e FaF 2AE ATI,

>

. 39 AGL

(02! 2—1) Internal, Interface, Sytem, Alignmento]| 2 3&HA| AGI

Perception

Reasoning

Ethical
Abilities

Computing
Power

— Levell Sty
— Level 2 Scale
Lela Efficienc: y

—=- Human Level

A5: Feng et al,, 2024. Internal, Interface, Sytem, Alignmentel] w2 394 AGI



(E2-2) AGI $Z= 4 EYN

FHel 32 EA L1 L2 L3
= ofo| A It HeE BVt v v v
< 9K General) AA BANAM A 45E T X v v
AT MY flol AA xs} X X v
HAg] QI MY E AL 3ol HE | X v v

Tl TF A4 Yuks v
Hhvintemal) %]91 P !ﬂ:l :ésf T ;
B3 oA E2A B 5 X X v
AT 9 T Al N2"l3 &3] Y X v v
o1 B o] A(Interface) AH_E% ETE Z}%/:H 07 *M% X X v
A7) 5 4-8E 5 A5H P X v v
1, AR A, A3A A5 T3 X X v
24, AAA, A F AF v v v
A 2 ¥ (System) dolE], AY, AFE &AL 2k A X v v
s o, 24, ¥4, WE Ad X X v
/[ AXNE A3 & v v v
% 2 (Alignment) Folx ARgARY] HBE A8 WY v v v
AHEAL- AFE] 4 «l 7} 28} E3kol A3 X Py Py

Z-5: Feng et al,, 2024. AGl = 2 54 Hl?ﬂ_

39| Ultimate AGI= AGL 29| Aol sidshs d oz, Azl Algshe AlF4
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e Rl 1= L IR e R
e} &3 o] BAY AGIE 37 (empathy) A+8] A 21 2(social awareness),
AZ)o)= 27] ¢4l (self-consciousness) ol 7H7He EAS HoE 75Ao] glom, o8 B
3 Q17 B o Al A"l dgsta A7) A9l dYo) Thsaiith 12u 54 AGI
T 9H3] o|&4 MdoE, 1 Ad rFeAdN NS EGAs, ARE S A4
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w=A o] tjapolt.
oo} 2L 3R AGI Aol 71%9) BA) 9AE WIS $F B4 BEES P A

gote AN, 4 SAIA Y A 248 AEsta thHds vtdshs © T23 7%

< T s FE Fol, A AFAT BA, A 7E, A AR vl
i

7191 el AGL7iE AE B =9 9AE Al 3 AEskd thet 2k 27]

o AGIE @Y dAZ A4S E A=/ FRA dxd g 51 g2EE VAV
AHAY YT & YEA'E 7)1F0E AGIE FHslels A2 HZOoE AAHYL

a oFE xgets FoAE AAsoU, 454 BE P Az d8A4e] #ET A

2 BRIXE o]#d 255 F33 A, AGL A9 HF JeZ Morris et al.(2024)2]
6HAl A5 A3t Morris et al-> A% HEAE F & 7|2 E AGIE Level 0%
B Level 57HA ©@AEZ FEIAY. d|d EFIA Level 1 Emerging, Level 2
Competent, Level 3 Expert, Level 4 Virtuoso, Level 5 Superhuman& 212 843 A%
o] Agt 3ol wret AojHn, A ChatGPT, Gemini 5-& Emerging AGI @A ol 93+
Ao g FEETh BaAE oed oA 78k Aol AGIE 9 FRHo] ohd AE=R
olgiatA ellFm, 2t GAE kol 9 8¢, Human-Al Interaction W3}-& H&Hs] AAl
gtk HolA 7H BhEek oty Adeta, i 69 A RS B A7 ACGL HF A
o2 At



A2d AN LMY 7o 59 3 FF 2 P 24

o1 FA %59 WA} s AGI(Artificial General Intelligence, H-& 34 %)S Aoty
v NEe A7 sl we} A& g Wsle shth. 7] dFdAe AGIE &Y &

o] LIM3H A48 Al 298 B3] Fold dd 242 the dol2 dZshe 48

A diE YA7)S Yof, thpd BYEE AT B4Y 32 9 AYS FUs
G

dojA HE| G tlolE7tA] A 7hedt Perception(xl
7}, B33 =7 9 ARAAE gFE Reasoning(F2), &) Aro #E]9} 8o
Egste Memory(Z19]), 28] A7) 94 -Ag £ 4318 F2 5YE ofvEE
Metacognition(MEFIZANZE A F25 AEsteta ek ol s v 714 &2 dedt 7

<2 BRZ2 ol ¢1FA%0| AGl(Artificial General Intelligence) 2 sl DA Q] 91X

—

O

=

7}. Perception

Perception 2o A, 27] LIM& gAEgh= ©d 2ET]Elo] A E o] o AAA 9
ghgska] Zgh 2y 2ol oHAl, 54, 4 AAel 1Y

53 HE|=2 LLM( He et al., 2024; Laurencon et al., 2024)

& AZ & Z2eE ] HolHE sy

[ R=2
bl =
28 o2 wigste] Bdo] ddH WAoR ole . FEY ¢ Y=F Ik

r°“

Kl
L o
2
>
En)
-
o
X
X
R
AC)
N

Nl

nal connection)?} W+ Z¢HInternal connection)
2 FRED 97 AFLE LM 9fdl ¥ Y RES T o] LM} a3k
W2 olt}. Flamingo(Alayrac et al., 2022) A1€ 22 Cross-attention 7]"§-& 283 o]
2d Yo A2t BESZS FUFOER Y 2EQ ofn|A] 7 FE -GS ThsetAl @



ok UE A LM U 720 A" g2 22eE s FYshs P4 ot Fuyu(Bavishi
et al, 20299} 2& RS A7 ARE Ao} B2

TN HHE AT o WAL s RYE 4 o), grE
colmA] - HE Q. &4 7+ 45 WEHgeneration)7}A] FsEHA Ste] LLMe) 24 9=
wWelal gtk

A A2)3] 3k autoregressive

g

o
oy g
tlo

. Reasoning
Reasoning& =] Aol AAH o2 Azteh= A og, T A P& WO

dEs 528y 24 < gl ZloltiHuang and Chang, 2022). HA], AlaL 4= &4

e mdo] B8 FAE AR Bajelo] )48 =S itk Chan of Thought
(CoDE e BAE 57 2 BAZ Balsid o4 7hsAs oF A4S Boln,

Tree of Thoughts(ToD+& E&] 714k &A1& Faf ofe] A2 E Hlw-AEstal oA
o7t F94& AFdh Graph of oughts(GoT)E FEOAE O

Bl
B Ao EBAE APy, =Y mAUSES T3 U5 Jud FES 7hest

A
consistency= thFet F2 A2 T 4@ A3E A€t Maieutic PromptingS A1 3}
FES ¢¥HoR AAs) A28 TE3)1H, Progressive-Hint Prompting ©]7 @H &

dE 984 HAHoT AR Ao pAteR, doj. AA. ool HE v B
) 7

Y TE dolmg, AARY, do|HERYS Ads| AAHOZ hAd FE A
Ayt 0|23 Reasoning 7|HEL AV} E43lal WHElsles dAAE

A e A dd AR sdske W $aT e I

Memory &3 SA @A LLM 249 4] Zoltt. LIMS] 719 ©7] 7193 47] 7]
o FRFE s g Utk @] 71 @A gAEA A Bad ARE YAH R
AAsta g3tk ¥4 0 2 in-context promptinge] 9loH, ol mdlo] i} 2¢
o) AU~EE ALg8) F7} FHL} S AF(Wang et al, 20208171 53t F8L &
Y(Wei et al, 2022)31A gk @] 719oll= (D A2 BEAA $3 - A2 Az glo]



B, @ F&- A9 A7) 8 5 FA 29, Q) A7) 719dA A&s] A HRot
T3 o] FEESE FHH| o] F ot YAEA AH widHE A7) 719
BRI AX o2 FAHH, AR FE 7Eto] " APE AA 9 #E, g, 7
o) S5 olME 55, AR, AL 7E, dEY 4 5o FHE At dE A A4
I AntsbE A ThssHA de A4 AlAIS A7) ARlel tigk ofsi 2, ARelM &
S3AY 97 A 9s il BReH) o & E9f, Voyager(Wang et al., 2023)= A3 7}
% I=E A4t ReAct(Yao et al., 2022)= Wikipedia API, ChatGPT Browse with
Binge eyl AME B3 RE3 HRE B3l ®=3Retrieval-augmented methods
(Borgeaud et al., 2022) 7S nlAE B2E 7)uk 2)2]& g3t}

2}. Metacognition

Metacognition= 2471 <14, AA# 3 &4, T grjiat i g 57] 5 14
LA QA 9} AA FEE 717, A3} AGI E5Fo| 42 o]tiChoudrie & Selamat,
2006). AGIoll A& o] 2fdt sEo] A7) 14, o2, 7] %18, 7121 ks o] &(Theory of
Mind o2 FA L=, o]& AR F528-3 d&stA stal &84 JAPEAR S 7hsst
Al 3 2A-e4 S5 213kE Fx1gtiHuang et al., 20230). A7) Mgk wHE <5, 2
T A, AEgold vy ZEIE HAS 2 Foll 7AHEY, HIZd= AA P
AAH oz ek PHE] FEEAL rkQian et al, 2024).

2 8% UH 2y

Ao A md A APY Al o] HAE, ojn]x], 34 & thd JEf Hlo
HE AZsta 3 Aol FEE FIste v8HS BAF AT, o3 AG
(Artificial General Intelligence) 430 E23}7] YaiAE AA T2 AWe] ZA 2 Eofo)
2 8 3lt}. 53], Perception, Reasoning, Memory, Metacognition®] ] 7}x] 4l & o A

DES} B, oS 474e EHo WS AR ohjel 4 U A7
Hojof e,

7}. Perception

AGl 429 Perception T3] HE|RE Y8 BEE AYste 755 9o, 44
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doF . A& S0, 2Ho] FHTE T A2 A ElolEl e} rlolaz FH7 &4
2

5 G, $7 Welel B W sets) ve A 2744 Jbsal s AA =Y
(World Modely¢] o] 3140] & Zolth

. Reasoning

Reasoning 9ol A2 Chain of Thought(CoT) 71%F thetA] 28 JoiA, &g
AQ QA3 BA B, AT AR Kollxof oAAd, el A7)A A8 v v
7HA] BojEojoF gtk o] dt nAY F2& @3] UE diolH ggtte e 24
7] @3, AEY F23 24T 7t F2& Aiste stolBYE 12E 53 7EE
7Fe/de] Atk ®3h AGIH Reasoninge 374 749] A &A1 4 atg &ollA 7Hd & Al§-

T AR AFES MEIN 2nT 2B HFS SRS 554 4L ok B,

. Memory
Memory Al2=l9] Wb Wk @A o] AgE HAY2E A=y F A Al2HS
=

6 tQ/\]XJ ZE%‘,’

m{m
o
2
o
N

Z
wheh Ao R Ayshe 484 7)e] Be) AAR Fajok Fk ol

A4H Ao FHE T/ 2 Aol

2}. Metacognition
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A3 AGl 78S A% 894 7le 84 4 2 EF

A1Z AGIE 9% 7|& dFE9 A4 7&E 24

A3t A5(Ee Spediality)E HaF o2 1xdlstE WeEkoz gAEE AGIE Ao

t}. 7}2, Zhang et al.(2024)° 4

uHgk © 2 9] Specialist Generalists Intelhgence(SGD 22 AGI $3F SAZ A= Stk
WA, Morris et al.(2024)= AGI H91Z Y8 o2 69322 A A8k Th

(F 3—1) AGl HoE 29Jsl 6217

44 W&
AL TS AT F QetolA, oA9A Fdst=t
A RTI= (Process)7} o}4.
¥ (Capabilities)ol]l 24 |+ 2]4l(consciousness), Z+Z}Hsentience) 5& A F4 Mdoz

AGIe] B4 z710] oby,
18- (Generality) 2} «AGI Aojolle F 24 25 HQ
‘35 (Performance)ol] =4 |« HE&AT, 52 A5u Azt AYe 244

. ?wiﬂ?ﬁiﬁ@j « 227 T8(embodimen) & HElH 249 B B4 opy,
eﬂacoim s e | T WERIA SERIRE HA S, AzbelA e &
&) 2)(Physical) A= Sy wgs 9] 94

ol = H ST
) X|(Deployment)7} o |« A& AA ) wjx3}A] ekols AA $F9] HAS FYPT 5
A EPotentia) o] 2d) | S BHolW AGIE & 4 gL




