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M2, HITL(Human in the Loop) AZ @A Stage 45 7Hg A
A2 AAR o] mYdYae Al 7He AME Agent= FASHET
SG 58 95 Agent= AT SHO=HE ESG 58 FoF 99 &

kU

7

e
ox
xﬁ O\N

el

Z35te] ESG =& ]z B Y&35ta, LLM 713} ESG 714" Agent+=
O A s ol RAGS KGE wghe ﬂg} o wr2q A4y Ra
£ AAdsto] mg et FE 240 digst, A&7t A5 Agentes A
HiME EIEC 523 W77t 37t 715150}‘:} 2d-d4 aed &

o] Tomatel Ayt EAug Edol=onE HekEste] AT
o] 272 ntadtt wetd B dre] 248 Y mde A%
Al 7ol Agentt shte] §714 molmelslom ABshe EY W
Ast 1 e e Azt o gt

:l:‘
kel
to a% & 1% oX

w2 W orlo ol x



A 2% ol2d WA B ARA7

A1Ad ESG AYH F47Y

ESGE 7199 &34 A9, ASA 7tx], Atz E94E 58 371
Sl T AT eltt 20048 549 22 FHE HUA A golrt FAISt
= 5 20068 UN HAEALZ(PRDOZ A AHEAF o FhatE] Q]
2010t GRI, SASB, TCFD®| FA| 7|E3E AA 2020dtho] A=st 2
o] Fst AR AYstct. Alwste] £71382 EUS| 719 A&7HsA Bz
Z(CSRD)T+ 237 AAAA(CSDDD)olH, [FRSE S1, $2(2023)7F 224
35 712 AASHAE olHe e FEY AEREHE dr1de] A o
ool W2 A R a7t g Axst A=(F§dEe] 2AH
3 2EWE Tl = F4AVIY tEEt @ 4719 doses
AXH FAAAL 75 22 Fouf, di7|g-22d dH o] tf-go] 243
FE FIUS B ESG HE 847t EUtuotA SAtEs Az Elvh

ZHNAE AAEAGLAETL K-ESG 7Fo]=akel (2021 v1.0, 2022 v2.0,

ol oft 1o
w0 o

2024 AWR)e, FEMAZIQE, F27ATFAT 2719 55 a8 2
RIS AAE Gl stk dE 27192 ESGE] Bade Q1S A
A 2] A2 753 JAor Russ, A 9, okl ofs] FFo] F
dler ALY HITAY FEIT Y AR FEo] gt ghH, FAMA
Z|ARTTE AN FA47199] 37.0%7F ESG EYo] Ao ofjzAtgom
Hg e Joron, 7149 9rks 1719 2009 9 S50 vgd U~
7o 28 7|3kl AvlE 1009 9 vwk Fa7|He] REoE H-girt
=4 ESG H7HF Hetd mEy Prpjges 444

s
t}, GRI(H1 fz-gAlo] Za¥ EZF) SASB(777] Ard A7z =94
), TCEDU1% AT FA] 4t 94, IFRS S29] 71%)
F2 47|49 A HEg dA2 oY X|qt thr]d

o] 38T TAa7IUel &Sz ESG HH O] Helet A A4
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FA
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Bl 24