44 W&

Hl X](Deployment)7} obd | HIXE 2o E st H7|«d(H - A - &) AE AHY
A g(Potentialoll 24) | 7} QA E0A.
< AGl W71 Aol AAR 7HXE T T4 7)dto]ofof &
« AAH THAE olU} ASY - ded JHA7EA] 2| ok 3}
W, @& 344 WA utas g ok 3
< AGle shte] HEHol ol dAE(Level-based ZHEE
@A Tl opd g ojaf|of g

ZZ(Path)o] =% o Z} dARg A E, 99 29l Human-Al Interaction ¥H3}7} H
3] A= ojof 3.
Z+8: Morri et al,, 2024. AGl A& 93 692

A e d eFg4d(Ecological
Validity)el 27

Morris et al.(2024)o 4 AAIgF 2 A A2 HEAT A, 6HA d2 AZ=Y B
ol whe}, 7]1E ATARE FE AGIE 9AE SRE A glon, dA AREL
& Ao Al A E %ol Morris et al.(2024) A4 = Emerging(Level 1), Competent(Level 2),
Expert(Level 3), Virtuoso(Level 4), Superhuman(Level )2 T-£3}% T} Feng et al.(2025)
o A= Embroyonic AGI(Level 1), Superhuman AGI(Level2), Ultimate AGI(Level3)e] 3¢HA|
Z Wrdth F =% 2% ChatGPT, Geminig SOTA LLM, LVME B5F 714 wr-2dh7 9
AGlel &3itta FEst o, oA el B 583 M3 eI Aw kg vz
SHAY 1 o) Mg RAFE FFO2 HFEsta 9ty Morris et al.(2024)004+=
Level 1014 Level 5744 @dlo] et WA H% BFE 133 F R "F
o] Z7tEE Ao Z BRH3ka ok Feng et al.(2025)¢] Level 22| Superhuman AGI= Morris
et al(2024)9] Level 49 3E== A= F4=H, Level 39| Ultimate AGl= <1ZF] /i)
o] glo] ¢hxs] 27| 213K Celf-evolve)E 3l 222 /WIS + v FF2E, Moris et
al.2024)¢] Level 55 24337] g Boh AFAS HEHE AN 2 oE olsjHrh

T3 Zhang et al(20240)2 AGIE ©7433b7] 93 A=A F3F 9A=E Specialist
Generalists Intelligence(SGD 7Hd-& A A =H], SGle 23 & 71A] o]iddl|A Azt
AR/ Hold+= HEA(specialized ability) S 7HAIHAE, FAlol Thafst A4S A2

Ae HEAE FASHE Al A 28lE 23ith Zhang et al.(2024)2 LLMS 842
u, A2, 94l AASEAA AT S-S AFHEA, SGI7E Al S8elA B
A3 AZoR2 AG FHHAR 75 Zxadh dF 89, 95 5 54 =Hdel

Ot



T 23wl AFEUEA B 2oy 2L BaA7A|

2 A3 AGIE & F gle Azdoltgtys, BvldddAr s S7

3 WAl zomg A AAFoR &8 7Hx7) Aok & & St} 9 A2 Saab et
Med-GeminiE 194 SGIQ! Emerging SGIZ &3t St

2. 7IEATOIMS AGI THE 98 HATIE 245

Feng et al.(2025)& AGITFES 93 AA7]&E 24ES Internal, Interface, System,
Alignment®] 47 MFE UirolA Aelstdch thg Hol B2 Feng et al.(2025)90|4 470
=]

& 4} WEe WY a4 293 SARAES A5 Hesel AAH,

(£3-2) AGL 7EE ?let G52 &g 4 7|5

5 AA 9 AGIE 913 =434
Percepton: &€ theks}, ZAstn A
A U—]E]Ur)r /\]/\Eﬂ }\41:15] 7].‘5- } _FT‘; DE']
1:!1:41 ‘g
Reasoning e AEEATY obd A& MAYSE TF
< 53¢ Q19 Q 33} pr ompting %iOIE 181 R A=A
Hﬁﬂ reasoning 5% 5 B F2 153}, B34
4 293 234 AHE 7Y Al *Pil;“ F2 59
g1, b= Euﬂ?_])b F2, A=gold 7d B3
ANAY F2 5
Memory: thefsta ASAQ] wW=me #e, w=ze9}
158 29 B3 N2 34 05-& {3 WEe
Retrieval #74 #AA1E st 2 A3 715, RAGSH &
g 222 N2 A2 A -7} B3 A5H Sy
Self-evolve), A 74 - 5&=2 x4 7]d 4
Metacognition: &7]41- W& F7]& 7Htog ~2=
St SRS AAstL ALHOE Zgtshe AEF
A7) A3KSelf-evolution) 9t 7¥H3 &5, Elele] AAl
BHE Zo| oldfst=E A3|H FE23} Theory of
Mind 73l 2 #7] A% AF a8z Yy
Reflectionsd %8+ E3 7] 4Self-
awareness)® ©]4](Consciousness)s8 243} 5

M

[ox

o Perception

o Reasoning

o Memory

o Metacognition

01)14

Internal




R LRI AGIE A% =434
«HAY 4 ZAeF =5 H(Autonomous Tool
Creation), VRIXR- & & ~0lE 34 5 ARAG)
Qe H o] 29} H&s] T
°%ﬂ;‘4 4T Qb fASE o] B4 S 2 4
ofAd gE g Eg | 3 $YES B, AL A7 Aol F7 HolHE ¥
Z(Physica) €Tof| ¥ X—iii Agshs 59, A AFE 715 AAZE Y
g Qe FH o]~ < 35 5
Interface | o ThE o] ESS] |« T2 oo]HECe] QIHFH o2~ FHA Shxs Fof
AE H o] 2 Mz Ea AujdA S 1ﬂ7 RIS
© Human-AGI T, A% 914 7]HP(context aware) §41& 53l o]
AEH o] 2 AEEo] Wt gy J52E, oo|HE 71 et
635_,,]. AE =
+ Human-AGI Q1E{ | o] ~: thakgl 3k o 4 o] Alg=}9]
A o] BA, AGlI A 73}, M- AFE g~
B
o« J5tA A, dE Algdolddt e B 3y A
o 2AY Jhed o] | A& S dolE AHE =Y
Bk A= HlolE A, AHgA 22 53} 2d
o that® S5 7MY W FYRAN FY, B =79 gRAd S 8
System o 22 AAs oz AL
o Hlg &3} « A wxe A4S 9 Lifelong Learning =3}
o AFH HF cO5 do]HEZ A, AL Ffr, BESL ooHE
71 22 HEoo|HE eA2E WY F
o QIZt 7HA B Exol |« = B OE oo]HE, Qe QIEFH o] 2ol )Rt
Alignment | 23 <¢HAH3 AGI A | & B A, dAHoln g AE 7%, 2l
g J& o] WA 9T wold} 4 9= Enle Ay w =

L& Feng et al. 2025. Az Wy = Ay

Sk, Zhang et al.(2024)o) A+ SGIolA 2] ZH Y
7kel &9, 1831 Dual systemS E3F A7 Az FAE 37] gojoje 84

=

19132 Systeml¥} System2 2+ 7§41



(F 3—3) SGI 7 25t System 12} System 2 7|8t 34 1=

glo]of -8

&

o System 1 5% 73}

« System 1-2 world knowledge baseell <8 =
He, ol system2elA =8 F4SE A
5]

(Enhancing System 1 Abilities) | 2ol w2} S35 3, system2/d H ol +3

™ system 1 oA 738t

Layer 1

o System 2 5% 73}

A, E )
(Enhancing System 2 Abilities) | 8 #4< T3 27t #29 57T A

34 59 45

Layer 2| (Collaborative Fusion of
System 1 & 2)

o System 1-System 2 E&2] §%

« System 1 4148 A8)& ©9stal, System 2
© 1 24345 24 H5ee 98=, F Al2E
7He) Yt v Fi

o 27] Z3KSelf-Evolving)

L 3
VE vz

* System 13} 2= FL-Al
°]aL unseen Bj2Z% A7) BIFE FEHA A
7] X8}, #7% FeAgsty 228 ggsial
Sk, W stoz Huz Y, Ar)Fo
2 A&H 7] ) (Self-improvement) 3 2
&7 8F5(Self-learning) ] 7]4t

A& Shang et al. 2024. AA} AA

w3}, Shang et al.2024)9) A= A= Context Lengthell 714kek LLMo] AGI9] &

ohjela F743tH, RAGSH e 9944 B8& vlRes ez & 4 9ok Memory

rlr

tilo

A FE Y CPUEZAA), LLME

rlr

o3 raw dataz}al ¥ A, Al-Native Memory®] £¢1& F48t%th oA 28, LLM
A ~EZ RAM, 181 A7) 7|97

‘Al-Naive Memory' < Lifelong Personal ModelIPM)E T4 A1A, AGIY] &4 ¢lzetg

A o o] L0-L1-L2 725 Asta



(Z 3—4) Al-Naive Memory0ll 7|8} L0-L1-[2 7%

2% HAIXVE &
L0 Raw Data Memory 712 RAG WA AE YA glolg AAE bRz &§
FE 4345 Aol 8oF FHIE AR
(of: AH8A} 22, F9 A, 89F)
¥4 WEYA 7Hte g, 9oz Ayslr] oy&
719744 gRotstal §fEate] A Aste
ANt wze 2d

L1 |Natural-Language Memory

Al-Native Memory(Lifelong

L2 Personal Model, LPM)

A8 Shang et al. 2024. AA} AA

a8)a, MR e}t Aste], AGE 532 WAHOE U3l - ofy A5k Wu et.(2025)
A= Human wl&ge} vlwsly, 7]& AlAZ2H2l Wz WHES oHpersonal 2

system memory), & El(non-parametric 3} parametric memory), 12|31 A]ZHshort-term}
long-term memory)<] 37} AP o2 TRt Aelsteh 3 MRy T2 Ao s
He g 2, A4 vEget AN Ry T, @] EH Exst WEgE Hof

ookt Mz §388 53 HEAS =9 L4 (Comprehensive) vl &e], 71 v =g
A Ff viRg, A&3y viRyg §3& ZxEGed, AdstAd 53E HE
(General) Wl &2 +25 F7ot= LTolgtr & 4 ok
7€k, Raman et al.(2025)01 4= AGI A2 Z A8 A A=, 7]&3 7
A &Y A=, ¥ 97HBrain-inspired) 4 =&
skl gtk Kurshan(2025) 04+ AGIZF @t B 5 S0 A HIRH= Zo] oy
g}, A2’ op7|dA AAE B3 723 Hdho] BAAolgE A Axsta, A2 A
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A2d AGY AYLAS)E BY 9 BR

1. LIM225E| AGIZ2| U¥

AGI A& H888 AFIHA AT Bt} 77k gl 2 EoFate Zlo] H3fo)
22 4 gt golgd 7ue & LM ZHJYaud BT 71eH o2 APET}
Pa3dt & 9k 94 AGIe| 3k A= ofU A1 Mahowald et al.(2024)ol| A= A}
AA T thzstaA, Aojatgel tig F44 59 (formal competence)o} AAA &
S %33 7% 9 (functional competance)d ol A LLMol|A BojAE= ¥
A3, LIME 344 sl w4 skt Abgre] 1A sjdH= 75
A FEES Adsterle dA7 dtke AE AT

S, AGIE 22 37 ChatGPT 2-& SOTA LIMS 7[9H-e & 5 9= 7ol tis)A]
=, A7AES HaT volE A& Sauetide] A} sAY e Y ot
7} 43 A2 Ao E A7t DesT s FAS|E ek vwA LLM o}y gl

g& AP0 E HAFQT AAEL GPT-47F A8 BdatAT dF9 7] AGl
Al 2~El(Early yet incomplete version of an AGI system)2.2 2 4= Qtial H7FstH A,
AGIe] A Atdlgte s Zxstnh sAd GPT-49] SAIE A A stHA, AGE AsiA
g 2 7] oy dlolH o FUMeEE FRAA dor, gF g d5& Y
oM AR Atk Wasiths 4E F7hz Al