I (self-report) 78t &4

olzke

HIAZHE R

AR 719 W g

7F AH %‘5’5}% 13'1:}7‘4 Tﬁﬂo]‘:}. o] &t Hok(self-enhancement bias)
ojuf ¥h-g 9 (response distortion)] YA FHISIA|TE, FAlo 719 WH
o] AA olg £FE 7HE AHAHOR HtYst= HlolHol|7|E sttt 2 A
= °o] A7|EA HloJg 9o oF EPAAS Aoz AFolH, RA 5HH
o2 MAHHE ESG 582 F45H4(ground truth)2 4ol 27w &} 4
A Jrt 55 1Y SAH TAE Yt
[£ 2-1] ESG B/ @27 A £ o8 vy
o3 B717) =23 B Al o 2714
T o 07]'7] ! l:lx'“Z:" 07]’% = 07]':1}3 @%}é
Al A : AFA}
2o | MSCIESG | AAA~CCC | SRAARE o0 .
A1 7]_ Rati =1 —IO_A}TFiT)_ EH7] %1 %’u—(%i)
P annes °F  |opymupEH| 34
= o BN
=4 Sustainalytics 585 (Negligibl U]“Elﬂ _ﬂ—f 1.59F 7§AF LR
21 X118 7]_ (M . ) e"’seVefe, Z(S]E()]:E}" S)’]T O]/\]' %E‘('ﬂ—i)
ol Ormngstar | rosz ony | p EﬂOlH °
229 | S&P Global AAE A2 g | weas
= = oba ~ pal 502 e ~E\lVET
A7t ESG Score 0~1008(CSA) 07]14{;? ol L))
E- =2 O
3 ~oy| cav-ppip. | © 8B AR} LFO (A}R}F
%LH ?_].—%ESG7]T'__—1"J SA+AB+B 7]]:] © o)A o /\]- XE'(O%
3497} (KCGS) CD 753 ‘;ﬂil;H“T F1,0904F | A} @)
[¢)
g7t ey
2 AA-A-BBB-C| ¢1° ~
SR MNAEHAE DE 7532 #ﬂ]@i_ °F1,3004t | thE vl
7|8k (123)) Fads)
= 714 —rxﬂ—‘_ﬂ'
K-ESG 6131003 =3(F=
PHREER] Somera | g aw | TIRRCAG R g
—report) HJ| i)
308 — Al AZ]EI+ Al FAIgH l—ﬂ%(l}%
AT | 2 A AA"H| 2 (Low/Mi| S839= | (28], a2}l
d/High) ﬂé% @7t 014g) d"J A5)
Z: 3 AA-GIA FRE 2024~2025E ZF 713 ZANAE 7|EolH, A R
B} de-siaol et WEE 4 ol



Zol fgEz AeHc FRWIY A BB R W dolgo
e ARE Ee SES ABHAW, Wbl AR d7]de] HEEo]
L Hlg-Fe] Fkom Qs WA F4719 drkt A4 W7k W9
grol itk W ARIEY Byl Raag gl sl 4719
Hgol Lot g9 ANE AA 5F SEOR PASPIG A AA
Wgro 2 AASHs s ATS Teth B AT Axde Atage &

Mo
)
rd
oX,
fllo
Jdo
R
ol
el
rg

A3 d WA 7|8 ESG 9

|\
2
-

ESG 55 oSl #Azds 28t Add++= 20208 o|F F45] F
Zretglon, 2 A 714 AF-3A HolHE 8% 3 d EF 2
di2 A7lEo] ) Jiang(2024)92 A@2]H, HHEHAE, GBM=
stol GBMO] ESG % 5o il des B &stlern], SHAP &
Aom 4AHAEF7E ESG A9 19 23 8=

Zhang & Zhao(2025)10+= XGBoostet SHAPS Agsto] F= AF 4
&7194(2013~2022)8] ESG S8 cSstal, AT Ay, 27, AR, Al
Z0] 47 Aol AR 157 AER Accuracy 0.9109] A5 Hslct o]
AFE ol W7t diSof Zlofstertes Aol SHAP gto= geho 2,
ESG o= o] AH75A (explainability) 2F9e =5ttt 9HA Cai et
al.(2025)1D& = A4 719S o2 XGBoost+SHAPO| LLMI} 2] 4]
JHEKGE A¥et s B7F Bds Aljtetal, SHAP EAo= 2H4

(38.7%) > AMAL(32.0%) > A+2](29.3%) =9 7|9x #eS HI5HT

iih ol
b

rL

9) Jiang, X. (2024). Predicting corporate ESG scores using machine learning: A comparative study.
Proceedings of the 3rd International Conference on Financial Technology and Business Analysis.

https://dot.org/10.54254/2754-1169/118/2024.18728

10) Zhang, J., & Zhao, Z. (2025). Corporate ESG rating prediction based on XGBoost—SHAP
interpretable machine learning model. Expert Systems with Applications, 295, Article 128809.

11) Cai, B, Ye, Z., & Chen, S. (2025). Intelligent ESG evaluation for construction enterprises in
China: An LLM-based model. Buildings, 15(I5), Article 2710.