WA, Goertzel(2023)o1 A= LLMo] Q1A WA HoFe 58S HristdA s, AG

2 Yopb] 9SIHE SEACE BE AF oblgA AA Basta Jxsn 9,
YUA wd e @A} e, LIME ACle 9% P4 24 BoalE BG T
9l 97 72 R A29 AAZ Pslolor §2 T Uk

o

1§ 975< AgskAd, LLMe) 7ukgt GPT-47/+= AGIY 7] FHZ =8 7t
s40] AT, T} AGTHA Uobhel, A2e 724 AdA H2e] Weelehe

¢
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tilo
o

FH02 ANt Yk

2 AGIS| BARATlE =& M2 HA JlEes W LM AN ¥ 158 HY

>|-'=

LIMFo] it slolg 7]k 2l AA7tA= 454 o2 285 AGle| 7H w2
g2 24E FolH, AGIE A M2 ol BasAT, LM77} AGIE ZsliA
= 7le HAA e Fxolv, AR o3 W zA urstE NPH S 1 AGLY

& Zolth webA, & dollA AAstaLzt sk AGL A 247]e2 LLMFE] 714

2 33, 2AYS TYHAA £ TP AANE A A2 BT F A =

FH0m B AL Al 941047148 BATE, A4, S, 58, A, 34, A
2, WERlA), €8] o]8A S WhrolAl Aeldch AFdzel, #A) SOTA LLMOIA
$t EASE o x@Hl glon, net WEe Wl A ¢, vl 72

o o] BAAZ The HolBo] 7 T 24143} BE NS AL,

(E3-5 & HoM motsh= AGI A 7= HE, 47| U =& oA
7le WFE L4 7E oA QA7)E EF A
« = HolH - ?ié 2 YEEE F9
o Edxxr gijtE HAT 7] 9 2 F2 5ES gn
o Human-like General memory |+ 917+¢] ‘3‘r7]/7e}7]/7‘*ﬁ7]‘%‘% ARG
Rz o Brain-spired Model ZA Hrg 53 ¥ vry £z
o Diffusion model &% 2 ¢t |« AR A Ae]S wYe A2 . ZEF
TZ o7l A AA
« Diffusion model &4 2 thot=x A|A|
o HEJEEYH(HXE, o]u]Z|,
Og)b]- /\]74]% }\}"1?:5 7]]:/}@_] -QQE.%AJ.O]H]X].%/-&P.@/H EﬂO]E‘]
14 f“@ﬁ) ' ' E FF Yn FA A
. [e) =
(Perception) | e gE 59 1d . /H]i F}f }j_%ﬂﬂ 7+ zero-shot Wt
i . g 33 olsl 79 R
o Generalist ¢Q1=ZH/0) 2 &4




7l W L4 71E A &7)E F3E A
o thEe] o] &g dojAl < dE, A, JAHH FEAA EFD
General < General QP ety 7=

e golHZE dutd 7153 sk
catastrophic forgetting 1= A43 A4

o Lifelong A4 8h¢s %3
o Long-term A|4] n}~E# N 224 24 7 dA. FHIE B3
S5 o A4 Wy g HF AFE olef
o &rQl &3} 35 «71E 29 SEmEE FASHEA A4
o Test-Time Adaptation AU Vs
o Human-like v x&]7]4t AR 7Nk A7) 71 AR 9 ARE
Long-term <5 « Q17 Bl =S ety J1], &89
o Deep Alignment A NdS Lﬁxﬁﬁ‘rﬁL S5
o Multi-agent Collaborative 8}<5 |« oJ2] Al 7F AE2-8-8 53 JAA S5
« 78, ZYE AT FES o, gy
Tudle] FEOE HEA g4
A T2 YEE ol T F e fr
o Y4l Z=2(General reasoning) | A F2 HAYE
o o]&j 7|9k Robust Reasoning |+ &A1 BgAilo] Eol|tigts H3381A]
o %A Bx 5o wE Reasoning| %1 A13HA Long-term Reasonings
Scaling T3
o Retrieval¥} Reasoning £3 |+ Retrieval®} Reasoning%3 wW7lU&ES
Reasoning | o Efficient reasoning 53 RAG 1&3}
o Unseen $739llA creative « Overthinking=&5-2 $|3F £-&7
reasoning Reasoning
o System 2 Reasoning 2~AYE |« tFHA ¥ TA NN MEE H2H
o System 2 Reasoninge System| #Z
1 5402 yAst <AlS] ZF frAE FE Y A3l MCTS
714} reasoning A|©], neural-symbolic &
& op7|ElA
« System 29| Reasoning”d & W) A3}
OAE 9 Ee] 4o FoAtg s
o & 2 AA A7 A f g
g;‘iﬂf— il Qo] ojd 4Eee Thinking
s = WG A=t o] HE JUAFZE
A 8} oy# 4 =
Embodiment) | o A18]4 A= AA A e
X A «OF oo|HE A & A3 A W, 9
J e o M % 5%, e doldEd U ol
odrt md

79 %4, QBA 122 gruds)
&t LLM%Q




71E WF L4 7' dA] QA7)% BX 9
« ZEXE 7|9 S5 WAYS o] 7
learming S Z22 9 Z8H |3
o In-context learning 4 Mol glm = o
e 2 32 FEoA 2d 52 o
o 71424 & 4 (Mechanistic j:ng T ©
. . =
gy | lementon CA B R FES B8 AW )
(Interpretation) y = e T4 gr
© Lcertanty 232 LRI FA D FEAT e )
o Ar7bsd AGI A Ae oz
. - o R
° AGl Scaling Law < AGIe) W83} 5 B3, wae] s}
oE - glo|E - Aakg 7F BA
couA] 84S 953 AGI 2
«ACGl HEAH Aes 27 18 =Y
o Energy-efficient AGI B o a1s S
HA/AE=S o= 7133 o + AGI E—HE]‘QI %qﬁ}'o]—é %XHE ‘Oflﬂ‘ﬂ
TRELL TR BT AR g e £ed s 1
4l BE3 Z=yllu 2 i
- L | e Rk~ BEF o]A49] in-context
g el Tk AGE AR ganl s medes A9, 4
(System) Efficient fmetumng_ A-AGL 3t 5| 2EE HelsAL )
o Long context ¥ Az w813
- -] OE] . B
o Welnd W EL Zh9-| CAGL 2elo) A ST Chokek B3 Ty
° Federated Learning £2 5940R BY, A9HL FH 1
=3}
o A S Zepol A 1A St
c 5% FE T FHAA Y HERIA T
ER L R RS
o WERQIA] Emergent Learning |« MEFIA| 0] 714k A28 Sh&a) 2
HERIA | o HERIAZN &5 9 FE HAUS
(Metacognition) | o WA e] =d cE7) 2R, ooRsk Ay 2l 7
o g3 & T 21 WERIA ol 7|5k A Lo of
& F58 153}
< SEH FES T
. QA7 T FE IIE H9AM FHske
. o AWHst 2 A2 44 7 38 SisiE A¢4 A
FE o e g olsh g as | oo AMS o
(Ethics) « &35} 9 AL W2kE AJastA ol st

YT Alof




7|14 FE3ukatA|, WEFCIA = Feng et al.(2025)1 4% AGI Y5204 o1& HF
o]7]% 3$td), Feng et al.(2025)& E3sle] AGI 71€ ATE EEoAM oS AF3HS
=3 FA 71E ATl = gle RS 84
AGIol A WHE&AE ZH57] AsiMe mERIA(EE 19 483te 587t 28 2o
T 53R F it 2 5 AS Aol 7Ptk AR, A4 LLMoIA ¢ A5
HE5S& 99 Scalings okl AGF 2485 Aol ofde}, LIMollA ti+t = HolHE
5E In-context learning¥®} 22 FHEEol FAHUT AAMH, A 429 in-context
learning# 22 A 58S A Hold2 ACGL Aol Aol sjF == <l wE
J[A7}F ALHAY 525 = TFo 24 AF7F Basitta 714 Aot AXFHeH o
2 WEeRIAE Ao g A4S AASHAT, & doA dERIA = AGY] #4lo] =
= Alote] AHstE 5H O, Sa5s A3 T Fofo tigk A, A7) A el tig
AA, FE9 -l tigk A, A oz FoA o getstd W&o thit /da ¢1A
ONEsh, W3 ol ek A g3 1A, o yoprba 23 2324 JAXAA 5, 2ok £
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U AGL 245 913 7] 24 Edle
D 3t=glo] 7H453}

GPUITPU Z22H =it we} Held d4k BEstE g e Bds et
STHE AEE 5438 @58 F A H0H ol F tlEA A A= NVIDIAS| H100
5t H200 GPU #-8-8 ©-5i(Hopper) oF7I9IA(NVIDIA, 2023)& 12& & 91 o] o]
g3 EWAE dibe] H73lE FPY/FPI6/FP2 &3 U= A Usle 7]& iy 6
vl A% A5E G o At T = 4,096702 TPU v4 H o2 FA4F = TPU v4
PodE %3l 2023 7|02 1.1 AAEFE2(Exa FLOPs) 44t 58 Fd3ty o= o
ojrd ¢ AZtS 7|E tiBl A 70% 9= 7hssioka AAska Yckouppi et al,
2023). 18+o] NCCLNVIDIA Collective Communications Library)s} GPUDirect RDMA
(Remote Direct Memory Access) 7]& 7S £ th= GPU 7+ 2114 Hlolg A4 A4
E F=(Hu et al, 20253}

Edo] 7H453tE AT ® & HIoR wERY O T4
o] CPU op71gx k= 2] ARt H A2 725 23 AdY 14 Ag ZAS
asly itk o33 wERY o AlEE IBM TrueNorth(Akopyan et al., 2015)9}
NorthPole(Modha et al., 2023), 18] Intel€] Loihi(Davies et al., 2018, Intel, 2024)E tiE
ol A2 18T 4 gtk

mlo

rr
ol
M
>
ot
=151
oM,
=5
N
Sot
N
s
bl
o
R
o

71 54 A AL 28
IBM TrueNorth/ | TrueNorth= 10709 Felo= 20233 NorthPole2 12nm 34 -&
NorthPole 29 5,6005F 79 AlW2E 74 7ldko 2 A A2
Intel Loihi/ 2uto)| 3 A7 7]8F AAIZF | Hala Points= Z0]3] 2 3 1,15271&
Hala Point 4¢3 g% 71T 74 =3 Ag 115 B /) 8 A4

71 abe vz O AFE(In Memory Computing, IMC)S E38f Hlo]E S mme]d A4
st AR e 71&€= 7l (Morita et al., 202433 Ut} 71&¢l= CPUZF o]
| =]l A Yofet A4t & oA wlR e ARshE HAE AHEEARE IMCE HIE

of

i)
i
=2



AGIE 913 7= &4 EE F st=do] 7k&5s) fofol dief 133 = t& 7j&
A A" 71<(Beer et al, 20200012t & 4+ Atk BMoAE ¥ A gk o] &
QE(Vector Quantum Eigensolver) ¢alg]&$& 23} &4 s Aol &g
1ol u} 9IthLiao et al., 2024). 3+ Quantinuum H-Series Al2~&] Al A B
oF Zo] A ZEAAZE EF ALt AR Basks Ao g 7]E HPCo A
et A7 AP ok sARE AA &S A= 1,500 FHIE o] oF A
A A AFEYE FaspARh 20239 71E Ao L12IHe] FRIE =29 IBM
Condor(Gambetta et al., 2023)) S0l HE-23 e} o3 A% EFata Ak &
1EE 7k 25 £A A A7 AGLY S8 &5 o) 71T & 9lE Aoz )
HE B2 A A7 &8 7Feds 78 aUt Qo

iRt o 2 A W RE olF|EA 7|&g A¥E a7t Qlth SK steldidA =
20243 71 Y= 9.6GhpsZ 7]& tiH] 50% 715 A5 o2 X7} 7153 HBM3E o)
RYE FF3L ATHSK Hynix, 2024). &=3F Xilinx Versal ACAP Algl] E4oA A r=
o] Zg I wE CMOSE Fall FPGA 718 A4 ob7|8l471 AGle] 54 HAFE 875
ZIEE ote A% IPsta ok
AEH R ACL WS 93] st=dlo] 71&d oluA &84 7ol BFH o). dA
o] JAFAF oA E 7o st AGL Al2"lS e 20WE ARt
2k 5 diE] 4 50,000 o) AEE et o] #4 A glole d8sly
HollM g AAZE #Ad A & 5 ok
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i
of
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2) 98 ob7lEA ¢ 3}
Held opldA = 2006 Az ES A4S AF A7 Deep Belief Networks.
DBN) =%(Hinton et al., 2006)%} 201213 ImageNet x| A 2] AlexNet(Krizhevsky et
al, 2012y F3 1 7FsAol AAR olg 4% THe o Foja itk Z7] CNN

RNN F4 o] 7291 ti#e| 85 vlolHE o] &3 A= k5 $419 24t BddA &2



stod AGIel| & 8-o] 7}a3 3MT] Bd-& /st Weo s sty ot 3Ad) de
EdAYH 7o 2oy Zd(Vaswani et al,, 2017)2 4] few

< A glo] doly a&4E AL Stk oS AT g WAoR A A=

(% 4-2) Eeld of7|=x{ol Zistof tiet S8 24

78 24 =4 3AH 2Ll A2D)
g9 2 CNN/RNN Edzxy 79k 2R 2R (GPT-4, PalM 3)
S ¥y | A= S FA ANA = + BBHeNE A
Holel &4 |t Heol o= Few=shot 3% 3 44 #lo| ¥ 31

o g WEs FEEE TSt AR vt 2o WA mdo) FroA E
o op7|e Ao R4S 1HE 4 ). ERAEH 2do] Self-Attention HlIAUES S A
A & FAE sl23ste] 7] RNN/CNN tiB] 208] o]3e] A7) 719 59-& 733}
= Zlo] 7hsdith w3 mdol F7), Holy <, T A I BABA JFoE %
ot &4 A Fsty] A3 7|vke vhdsly] 913 7R WEH o] AAHIL it
(Kaplan et al., 2020). GPT-37} 370% 20203 oje| 2 =4 =7])= F43] 718kl 9l
I olo] wet 9 HolH Y &% AN a7 AN §43] Skt Ao

oot

Aol
mlo

(£ 4-3) EAAZH OF[EX 72 YA

— =

2d 54 GPT-3(2020) PalLM(2022) Llama 4(2025)”
ggbu|g R 175B 540B > 1T
9 dolg &% 570GB 3.121B > 140TB
At 87 7HFLOPS) 3.12e23 2.56e24 >4.2e26

Z&: Brown et al. 2020, Chowdhery et al. 2022
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0502 s e 27] Ak g o] g ASR Jtdnh A Ed dE
S A RY 7] BERTO 7% Masked Language Model$ 332 02 2 &(Devlin et al.,
2019)3taL 9o GPT A9 9 EddA= A AA2E d&ste YFo= At )
o 299 g 22y &S faiA olrA-E2E nj S A Yst= CLIPRadford et
al., 202D A A Z-Ao-438 53 AHElsh= FLAVA 55 58] 222 2l o
Hreko 2 X3kskar QIThSingh et al., 2022). %3 few-shot learning
ol 3-5719] Ao R MER A% §5 7Fsd 71e(Vinyals et al., 2016)0] 7
H1 gon ol Fd GPT-4olME o 10%2 A% o] 7Fesitta AAIE L ot
(OpenAl, 2023).

e AW G832 93 AT EA Mixtral 8x7B 2o A& Mixture of Experts
(MoE) 71&< &8st 24t HE7F FUlnh Alatste] o 1309 719 244 sejrE =
ok 7009 70| et EE 7FAE Llama 2 293 v]=3kAY o Hojd Aee Bty
23k v} QriMistral Al 2023). LLM 2de] A48} 8450 o} A = FP32¢l| A INT8Z
H3ste ARGt 2H mHlo] F7]E 75% F4sta oA ARE FASA LA =
Aol 73tk A JeHGholami et al., 2022). =3 27w 742X 7](pruning)-& 53}
B 83 712 E AAT L EH BERT-arge U] 98% A9 A5E FXstHA 48] 74
#Fohg Adste Zlo] rbsslithe 7% Wity o] 9lthSanh et al., 2020).

F

3 5Ye FIA7)

rlr

o

x| Bd2 973 5 Bo|A W AGIE feiAE A3 dAHE 7HA
v & ¢ vk H2 2R Sl A&ske JAZ Al 71eo] AAHL Yoy oA

k. ol Fu3H=

3 43 REe B8 A9 49 594 WA AT B % s 31
ko A7 33t 71w Solnels oslEA A ol wEd 4 oo,

3) Al7dtst 7wk A
AGIE fsiA= 7] BHo] 7HA = A& sjdsty] A7 3 7kA] o= A7t

St 71k AEE 1 5 Aok H-5E UEF o) 2BCDll A= Neuralink o] 7§

oE

9 AHZ A4 AE AP 7|2 AGe AESE TE eSS g st do
(Lavazza et al., 2025). 4% A% 71d 329 7|&3 A4 93 2dgs 53 Al=2&

Aol A%H 0z AFsT Yk,



BCI #2}o] bottom-up *2lol2tal gohd Q1A of7|ElA =& top-down 2ol
& 4= 9t} ACT-R(Anderson, 2007)3} SOAR(Laird, 2012) 22 o] 2E0] U7t Akal ZZA
25 A 2dglshs o 853 itk ACT-RE AHA T sjvjel AFAd g
st A 719 2 A7) 719 Faske] 1A #ehE £ mdS pdekal 9l omSOAR
A ACT-R3% ARG QIAI#HS} 7|wke] REl g A3 Fof WAYESH A&F S5 Al

o} o]gfg 1A of7|H A mdS LMY A ste] LLME sHAE H kst
I AGIE MEets oz AErt o] FofA 1 ItkWu et al, 2024). o] Aol A
LIMZ gk ") 2~Ev} o|u] A S o]sfstar, QIta AA~YHA ot A7 9
< ot Q1A B LIMo] o3t ARE neto s, B9 A sfdS 93 =24 F
& AE, YA 2FF 2 aAAFQl A Tlse FHE olE F
(explainability)-S &1®3lx A (robustness)s} HoJE &-&4(data efficency)S A&
T At Ed#A Aok AN Boh 4= s AGL 73S fslAe oled 2 g3l Al
Wete] 54 v ESAE AF4%e 5 wE ARE 7l A3 stolB

7io] E a3t

==
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od.
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73 7kaA
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mlo

[Rod

T8 = A4"HGraph Neural Networks, GNN)}& o] &3}

HE| 2 wlojE Al thef HyEd HEgHoz oA HeolHt HiE
= 44 HER EEste] Attt AT Ao ol T At
Ao wsta Stk LLaMA3el Al oS Sste] AP ¢ ona 4y A
(Semantic Consistency Index, SCD7} &4sh= A& &2A& 4 SIthAl@Meta, 2024).

AGIE 24317] flslAe o' 449 71& 84S0l B 24D art vk A4
o]228] Aol A FRo| 7ed uEd YES A} Baste HERY bolE g



A% AR ARE TS oldlsia AHskE $Ho| a7H

(& 4-4) HlolE U XAl EH0| Chst AGI 7 £F B4

el A4 7& AGl 87 &
. 2319 do|ejlo|z 3 A RE b5 oo 2
Al W72 Holg YEYZ Ba
JUAEZE Bl e E= | AR7 AR 5F ol ¥
HE 2 HlolE g 53 4 WA 5

5 &894 713 #A 4
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A3A AGI EAH GAQE V)& = Jt AR 9 N3}

AGle 54 Aol 28A] & ABAF FHAD F9IA o, olel, A8, 1]
1A S e T F e Ase rdth 27] AFAT 71edA AGlel o=

Z\HA R GAE A AdA ] o Z1dlM AASEAL L ofol TRk A 4

7). AG 24 gAle] Aol
B RaAolAE 72 Yrielssh OpenAlE WE3te] oje) shlsh Al A Al

AGl71& 2EY] 9 3 GAE viBoE 354 FE& Loa dediste] AGL 24

f:gl_

A= (F 4-T)olA BHofFa .

(E4-7) 2 MM D345k= AGL 23 B

A (Level) EA v
Level 0 53k 999 |54 999 ’%‘ﬁoﬂ/ﬂfé% *é?% EOIX]‘{‘%‘@"; Ao}
< Al MEL A a2l tig 582 AFH2
Level 1 HE Y oo Az gE 7{%% %%_‘ ndz 3% ?\_9}2&]
JEJ e~ Al HE o] MER AGH #e dort 7bs
= s W Y A FE2-AY - ABF Bl A
level 2 | S SR i B Az 5 sEoE
TSl Ad N2 BA0 2rz St
A% A e AF FAodAM 3 Ha AETHE
Level 3 (Superintelligence) A3 BrlEs 4z




g TEe Holal AE 24 GGlA Ate] sHE Holde v A%E HoFal

ATt o] AL & A EE 93-S EF(Krizhevsky et al., 20128tAY vh5 EA 314

Silver et al., 2017)3kAY obd E47 gl S3kd Ao 2dRadford et al, 2019)
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T WA AR Level 12 HE] 22 HoJEE 7|Ho R
FEOE o] Tl vl MEAe] At A & Qith o] GAldAE Ao, H]
A, Z2O97 & sk RER £ 4 olnk =3 A We dolg AL
o] AEZ w2A 24 4 ik o] ©AE ARC-AGI(Abstraction and Reasoning Corpus
for AGD(Collet, 2019; ARC-AGI, 201953 22 IdE U3} H2Ed A on|des 43
g Hol FFolgt & 4 9tk ARC-AGIE 71417} k<58 dlolElu; sjH& T3] why
St ¥ A8 2L AFeME A} FASHA FE3 T3S Sl EAE A

T % YEAE WA 9% Ao AEE WATol,

A WA DAY Level 28 17 $23 A9 ti5d HEAS JFAS0] 7HAE B
24 Human-level AGI @AI2} & 4 Aot o] SAlolA = H2 MY AA, &, A,

a3 ABA A F Al A i EetAY A5 A3she g Belth
3 AR Aol el 222 FAEt S5t T8-S G 5 dk o] ©A
ol2E AFA Y A FA e A iyt A4-F 02 o) F5e @A o tHMorris
et al., 2023

ppA et | AR GAQ Level 3& 2415 DA Ao ZE A4 A4 A3t A
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7Fek7] 1%k |7F Aol tig o] asith. ofr|Me 2 7HA B7E A%} o] & A
at7] A3 WHES AuRaz) 3,

w BuAdA s AGL 2 9 B7HE A7 A ARE (£ 4-8)4 HoAF
e AR, Aol A, dutst A&, vlel s AE, 23 A F A7) A ARE X

gote S7HAE At Qo ol Aol ek AAgE e ofefoh Ak

ofo

3}1\

Il

(FE 4-8) AGI Y™ CHAY HI} X|&

T8 8 37 U o Alx|rp=a AGI 2AE S8
A AZ | 9Y A4 AEE, 84| ImageNet, GLUE, MMLU Level 0-1
Hol A& ShsE A9 AEgE CLIP, ARC, XNLI Level 1-2
o | MEE R EE
duts}l A% l ;: & Ao el ARC-AGI, SCAN, CLEVR Level 2-3
HEepsks 2 E| < &5 U g8 MAML, Meta-Dataset Level 3-4
7 4 534 o 2 o
L;] . A7) EHad A71 Calibration, ToM Test Level 4+
A2 A& A%
WA, A5 A E(Performance Metrics)= E4 FA|(Task)ol thal 1 F3A5 o] 24

g A9 HrHts g5 3 Aol A o] Het Aoy e ke ol B
A

— ImageNet Top-1 Accuracy: A2t Z@(Deng et al., 2009; Krizhevsky et al., 2012)

— GLUE/SuperGLUE Score: 1o o]&l(Wang et al., 2019; 2020)

— MMLU(Massive Multitask Language Understanding): 577 SH2 -ofol] AX1 o5 3}A]
% 7HHendrycks et al., 2021)



— Big-Bench(Beyond the Imitation Game Benchmark): $17+4 & 58 3E3KSrivastava

et al., 2022)

oI 2 e AEe Bl A e M & HolF AEo|A R BHle ofs,

FE, da it Sy 2 w2 A Ao BYstA Xeke IAE 7RI
0:]
[S |

Aggate 58E SAHATIE FolA AGIE FiEske B4 Axg & F Qo Hol A
v sk tolHAC R S53 BES FABHY & HolEAlov dof e 74
A HZESI Aol drht #F fAEEAE o4 4-DF 2 Mol a&(Te
Transfer Efficiency)2 % <]t}
P,
T, =" x100% 4-D