10



¥ 2-2] ML 7|8t ESG 55 95 Agd+ v
B glo]E 719 FRA4% SHA|
Jiang et al. | S&P500 ESG <, | LR,RF-GB | GBM®’ gjfi; ]54(7]5:?
)= = o/, H
(2024) A 2] M+ SHAP| 0.3863, 31 | u o "ot g
Cai et al. XGBoost + ~ o A A
= 1Al 71 4
Qo25) | S AEHIYE gy | BOS HE 3
Zhang & Acc 0.91, | AFAE 9F,
Zhio | FF AT NG | TLON T ann | Wy st
(2025) 152 % nHs
nas 5 ae | P
Z_'I_ - % A ]
e an | 19T F279 sG}iﬁ: Acc 0.8631,| A7]H3 o]
2997 A} x}7} 2k A F1 0.8544 d5= AF
A 44 LLM3} ESG AAY 253}
i Aol (Large Language Model, LLM)& ESG g9 283t

ALE 20224 ol% FEIHACH

Az 5o

o]%= OpenAl®] ChatGPT, GPT-4 -F71¢}
o=z LLMe] ZHel E3} &8 7p5Ao] A

Anthropic®] Claude Fo
B szoM 429 olFe 5ol ESG HeolA LLMS| 27
7}015}01)0% Szske o)
oS ztddolz AT Zo|tt,

1
—
HZ% ©=0
75 59

A4

aKe]
= e

5
GAE(FA HTA, H,H, 2, F27,

rlo

o
-

LLM
AE 7HA

HL
1o
el
N,
4o
ol,
=
o>
)
o
!
)
N,
L
jigol

12) He, C., Zhou, X, Wu, Y., et al. (2025). ESGenius: Benchmarkmg LLMs on Environmental,
Social, and Governance (ESG) and Sustainabili ity Knowledge. In Proceedings of EMNLP 2025
(pp. 14612 - 14653). arXiv:2506.01646
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gov, ot 9% 24 AMe] LM =rjel A4 $Eg anHoz
5}

=
o §842 UFsch o AT LLMo| Mg mdo] A4

H® =Rt
oL AR ESG HIAE A4S olgths A =69l Sgh ek

F= Wg o] HaAdls SRt

RAGE Lewis et al.l4o] AQket meQlela=, oF A4S HA s}
LLMO] 9= wigto mItrFo=n 7tS HAaA]7|al 4 HEE Hhedet
o} o] 7] op7|€l A= 2[4 HjolA A5, WE AW} FAE HAM, HA

H ZAE W] £ LLM SE2 o]FoixH, e5d tiREo] THQl
E3} LLM ofZgAlolde] ZFo2 2] ot Karakurt®t Akbulut!®e]
AAE 2AHE =1, 637 RAG A+ F 80.5%7} FAISS(Facebook Al
Similarity Search) & =3 #E HM(dense vector retrieval) zje]BEz2E
BE AN Aoz AHetgl o, ol= FAISSZt ti+f2 ¥E Ho|g e gt
A A o] 2(ANN) HAJA 03t A5 eEAA 7H8AS AlFst
7] wjZoltt.

Edge et al.109] GraphRAGE KGE RAGoO| ZAgsto] A9 Hel A
2] (global query)®t 42 FE(multi-hop reasoning)< 7FsotA ¢ T4
7]ofolet. 7]E RAGZE oujFo=m fARE 4 FA(chunk)E FHA S
AMSH= HHH - GraphRAGE 7HA|(entity) @t #A|(relation) 2] I %
ggoto] thdA F2 ARE FEU Add Axd 7199 2 A
A HATAE HoJT of, HH RAGE 4 A T EAE wrekst
W GraphRAGE Az — 7|84 EAE — bt A] FEE — SO

i

l¢]

A
L d
pu

13) Wu, Q., Xiang, X., Huang, H., et al. (2025). SusGen—GPT: A Data—Centric LLM for Financial
NLP and Sustainability Report Generation. In Findings of NAACL 2025. arXiv:2412.10906

14) Lewis, P., Perez, E., Piktus, A., Petroni, F., Karpukhin, V., Goyal, N., et al. (2020).
Retrieval-augmented generation for knowledge—intensive NLP tasks. Advances in Neural
Information Processing Systems, 33, 9459-9474,

15) Karakurt, E,, & Akbulut, A. (2026). Retrieval-augmented generation (RAG) and large language
models (LLMs) for enterprise knowledge management and document automation: A systematic
literature review. Applied Sciences, 16(1), 368.