¢ P

prev

d& 5] A Fol EAlol het o] A=} 90%UH Mz A Gl ohal
M AE=7F 12%2HH Mol 882 80%E Folth. o] Axe] hrA JA = v

I} 2e IHAHE 1T o

—

k)

— CLIP(OpenAD: ©]u]A-g]~E o] ¥ 7KRadford et al., 2021; Brown et al., 2020)

— Zero-shot MMLU, Cross-lingual NLICXNLD: t©}elo] #o] ®|2~E  Cross-lingual
Evaluation(Conneau et al., 2018 - XNLD

— ARC(Abstraction and Reasoning Corpus): 4 &< MEZ& Al Zeo|(Chollet,
2019)
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gt gutst Axe] gE A EE O YHRAE 18 5 Yok
— ARC-AGI(Abstraction and Reasoning Corpus for AGD: theFat sjelz} 4k
Stgafjof she AdE H2ER QIR oA Z 80~90% ol dE3}
30% ol3te] A& HY(Chollet, 2019)
— CLEVR / ShapeWorld: A2t# =2 9 2313 93l %7HJohnson et al, 2017)
— SCAN | COGS(Compositional Generalization): &2 %o dutsl 53 ZH(Lake
& Baroni, 2018; Kim & Linzen, 2020)
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+ One-shot learning 2&& 538 duts} 75 oHE 78k Online
Adaptation SpeedE &3] 57} Hl°olEE F3< Wl SgaEo] driy FE=AE 54

Ik diekste AEe] OF AR 08 IS 18 4 ok

— Meta-Dataset(Triantafillou et al., 2019)
— LEAF Benchmark: Federated + Meta-learning 3 7HCaldas et al., 2019)
— Model-Agnostic Meta-Learning(MAML) 7149} H|2E(Finn et al., 2017)

mpAut 5 A A FE 91 9D 27) <12 2 #(Cognitive & Self-awareness Metrics)o| o
o] AxE B3| Bdo| ~xgo] A4 e, B, 281 AE AT F I=AE
71 o] TAdl| o] 29 AGI oA oA B A7) FxF] Akae] x7] Fyrt 7}
sttt 1HE < Utk o] A% 54

242F g g s oS AGEE 5
3 =de] #47] 7Kself-consistency)& & 4 dom, B9 Hl(confidence)Z A A

GE 7o) 49 AEES B BEAA | 3 A (uncertainty calibration) S & 4 $lth
To ERRle) Agou} AR5 F2F F lEA|of g 42d 7]k %7KTheory of Mins

Tesh= ST 94 B A7) A AR UE AT AN Bheg 18 5 Uk

rll

— Self-consistency / Calibration Error(Jiang et al., 2021)



— Theory of Mind Test(Kosinski, 2023)
— Reflection-based Reasoning(OpenAl, 2023)

AEAs Bdo] opz o] TAo] 3] o] 2] ZPAT GPT-4FEl= 2229 Hil
EHAAS FAUY 25E B8E aAsE e NS Tl AL A7) 494 59
< HJItk sHAR o] T2 o2 Tk A (self-awareness)oll= o] 24 F8kal Sl

2. AGI E7t R EE 2I8F AlZE U

7). AGI B7} A %S 913 A28 24

oFolA AR AGI H7HE 1% A ARCYS, Hol, Aubsl, viEleke, e 1 <)
A7) A Aolr A2 T 2T A4S 270 de &
£ 0F ARE ol MR 5 QA AFD, AL F Edol Qxg BE(EIIY
5 WHE Sele, AAY %
o # RIAE 27k Az 71Me] Aesh A8 Jhs A, Teln AR S e

w AGL B7F Al A7t iy

e Ak U A Zds= 2 &% 3 F(Confusion Matrix), ROC ¥ PR =4, Z18]ar
Top-k accuracyS 2.5+ Bar chart 52 18T & Atk A5 AEE AZd3ts=d Q)
ojAl mefsfol & HE oY H(Top-Dut Alztslshs 2R
U4 E, 383 B8 7 B4 @ AAEkHE o] uigdE 4 Qloh

0202 o] Axe| AlA3= Mol Wl EY A(Transfer Matrix)2] 3] E(heatmap)-&
53+ A Z3}kel domain-to-domain success rate®] flows &4 18T 4 ) o] A&
£ AAds] NAsksr] flsiA e ofd A Fo] oW tidells & HolE i oW i
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s BEE Y= 92(Box) T vho]&d(Violin) E5(plot)S AH&-gth duts} 2 &
o NZsglell= F48hd 234 22 A4 FEEE Aol of9A HeseAE A

7}
Aoz ¥ejahi Hlnd Bevt vk 53] A Al AEe AAgE S ngshd

of

the vElsts A FE <5 FAl(Leaning curve)d} o 8 74A] few-shot 27 thaf A
Zt3lsh= Aol sttt wgk vk oji} Hho] & S B HE &5 BEXE

npRlgto 2 91z W A7] &5 A ®+= Reliability diagram¥} Calibration histogram @ 2
AZtelek 4= 9lt}. 18be) confidence<} correctnessE WER = Scatter ploto.2 A Z}sl3t
TFE YA EF FES AT & Atk o] ARG AGSl= ®do] dup} 41E g0

A=A Ads] HofFolop aim A HAY 2Qfo] o] FoAH=A AF HlwE Wyt

o AGL A2 A

Performance profile] AlZts} dAl& o3} 2tk o] g ZoA x-F2 performance
ratio® 74 RElo] Aol Hi A5 tinl @ ui7kA] o 8E A et y-5& Foi
performance ratio ©]3+¢] A0S Hol= B39 Hl&S Yehdnh o] FAilo] 9% 9
E SOE4E O B g2adA Ja £ Aes fAske Bdolgt & 4 1 &
o] R 8% ofdfjo HATFF d5 WAt & DY YERATh o] AZs} HhH L o

2 Bdoju AGI ©A19 A E&4oly dAde Hluwsted asbyolt.



(J2! 4—2) AG 22 Performance Profilee] A2t} OffA|

Performance Profile of AGI Models
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(32 4—3) AG 29| Reliability diagram A|Zi3} Gi|A|

Reliability Diagram (Calibration Curve)
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Parallel Coordinates Plot of AGI Evaluation Metrics

0.95 — A
0.90 \ : e
]
. ) - E

0.85 \ -

0.80 e =t

0.75

0.70 \ —t—
= —

| =
0.65 /\
0.60

Performance Transferability Adaptability Reasaning Generalization

o}A5ho 2 Radar charte] dA1E (1% 4-5)014 BalF1 At of WHS B4 o2l
AGL B8] i3l 45 AERZ of® Aol & Hol:A] HAT 4 gtk A Sof ofEl
2 A%

22 ST A AFAME ofF $5T 2HAE HolA



(12! 4—5) AGI 22| s Radar Chart A|Z}5} OA|

AGI Development Stage Evaluation Radar Chart
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Tk Al 2"l A LLMO] E&AS FA8H guise 71840 8452 DA 2 &

2
d8.8 2BFgog 71 dugEFo g Aosis g4 713 1l o}7|HlA, 2) Uit

o

:
Az Ao WAL oleld 24T B4 e FAsHE ) WrAoln, o] d F4)
£ AF AW A%0E ok BRI s F2A 4TS T Ao dHh
Al AZE A7 0 AR Yelde] A&Ael BHE Fal, Sehee dvte] 27 1% 717}
g % 9k ol Ea ) ofo]dE

2 St ol 7 A2HoR QAT Buk opah, YRATOIA AR F27

i
rlr
o
N
o
N
AN
4
N
=2
X
o
&
o
Lok
ml
i
rlr
P
o
~
2
=
2
ot

E] AZste] md o7 X Al

1y

-{1:

o] ZollXe AGl Al=Hdlo] sj2sfof & F2 I

S, 78 I8 A4 9 AR S9E o



(OJ2 5—1) Taxonomy of Current AGl Systems

AGlSytem | Sclble Model Artitectre || SeltattentionPattes

L__J

Knewledge Distillation

L

Model Compression ]——[ Weight Quantization

Unstructured Sparsity

Kernel Fusion

_[ Kernel Optimization }_

1

Hardware Co-design

Automatic Compilation

Beyond Transformer

i

State Space Models

Recurrent Units

Mixture of Experts

L

Memery management ]—

1
2
£
5
:
|

Efficient Fine-tuning KV Cache Opt.

—[ Decentralization }__[ Communication Opt.

Training Dynamics & Scaling

Request Scheduling

—J

Collaborative Training

Multi-model Serving

ol

_[ Cost & Efficiency }_
._| Computing Platform

Data Economy

Model Combination

_[ Automation ]




A 1" AGI System®] £493} 3}A]

AGI AzsElo] ZiFolop & %4 43} AlE oo} o] T4 dos Helg +
e,

1. CH22F 8l%5 Cl|0|E{(The Large Amount of Training Data)

3 zde 2Fe} 24 (Chinchilla optimality)S 24317 sl Woigh <5 ol g
7} 3 g8tthHoffmann et al., 2022). &Aloll, A4 R} ARgA} Fel= A 2ke] dAd A
TR Q3 UEUlellA o] & 7Hedt vlolElY & w5 THeAel wAT, HeA<

A3} AL 20F m2A ANHA & F Aok weks 284
Fd 204 vlojHE A9, Fx3}, AY P £FT

dloll 2] gojzeiele] Fasitt.

0]

U{M
r

r (o3
A%
mf
tilo
do
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2. HEF9| £-9| H|E(The Speed and Cost of Iteration)

e 2d shgof 4 HhEe T2 RE]) A2 5 A9 Foll Boid gz AR
B2 5 ok AdAEE dA oF B A2E ofe e ofg 7HA bgE Aol S
e 20 5 Ao Asstd(Eto|Haetulg gl of7|ElA) AA vto]Zeqld & A
H sk el Shoeyhi et al., 2020; Aminabadi et al., 2022)& ¥He Bl &-& 7|30 8 &

olx Bl AW £E5 FRAOE FYAY F AUtk

mlo

[

3. JHRIME 257 Z6l1 ARRlo| AM[EHEl &2 (Privacy-sensitive and Resource-constraint

Settings)

A 7 ATA] iR Zde AR 8A0] T4 ASAH R AEHE Heolg Al
Elof) Wl%]o] 91X WK Achiam et al, 2023; Al, 2024), Hlo|Ele} A2)7t AN AL
A= oA B AlFsfol & o MIAR B A Algtel| o T2
FFAA HE Fasd Zeolth T oA Hupolas dbHo g ZHFH 3 e
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SHoA ol BojA g, A Aok oM FE=
AstA71A e 7€ Ade] st

4. 0N =H 2l M2 2|8t 52Xl HHH(Efficient Methods for Fine-tuning and Adaptation)

AP FdE 2ls AR dlolEol tiste] wA 2Ask= Aol 7MY el AHEHE

Aereolet, THE BT QA W /45 Qo) ES] BRF WY AUsH A
B OS] B ABAN RHieE FRolt S v 24 Pe wudl
A%, oo AE ok, A8 AAsel UiF AY AL BFE o =g At

5. MH|A X[ A[ZH S 2|2 (Serving Latency and Throughput)

AGI N 2812 283 A AR H 5 ffel 32 AA A 52 Aede A
ok ghot. 2y FA A"l Wi A HAsE A AR EEAAY ARE EBe T
Fe g AT 2L T Q4 E AboldlA #8 S o]FE= A97F BrkYu et al, 2022
Aminabadi et al,, 2022). ©]¥3 BE A% 7t ¥ S UFE AL oz e FAolt.

rlr
ay

6. H22| AFRZH(Memory Footprint)

7. 5t=9lo] 38 I IS5 (Hardware Compatibility and Acceleration)

ok
>
30,
(r
b
=2,
u
)

2d AlE e AU} stud ol Zee drkt & 283
HeEn g 717 o9 Ael B AAlE S A daeE
A FEANR U ol71F AA e TS FEslA FLH £AZEY

FEPoRA U 2o BN B3 FAY & Uk



A2 & 7153 29 o}7]E)*(Scalable Model Architectures)

A28l A7As AR Yel7h BAglel THsks FA| £ shbe © 23 48% 5
BEE Polt AT AL AL oF 7 24F Tejsiel BTk wus
o} sk HlolEl (R We} 2A1U Y WAHoftmann et al, 2022, 127 $& AH2AE
oj¢} MY SHAHXRE ~AYH ¥ (Xiong et al., 2023)°] 118 Apgtelt}. o]& S,
28 o9 $EAA 71E AT A3 7We EUsHE ARE Agstel, B

5949 o B 32 <1z Ho) Bas,

b AR

4y o

rU\L

fin

ok

1. A ofEIM T{El(Self-attention Patterns)

Ed~ED ol|eA ] A4 WAYZ 7] AZ o] dli(Vaswani et al, 2017
A2 Aolol whet Aol ol 0.2 F7kstel 21 A AEe v shEslo) vzl
£ AT o8 FEH] S8 AL Fokol vlme] 2 TS Fol7] AT TR Fo
vhz HEo) AR FaH oMM O R ATEAY TS YRE W0 A
5 ASE ReaEA L84S e A% Sehold Aw S Beltagy et al, 2020; Jiang
et al., 2023, L&A §& W ANUAE Y 34 NDing et al, 20230) 5ol
.

2. 9 2F=Model Compression)

Bd qt5o) R8E Ut ZE9 vy ARF AL ERE 2 alE 8-S Eole
ZAolth o7 AW £ A2 ZF(Knowledge Distillation, KD)(Hinton et al., 2015; Hsieh et
al, 2023)& © & wA Bdo] g5d A A& FE5t ¥ 22 A RER o=
AOE, FFT U AEHOE MU2AE AFT F AUtk ¥ A1 Ao £ ‘wAKteacher)
zdof A4S o 23 884 S (student) RlE A
APIEZ 333t 9/2Y A& FH8L o) I Y FHd Agste B9 wha
KDAlpaca(Taori et al., 2023), Vicuna(Peng et al., 2023b), WA} Z2 o] 7FaAu &4 3t 2
< o B2 AR At o U A HEE fr=she do]E H2: KDMinLLM(Gu
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et al, 2023), M mdo] AA 4T =8 AA2E 288t WA R 2R guws
drol AEARl A% S5 KDY dAE SHst= dwkstd KD(Generalized KD, GKD)
(Agarwal et al., 2024) 5o] ok &=k mdo] 3 AA(sparsity)S &3l F2 A 2
M2 YEE AA = 7}X]f<]7](Pruning)9} onkak ske(reverse-learning) =& 24
(super-alignment) ¢ 7FsA S gFete] o o R ERRE A4S FZ3a(d: &

A, BE A3H dUlolEE Fal) @A mdS fdske = Sl

3. 79 =& &}(Kemel Optimization)

AdE R UES A IRt 8 F43 2 78 Aiks 7hEskaer] ffs) g
gk A F72 7 A o) AdE suE Btk Ve, Ad 43 e =
FE mrg 422 =Y 5 AUtk o= LightSeq(Wang et al., 2021), FasterTransformer
(NVIDIA, 2023a), ByteTransformer(Zhai et al., 2023)9} 22 @e F2 oA FH st
A FasRoH, JAxdxs= F2 25sE GEMM, #olo] A3t &gt At 9 &
7] Fo]2 FAH, Dao et al.(2022); Dao(2023). o] Wa-e wEs fREe 93 GPU
H2E] A 725 &8t MR Ad AkE 711 2HE HARES T
o o Al dd oig 152 HHstE Ad FHol Uig FaUF S whe,
e AL vl GHd A7 Roprl HIAG ol 1&
CUTLASS, cuBLAS, cuDNN) 913 42 glolBee|hitt B &
ukAlo]t}, o] MF ol A} TVM(Chen et al., 2018), Triton(Tillet et al., 2019), JAX(Bradbury
et al, 2018 st=glo] 7H571e] QY S Feste] 188 AFE TR ARdste

Aol WEL 4 Z2EEE S 9t ol JHH | AE Al FwT. o= A A
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4. ERHATMHE H0{(Beyond Transformers)

ojzk 2AUdY FAE SHt7] s Transformer oF71EA 9] theke 178k ol
AE7} E3HMoE: Shazeer et al., 2017; Roy et al., 2020), “def 33t ZASSM: Gu et al.,
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A 34 YR S5(Large-scale Training)

HA eSS AHEShs tiat R BE kg2 o] 7hA Aol AHsta ok dE
=0], Mz 27 7k A3 9 GPU| RdE BF 9E 5

o
wol 2 o =5 voly 3 Zd 7tA] 9 B ofyzt T3 AA2QUE 5l ol HE
BRI 22 e FHdAR &8 MAD £ e ¥4 9% 3 &7H(Training

Dynamics & Scaling) 5-¢] &%t}

o
e
o
J
9'%
:
o

Edeo] §E Aele 4D HE AR e Y 7 78 REE AHEEtY
o] ZAE el 24 2e4e =doh ol 24 9 HolHE E4tst] A, 3
A

A zE Y ast Aeste 2AEE Vled T A AsE 24U 72 ¥E A

tlole] WAMDDP: Aminabadi et al., 2022),(FairScale: FairScale, 2021),(Megatron-LM:
Shoeyhi et al., 2020), =29 715X 2 o8 GPUd| E&sla HolelE HEz Ags & 2
= A s= QA HZE(TP: Shoeyhi et al., 2020), 22 A< o8 GPUd o2 &
st dolH7t o] FUls Bl AR o] Fshe o]z ekl HH(PP: Huang et al,



2019), 71 AY2AE QS 93 Ald2 AdE et gk 2 AR Faks 2Este A
W 2(SP: Liu et al.,, 2023j, Shoeybi et al., 2020) o] Utk HZ o HE Ay ALS =
ToE e Jlee dEdol #&S FUsete Aw WE 2AEY
HexGen(liang et al., 2023e) 5 AA 7t dael&s A8l Sd2H 749 ¥
8AE 13t HE3 ZZAAE AFE st

2. O[=22| Z2|(Memory Management)

R o] BEle] 8y gl AfH| oA vRE AEE g
E Ag A KV 7jA7E BE 7hsA] 9L 243 s 57t
AE HAst GPU 265 Stiststr] Asf o)A 7Iuk e, KV A4 k=, W =e A
2 2=Zeg B9 7]&o] AHEHT F2 vme #E] 7|E2E 71 059 #HolA )
He gg3sto] KV 7IAE BAEZQ Mue 5oz Bsl:= w0 ofdli(Paged
Attention)(VLLM: Kwon et al., 2023a), 7% Z2098S B Q317 ¥ EZS 54
o2 AAsI Wz AEES Eole 488 KV /A d=FastGen, Ge et al., 2024),

AEgH BEE vy o 4 EIT fAet] wE2e & Aoty e RS d4l
B2 74k Wiz #g(Liu et al, 2023a; H20, Zhang et al., 2023), oJ&lA AAHS A BF
go= E&sty, GPU ¥ CPU HlZE & T8 o2 Agsls 18 AHE 58 a&8o=

Bk Ag ks B4 vy #2)(LLM: Lin et al., 2024a) So] th. o]l md 7l
KV 7HAE dl=e)7b o 8& CPUR o] §AIA GPUY wixe] Aok ¢slste CPU 23
E9(FlexGen: Sheng et al., 2023b), Hx 9+ A AL 2229 JFE ALt o) o
28] ASEFE Fole IYUAJE AIEA”(Chen et al, 2016)¢] Qith. ZE2o 2 &
Al mixel #ele &4 7hed Alad TFEG ditE BE AE AT 254E &
o|th.

Br o

3. 259l 0|M = (Efficient Fine-Tuning)

AR Skt 2EE 54 ARl gl 2A4ske Al 242 mfg- Hlgo] ol

E1 HEsdY 4 Aok wiAMSs &£83 vlA ZA(parameter-efficient fine-tuning



PEFT) 718& Sigsalok @ ublso] £8 Axsistel vg3} 4% el 392 RFE
R 7 iRk o] F WHES A RHORE $47 45 THHE AL
2EE 9} 78 PEET /PHO.EE 9E 454 929 A 2o 844 b 4
= A USHAVHPISSA: Meng et al.(2024)), vl A& ALt b o2 LLaMAS BHo] %

3
=

T2 g8402 A 243t= 7|WH(LLaMA-Adapter: Zhang et al., 2023d) ]
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32
=

-
um
ped
S
[«

8

g
=
=]

=

T & AHgate] KV AAIE 4502 HE2E A AAd A
Liu et al., 2023c), 343} 2 ¢A3} 71&S Agate] =8 HESA
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a2 1 Qloh(Xia et al., 2023a)E Th4E 3kl ZrdollAl OPT 22 (Zhang et al., 2022a)
g 24 459 dF AE2 3
Aol Fatal iy 27] QAdA Bdo] HAdhe 45
o}(Tirumala et al., 2022)& =9 =7], Ho] €Al
7], 3h5E Aubel] 24 g 719 58S dFske O 3 T Jlen, /1 g
& AHIE 71esb] 1@ af AP EAEA HAE kY] FaAd gk S ER TS
A A gk o] 9)ol| Pythia(Biderman et al., 2023)& 7%+ 7ol g
& 3719 Z) dolHE 7)wro g 3h5HE 16709 LLMGHs: 2a)S A7fgt) o83 &
FAFEJE O AT AFrUEd FAE wet, AFAES PE ARE 7HEA
o} Ed& RSt WA o R St A5t B AR oid g ¥4 v 4 &
Ao e 4 YA Bk vpAgo 2 OLMo(Groeneveld et al., 2024)= S5 o] E{ 9}
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A48 FE 7]*H(Inference Techniques)

oA tiite 2o T HAAHE Hoj ¥
&

i)
Iy

=(Miao et al., 2023),
Z2EAHEAE AR, o]d KV A, 29 ofE )9 &2 U

T2 Slsl 7HH Al 2ol oAl Al B A WA EI/HAY AZHTIFD, &Y ¢5
AZHICT), WA B A2, 78 AQ A 22 e 8 72 AR 119 73

A Orca(Yu et al,, 2022) 5o £&8 02 A== 27A=PRequest Scheduling), 3) i
of = Aol Ae] LLM oM E, H24u AR, A AR BE A F)A 5L
g9 ofg] BARS A, o] &Y 53 RdS &0 X F Sle v

29 AMH] 2~(Multi-model Serving) 5-©] Tt
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1. |2 2T2|&(Decoding Algorithm)
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< st 7|€50] E8HAT M 29Hdraft) Rdo] oY EEE o Zsta, © 7Y
gk tiiHtarget) EHlo] olF WEE HFd UId £EE Holv 5 HAY
(Speculative Decoding)?] At 2= %t 2 T4l 7]& dlo|Ero]~9] EAE WA A

o
it

g3 31 B3-S A= Promptlookup Decoding(Saxena, 2023), z<¢F 2de] &8
& EYE FAstY HE AFS 8olstA st Specinfer(Miao et al.,, 2024), & vk2==
HA S A Eg ojdld oz oy wFA JEo EES T &k Medusa(Cai
et al, 2024a), %+ 24 glo] ¥ A AU FH AAXLE A= Self-
speculative decoding(Zhang et al., 2023k) °] 1, st=glofe] 54L& efste] v Eg



A 9 A HAslehe 7ML AREE AFEAE E82 2 Yl Flash-Attention.®
2 g Agd & 294E AAst £84S =0l Flash-Decoding(Dao et al., 2022;
Dao, 2023)7 Flash-Decoding®] $HAIE H.kste] BlE7] AZEM 2 HA3lE GEMM, 3t
=do] 2$¥ dolE 55 52 F3l HuggingFace thr] 4] o We £=5 24

FlashDecoding++Hong et al., 2023a)°] it}

it
o

2. 28 AF|EZ(Request Scheduling)

Wt ol Bl 9 ~AEEL 7PAARI Al Zojot A7 HF 54w &l
sttt 942 GPU 285 Stiglstal, Ad Abe H4assiH, Ag#dS E017] 9
3 AY2E zZja R, &4 A, 1 839 SAS 123 33 2AEE TIHe
ggsh= ol 84 2AEY Mg 9 /A $83% 5A2 D FoI Yol o d

grEXEA AH, A KV A, B oHE F)¢ &8 ZE#%, 2) A
28-S A% b A2 Aol oA A, ) A AR EF7HAY] ARKTTFD, 24 ¢&
AIZHICT), WA EE Ag#, 78 Ad AR 22 gdd 84 5 A% 149 +

g otk 8 3s YA R Aesta $H 0% wXE 745t GPU &8558
sfetal A& oE dolo] aH 0= F A AREE Fole W FF 9 54 wiA Al
B2E W8 o 2AEEH A9 s Adstd A9 A3AA B4 W & A
ZgozMN o)z ARG 943 H5S TS OrcalYu et al, 2022), AlE27 45
w2} w27} B2 o2 WA GPU gl&a2E AL AT 4 JEE ke A% A
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A T2 el ZAYE oflel, 201 o4 8% CUDA-cuDNN- TensorRT 5 =
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AGlL 719 =] 71 s o] oA & e F9ol=t ¢ & Aok

D) ko] 9 ] oFE(Biopharmaceuticals)
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. Social Media

Omic Data
Precision Medicine
Platforms
|
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» - Technology

Artificial Intelligence -

Cloud
Data Sharing

Researchers
and Physicians
Cognitive

Computing Deep

Learning ~ Machine
Learning

Big Data
Analytics

I
' ) ¥

Supervised Unsupervised Reinforcement
Learning Learning Learning
Precision Cardiovascular Medicine P
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(E 7—-7) FDAOIM &QI8t ol=X|s o7 2 Al

71 = A g8 =g
Apple September 2018 Atrial fibrillation detection
Aidoc August 2018 CT brain bleed diagnosis
iCAD August 2018 Breast density via mammography
Zebra Medical July 2018 Coronary calcium scoring
Bay Labs June 2018 Echocardiogram EF determination
Neural Analytics May 2018 Device for paramedic stroke diagnosis
IDx April 2018 Diabetic retinopathy diagnosis
Icometrix April 2018 MRI brain interpretation
Imagen March 2018 X-ray wrist fracture diagnosis
Viz.ai February 2018 CT stroke diagnosis
Arterys February 2018 Liver and lung cancer(MRI, CT) diagnosis
MaxQ-Al January 2018 CT brain bleed diagnosis
Alivector November 2017 Atrial fibrillation detection via Apple Watch
Arterys January 2017 MRI heart interpretation

ZPIE R 7)7] EoplM e wEd ZR AEAT Tlee HEdt Ak AU

& AEEoldstaL Alojeta] 54 AW A 5ol 7 axAR] HM2E ksl 34

< FAgtehs | AeAT €0l EE8HL ok
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(28 7-3]9A4 YEHZ 7|jte.2 98 IAAE FES= 35S B9 Idot
(You et al., 2022).

(23 7-3) HEYT 7Y 24 YK T DY 52

LY\ B iy
DEGs . N4

-

C Step2: Identify coexpressed modules

o oogFC 5

D)

-40g10(FDR)

( Step3: Module preservation analysis )

|

( Step4: Module-trait relationships analysis )

Two gene modules One miRNA module

[ Step5:HubGene | [ steps:HubmiRNA |

D] i g
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HA 20tE F 9 A w9 FokllAe EEF AATE % A S HolE, B
& e, 1A 7)1 ARE AR E HA JIFA T 7Es AFHOE 2E5te =, H|
g, 283 FoFs Zag Xo dag nEN AYUEA FEstes Alojsta itk ol&
3l A= S Sdisteta S QHS HAastel=S FhrHKamilaris et al., 2018).
(28 7-4)9 4= CaffeNetolgh= 4 & NN 7]9ke] Y| EQ] A5 B
T3 JtKSladojevic et al., 2016).
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(02! 7—-4) CaffeNete| 72t A= 2 2F OfAl

fully connected
layers

w43t 5A% 715 e H5
olg B3l Hsle FEE /R FEE MEsket a7 HE Ak 958 £ Itk 1
groll 47k 7191 71E(CRISPR)F IEAE 71eS Adstd §F 882 Hole d7%
k3] 213 31 YkDijk et al., 2020). (728 7—5)0)A] o3 Ao Al EA 7]A 8
F2 ol &% FAA BAY dAE BT ot

o
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(O8 7-5] 7/ s52 ol8et RAA 24 oAl

—

SEQUENCING MICROSCOPY
+ DNA sequence » Light, fluorescence, electron, flow
+ DNA modifications
(e.g. methylation)
+ Transcription factor
binding (e.g. ChIP-seq)
+ RNA expression
levels (transcriptomics)

MASS SPECTROMETRY

« Protein / metabolite quantification
« Protein modifications
+ Protein(-ligand) interactions

MACHINE LEARNING
GENOMIC REGIONS GENE FUNCTION/REGULATION OTHER

+ Pseudogenes « Promoter activity = Single-cell RNA sequencing
+ Crossovers + Regulatory networks « Metabolic pathways
» Selective sweeps + Candidates for traits « Multi-omics

mheho. oAl A L Bobol At AB4 171 Makgel gt A7ke 44 37
S f ARSI BHEY) Sial Thopd W 29e A BAoldstT HAe e FEd o

A% 714 BEIIE Aol A5

o Sol= Hlol o Bof AGI 24 8%
so| Hlol Q. Rop 7|29 A Amo] ek HAHI 4dS AL A% 7
S8 AN AAE TESRE AL FE B U 3 ok o F 98 AFAS 1
& AASAG 34 AHE shev AYF 4BL FYL Yok o] Fop
oA AGIEHT @ 4 93 AFAFIE B Aol Bk, o714k o
2 A% 712 Bok FoIA 14 e F22 wa gl oo 44 ¥ 33} Eojel ol

L YA 5 g ko] F 7RA ARt g,
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(22 7-6) 717 &2 7|5t 0jME Hsh AlZaold BHE

A Directed Evolution: Single Mutation Walk @ = Library at position

Make all Fix the Repeat for remaining
single mutants Q000 optimal mutation Q@O positions in set
0000 > 000 > 0000 —0800 ——, 0000
00D o0 !

e

Repeat for next set of positions

B Directed Evolution: Recombining Mutations in Best Variants
Test recombination of

Randomly sample ) _ top variants
combinatorial library @ 0.

0000 — gene — %000 __, cece
@ 9

Rank variants .
Repeat for next set of positions
C Machine Learning-Assisted Directed Evolution

Train from Test predictions
Randomly sample Mmeasured variants

combinatorial library
A — — 0000 __, °e0e
A !
I |
:._ _ _ _ _Repeatfornext setof positions _ _ _ _ _ _ :

HA, vol e 24 9 8het Eokl A EAT Ve 54 35 oy gk e
aste o] Hold nAE #Fu 845 AAske U AHEET date 715E 7t
A g d(asr) 725 AFTH A8 ndEe] A A2E FA St Hlole &
gt2EF} Hlo]lQ 8 § 8% EF A 588 =t Wu et al, 2019). (29 7-
6]oIA 714 St5S& 7o g A=Y RstE AlEd ol st A S BT Stk

202 o] o] 9 34 A3l Zoki A AFAT 7es EE3te] uho] v
22 HH Ho] QogE, Hlo] oA S Aikete 1 E 3AS HAssta vk &Y, He
U EYY 09 24E& /M A8A0R R & v HHY nAE 2FE Folde

HE AEAs 718 AlEdolde A54os &8ska Sl
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I AP A B9 A2ES 75 a7 dkJumper, 202D, =3, AlF AR %27
A FE FDASHEU 9] 74| 875 W33 A5 2 T4} Z2A 25 A5t &
3l g23E W& 4 ATHAboy et al., 2024; FDA, 2025).

g0 Fg3tet A4dst A8 e el A T AR dY HES A 750
Fasith JA3As B2 HolHAS HEUAS Tl st 7] T W B
=& 9% CRO/CPOSH QA wWEA AFshs REY o]zl 75 2 Y] &
TEHTorres et al., 2024).
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2 F8 AR Ve A%
golE o] o Bop s R AES 2 AAE R R 18T Uk ol
TEu Z A} 3 2(Metabolic pathway)E
AGI7} As o2 A, 5 71A1e] AAIRES 71 A QoA AlEdo] st 2
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4 31004 3) Blo|2/|Z HOF AGL BB HY W AW &= Fat

g3 109 F, AGIE whol2 2 95 4kolM deedt B4 =75 dof, AW A4
o8 A E osfstr MEE A A2"lE s 35 F2AHCo-creaton) £ A2 o
A% Aoz JIfAh AGE FAAS 91, 21, AAsE A Ao Bosiy HolH
o] #4 FEE ol Ao EAlHA ¥v MEE 715 Sy nAdES A8,
B4 AeA Y FaAe-S AEdoldste] njg & oS3t Alofste Tl o] & Ao
ot O Eo] AFIF AF7HA AP ZPE S50 FRE AW, A%, 18a 3 4

g AT ZAGE 7HAA 2 Aolth AVIAE FF 1099 4714 A4 AGZ} 7t
A& vpole g o7 o) ZEA WslE dueta, v Ve AAYES s
3l $EI7k vt=A] gEsjol & A ME HEFS AAstaA st ols 7€ F44
(Fast Follower) Ag-g Hol, A2& #4& Ve H2AE FH(First Moven =29 A3H-s
78t 2Tolojof & Zlojth

7k HE Hiol e ok
D A9 A

&3 109 & AGIE /M09 A< A dlolHE 7oz 154 7194 UXE E
(Personal Digital Twin» &3l W& A #Est =3t& Alofste AHE € =
A& Ao|thBenson, 2023). ol Ao} 22 AW Wy A o3& o], AGIZE AA
3 A §82 224 (Cellular Gene Therapeutics) S 3 99l A4S A4ow HY
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(08 7-8) U= 0[F 37(2 A 2% 37 oAl

Fish Tale Propulsion

Magnetic Plates
Temperature Sensor B 4
Power Source \/" “

A Pressure Sensor

Chemical Sensor

Data Storage

B
Py - - Other Anti
Ovlonry Applications o
of Nanorobots
Ci
Deleclin?!':::t; Precision
Diagnosis Surgery

Infarction of
Tumor Blood
Vessels

./.I,ﬁ-‘-.
M P

Targeted
Therapy
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(12| 7—9) 12l Hjo|2 EotoMe] olZx|se| E24

ol Wl 7N BtEd G AFol MEE += vk AL B vld=(rte] 2=t
ol 7 Aol A Y%L FTE HAIAD wEFFY AFol AGl o) EAE
AT AMFA AAE AFS FAEEIY AF ZUHE T3 SA AiEo] JHHoz
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FEe B4 72 Adste 97 ARIE oS o itk(Voigt, 2020).
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Aot AGlE A9 &2 +3 dgg Zisto, 2Tt 4 &0 A+ ¢4

g 74 g A% Msd A2Be AAST egaie Aol s SE 9t

X0
mlo
o
l...(

4o
Oft
%

4

2 F2 AR 7le A%
Blo|E HlolQ Hopol o] Al Zed MejiE A7|H o &3 H3hE dA mA
S 13T 5 Uk AGIE S v ZekagE BajsiAy 7] $9 oj4tsieka
Tote] F&3 Hiole Ay Eeh2E Y8R Fushs wEY FA v AE(Designer

Synthetic Microbes)& AAIsH= @Al ol& 4 At o= 74 AL s|4st= sA

il

ok

2 el
E3AGIE A7F A % AW Ad) A= FEY A0 Helh 9 B st
222 Wgatel Fe sl Waka, 4 A At A 59

- 124 -



(38 7-11) 9IBRISS YS5H= CBE Mg 2

Artificial Intelligence enabled
Circular Bioeconomy

Intended Outcomes

Focus of

Y P pABeE ¥ Environment

Reduced GHG emissions, waste
reduction, ecosystem
regeneration

£5Resources

Efficient use of biomass,
cascading value chains, nutrient
cycling

E¥Economy
Al enabled

Green jobs, rural development,
bio-based innovation

CBE <Innovation

New materials, circular business
models, biotechnologies

| IFood &
Agriculture

Less food waste, better sail
health, more resilient food
systems

EUrban
Systems

Biowaste valorisation,
sustainable packaging

*Bio-based products
*Share, reuse, remanufacture, recycling

3 AAY Hng 9P A4 A

Blo|E Hio] L Fofo] A FHE siMs 34 dHAF A, 2l 2ALY
o] EHAAYE SHNoF Aok E=F AA 7t A AR RS EA9L ol kol2 &
AE sjdste] nFdel tivts vlolg FH7} dAF o oF At T Froll AGL Al2F e
8ol 3lof WE TxoMY BAY FEE Aol & ok
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20259 A4 22E 8 AHS g AFAFNarrow ADE Hof, & AFAF
(General-Purpose AD % IHold B GAZ Yt FAoe ol dAHNEA
(FDSU 72 7|9k AR 5 AFHE 5 253t SAlo|ATd, FHZoll= vt dof =dl
(LLM)3} ool dEF Al AJ2~El(Agentic ADo] Ao 552 A4 715(g2=2 #e]- 4
Mg A YAEA S TRACE WAL YTk AAl F8 587 8ES
98] Ve &8 Fo] ofvet AN AAY Frof Qxetr QlAsiy, AbA AL
R&D)F} Elofe] AeiA Tl tiit 2 A4S skl itk

JPMorgan Chase= & AAl &8 F Al & =F vl5 37% o4& AA3i 544 F
3t LIMS &9%F0]aL, o2 QI3 Azt 209 2ef o] vl& A7 834& 24333
S 2 ¥359th Goldman Sachse Al 719t SHAAFE L2 A7 =+ 'Visual Structuring’
4833 Edold a&AH AYAE AT TS DBS Banke 37074 o) &
£ Aol 2A 1,5007] o] Al & %93, PURE(Principled, Unbiased, Relevant,
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g Eflold £4], gl22a #e, RFY FA JAIE AF T 1E8HE Al A AHl 25
g8t Aok =3 58 AR L] A9 ZA<] BloombergE 5009 sh2bH]E] R
©] BloombergGPTE 7N&ati=H, ol duba<l NLP #flA|utZo e S5atAY o
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(2! 7—12) BloombergGPTe| 28 2! #HE EfA3 Ms H|m Ao}

Finance-Specific BloombergGPT GPT-NeoX OPT-66B BLOOM-176B
Financial Tasks 62.51 51.90 53.01 54.35
Bloomberg Tasks 62.47 29.23 35.76 33.39
(Sentiment Analysis)
General-Purpose BloombergGPT | GPT-NeoX  OPT-66B | BLOOM-176B | GPT-3
MMLU 39.18 35.95 35.99 39.13 43.9
Reading 61.22 4281 50.21 49.37 67.0
Comprehension

 Linguistic Scenarios | 60.63 57.18 58.59 58.26 63.4
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< AHAE FE3k= dzet FEAHnfrastructure Builder) 153
o] ‘$-8&7]<% A& 2K Application Adopter) 108 %=
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2) A Mulz 7 thaky o] E Z|uk Al 4 St
1A A oA s tEkd LM o] EVF Shatbsar Sl A2 32 A= 4
150the] HAE w2 Al wiAste] 2o 7k S84 2=
& AFsta gloH, 74 HE Feo] Al HAA'E I &5t dAF A+, AR Y
=5, T84 27 T ATl F2 s 60 7je 95 A=ZWH(Celf banking)
K Hzx2 A= 1,100 A A4
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of Al B AT AF AW 2 EE AT QRS S glon, 38 95
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20259 ©]F 59k F§ Aol e LIM B8 BAE dolA, 24§ vl 23
3le -&d o)A 2 e(Financial Foundation Model, FFM) A EjAIE F23t= X717} 2 A
o2 AdEn 5§ 53 2ol RRAFFMS 9] 55 Aol oldfst
ofyet, 71&9] LLMe] 731 gt lof He] Aes frAlstaA 5§ =l ¢l
B AL A FREs AL BEL ok
&) Bloomberg®] 5009 7} stebrle] F5 =2l BloombergGPTE &6 o} Hl2~=
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) &% do] 9&HolAd =d(Financial Language Foundation Model, FinLFM)
2 3¢ ANAY d&dol4d =d(Financial Time-Series Foundation Model, FinTSFM)
) 58 HA-2o] sedolA Re(Financial Vision-Language Foundation Model, FinVLFM)
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(O3 7—14) 1M 2o}9| Lifecycle

Constrained by budget, site,

regulations, client, and Planning & scheduling
environment. Complex and iterative

process requiring multidisciplinary O
integration.

Estimation, allocation, coordination,

z and synchronization of resources.
Procurement & supply chain A =
Consideration of uncertainties and

changes.

Selection, negotiation, ordering,

CEIEELSEE SRS Fabrication & installation
Compliance with regulations,

standards, and contracts. C

Transformation, assembly, and
" u integration of materials and
Inspection & maintenance
products. Qualiy, safety, and

O accuracy of products and process.

Detection, diagnesis, and repair of
defects, damages, and failures.
Monitoring and evaluation of
condition and performance.

Z+8: Taiwo et al.(2024)

A4 A AA(Design), AlaConstruction), =€ ¥ 3% #&|(Procurement and
Supply Chain Management), A2+ 2 A x](Fabrication and Installation), &)1 ZAAF 2
Z ®.4(Inspection and Maintenance) 5 A Z7](Lifecycle) @A 2ol 2 9lthParsamehr
et al., 2023). 7 Tl Th¥dt A, A& Bof, ol AR 24T TS BAE dhe
B33 Ao w A, FA o8 Aok 24, 244, 181 Wt a9ls 1t
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3 #FsoF drHTaiwo et al, 2024). olf¢ 4+4d 542 AGl(Artificial General
Intelligence)e] A4 74 & 491 FE(Reasoning), A& (Autonomy), 8r<5(Learning), $H
A4 9 7HA] JE(Safety & Alignment) 71&€S AA| SoNA HASE F Je S8 Hofz
P74 a8y H2 AFES 43 9 3 F4l9] Artificial Narrow Intelligence
(ANDo|Y 27] AGl 42 HE# Ut

(32 7—15) Text2BM =323

“Iwant to build a 2-story hotel with 8 rooms on each floor. The rooms are arranged in graups of 4 on each side,
separated by a 4-meter-wide corridor in the middle. Each room has a door and a window. The doors of the rooms
are on the corridor side of the wall, and the windows are on the outside wall of the building. The building should
have a wooden pitched roof and brick walls.”

> Decides whether to consult
Instruction -
amstructlon | _ Architect
Enhancer

Generate detailed
requirements

Human in the loop D ‘ User instruction

Tool set
(API documentation)

Self- reflemon hmp
Self-reflective i
are raised the code

Quality optimization loop
When issues are found in BCF, guide to solve

Custom Python
interpreter

Rule-based

model checking Reviewer

Z+8: Taiwo et al.(2024)

=

AA dA ) HE o] 71k 3=E(Language-to-Action Reasoning) 7]&o] wAs 1 Ql
Du et al.(2024)2] Text2BIM A7+ 992] LLM ollo]AE7} A2t 2t A& 343}
I o]& Vectorworks APl WHol2 wgtste], Agto] 23 #F 7bs3k BM(Building
Information ModeD& A+& AAsh= ZHYLAE Attt o] F & 7Ivk 24 AP
(Rule-based model checkenE 53] A% BMo| F2& AZ3o2H, <o o]aj e} A
7L st Asd Ao w A5 =

Ag SANAE AeF gAEAR ASH Ao Jlso]l FEEIL Y. Yao et

al.024) e AR 9 HAZ ZA) JAAA A Markov Decision Process,

m{m
I-JJ
[K
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A 71 BN 4 29} Axe) FFone Sl
AGIZE 4+J3h AL8le) 18] 7Ps @ Thev 2 25a7] el s, 7144 1rek 3 a2

Wimgol 2848 A% 5 AuA 24o] BEAolt

Foeeh AY, 29, PHIR T 9ed G904 AlY
gHgo] F=ItkState of Al Report, 2025). olE Eof, Y4 4ol A= OpenAl] Sora
+ H2E Yo 2 HE Ao 1% Zol9 3o g diH F4E A, o= 43t
-oyuo]d Fofe] xeju]Z(previsualization)th ZAE AR AlZF HA A APHo=
2853 3tk Google®] DreamFusion(Poole et al., 2022)2 E]2~E 7]4ke] 3D AR4hs 2}
s AAstY, 7129 RdY-AUY golZelS F&3she 98E stal itk o

HI S -84 A o|Y A&y 58S ZEFAE XA, 27] @AY FEH

flo

T
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vgeE 59 TEY A BoE.

(A2 7-16) Al AlZ20|d 2tEojMe] 4d¥ ofo|dME

Joining for coffee

Finishing a
morning routi

A& Park et al.2023)
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AY Aol LIME 71wke 2 & 253 NPC(Non-Player Character) @77} &4a}
o} tj¥ 2 o2 Stanford®] Generative Agents(Park et al., 2023)= A E7} i3S 3
A A BAE g8, 719E Ve RE PEs Agse ZHYYIE ANSAT ©]
A 71eS A AGIE oFIAT, A &4 3 33 7N FES APHOR F
A3 A E E 5 Ak ol 7129 23-E 7Nk AlY AACA Bleju, Solo] ¢}
FeAgs T8 WHAHE ) frsd g e s 2R 32 sende AAskaL itk

w07 o2 Aol E BAE Bdo] HERIYEFGNA Fa% IHE Holn
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A 38 9 As gl 850 223 dAsHLocalization) #A 9] &S ol Utk
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A S Qe Bopolth B Ho X AGL 71&0] alY <3, I 57, s ok &

T4 Pl mAe SFE AL, $7161) - Z71109) A AM A Arke] 7=

Y EF Age AA mHel 80% o) World Trade Organization, 2023)& H43H=
A Ao, 22 FFE AR T BAGR AAHA AFHOE o] Y
[e]

&-FqN-E57 o A Fo.2 FoF o] gom(Caliskan, A., and Y. Ozturkoglu, 2018), Z¢

Fgol Bz Ao Al gk A2 1093t JAFATY 54T DAL oA +

(Markopoulos, E., et al., 2023)5]3L 9o, o= &% =
BrEt 28y @4 7€ g5 Narrow Al 5o HEH IAY 45 58 4
A g4 1: Emerging AGlo] #25]

al L.
AGlL 71&9] 24 %31 7€ A% dAE BY8k, 4 #&9 88 7Hs4E =43t

7h 3l 2ok AEd B o3 JAEA Ad

3¢ ok AGL 710 71 WEA gt d9 o g, A8 HHMASS: Maritime
Autonomous Surface Ship) o] thEA o]t} A A7 THIMO)= 20243 "MASS Code™S &
3 A& 525 253 A YDegree 1) oM A 2H-8--3HDegreel 4) 7HA] TFES} A,
Al 719k 23k A o W2 A3} kA7) FS A A18H tHInternational Maritime Organization,
2024).

=9 A 25 w29 0|9 Yara Birkeland&7} it} 2 A . HE 39 . HokS AV}
Tk AA Hzo dH AL JEAOR, o - EF A F7] HolHE
5353 g2 Atg 2 H71E ohYara International & Kongsberg Gruppen, 2021). ol A=

3 ofgati7} F33te= Korea Autonomous Surface Ship(KASS) Z2ZAE7}F F31 Folm,
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202585 71%F IMO 7129 Degree 3 A&9% 7| W

it

Ex2 33 JrHKorea
Autonomous Surface Ship Project Office, 2020),(Ministry of Oceans and Fisheries, 2020).
ol T Al E2 Au tlolH - 7R T S At AATE A& A
AR S FRFOEMN, A JNY (ol &3 H A3k el Emerging AGI @419 ¢
AR A 2F o2 st Qloh o e Fatdls b gl AlolEek 99
59 ZA7} Fot ik 250 20,000 TEUQ0T E A”olY 1)) HEjoj Auke] 7%
US$54,500/TEU F<&olete 45 Adto] Y2+ &7 7EA7F oF 109 2ei(9Fl.4x4)
ol 2 A0E JFH F, A&LFS A L A AlY AL AHAE 2 B
Qb oigk Aol mig 8% E54o] 2 ZoE ot

(32 7-17) IMOoj oJ3 FolEl a2 Hof g2y 27

Level of autonomy Human presence Operational control Human role

Seafarers are on board to operate

Ship with and control shipboard systems and o
Degree 1 automated Yes functions. Some operations may ~ Supervision and
s processes and be automated and at times be operation

decision support unsupervised but with seafarers on

board ready to take control

The ship is controlled and
operated from another location. Backup to
Yes Seafarers are available on board manoeuvre,
1o take control and to operate the supervise the

Remotely-
controlled with
seafarers on

et shipboard systems and functions EySCIE
Remotely- : .
contro]lesﬁj The ship is controlled and Monitoring
without seafarers No operated from another location. and remote
There are no seafarers on board control

on board

Th . il Menitoring and |
e operating system of the ship
RESIEY Fully autonomous No is able to make decisions and SHSES

- 5 ) management
determines actions by itself

A= Sharma Amit, et al 2019
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