16) Edge, D., Trinh, H., Cheng, N., et al. (2024). From local to global: A graph RAG approach
to query—focused summarization. arXiv:2404.16130
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14001 95 A — oA Y A4l A F=2E Asedrh. Linl?e
KG-RAG d+&= ot 7Y Ad(vector + graph) Aol &zF AAet &
H AP ol 7ot ARAer A5k

=gslo], RAG(FAISS g 7AA) +
KG(Neodj 2|4 1ejm)o] 7 g W=t A3E F471Y9 ESG g 4

(1) 71& RAG d77F di71 &A1 €4

oo
e
o
r
re
-+
lo,
ol
rE
rhu
iy
N
S

F ooz g §hy
ESG Ztol=2iel, AFE ¥4t 15O AT 7Ie= ddshe =ud S5t &
Z

K_
A PEg F=5tgck= A, (2) 371 W2 ZA(Baseline, RAG, RAG+KG)
X

Ir

=
271 LLM R4 (Haiku, Sonnet)®] 3x2 dHdnx} A2 w2t 735t gt
AARO 2 AFrh= Hof .

[£ 2-3] LLM 7|§F ESG-RAG-KG AP+ [oF

BT UEA/AE A 7o 2 4 S A3

. T ol

Lewis et al. | o 1ps 2020 | RAG maja19ia Ay | Do =]
(2020) o nx

Edge et al. o2 A A,

arXiv 2024 GraphRAG A Heo

2024) 24719 o4 g
oor | eS| samdmgam | U DS
ZO‘EZSZI)US) arXiv 2023 é&?;ﬁ& Qg g1 TA] 24
H(zoeztsl' EMNLP 2025 | 5071 LLM ESG #l#]n}= ESS%%EE
W(‘;OeztS;ﬂ' NAACL 2025 | SusGen-GPT 24 g | /19 ‘E’Hg‘ jol H A
H oo - I;i;}_;;; é?gii%] Agentic Al &

ESG 74d

17) Liu, W. (2025). Research on the construction and application of retrieval enhanced generation
(RAG) model based on knowledge graph. Scientific Reports, 15, Article 40425,

18) Zou, Y., Shi, M., Chen, Z., Deng, Z., Lei, Z., Zeng, Z., Yang, S. Tong, H., Xiao, L, &

Zhou, W. (2023). ESGReveal: An LLM-based approach for extracting structured data from
ESG reports. arXiv preprint arXiv:2312.17264.
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A 5 A Agentic AI®] ¥} = 9 ESG AL

1. Agentic Ale] Aeole}t a4 4 a4

Agentic Al= ZAF&2og 23S QA4S &, Algde Yot
ETE E8ote] st Al AlLHS ou|eith 7]E9] @ ZFEIE-F
g ' (single—turn) ¥} @8], Agentic Alx= 14 (Perceive), FE(Reason), A
3(Plan), AP (Act)e] HHEA AJo]Z2 Eof B 7L dAAHoR 43
ottt Wang et al.o] A3 A= LLM 7]8F 28 Agent®] 4t 4 g4 =
Memory(7]9]), Planning(A¥), Tool-Use(&Z++ 28), Action(Hd))S A A5t
HRow, o] g@iFo] JoAEsh= WAo] Agentd TS AT =
SEATE Xi et all92 arXive] 37/HE ZZH T AFoA], LLM 7]
Agent®] FAHES A Agent(single—agent), HE| Agent(multi—agent), <17t
7 Agent®] @< (human agent collaboration)®] A f-do =2 EFsIATH

Agentic Al®] A& H=o] o}7] —Cﬂﬁﬁ/ﬂh LLM, RAG, Al Agent,
Agentic AIE @AF SR TES "7l it @Y LLM2 s5H oieto]g
of WiAlE =AMt ® Qlg mEIEJ gt 3HS Ao, F =4

&2 719E 242 Y=tk RAGE 39 Aol 44 9F ZAE HAM st
ets Heto gmu AMAdS EolAT, AAY A mEE & 7 &7
of gt AW (action)= F3FsHA b=t Al Agenti= of7]°f| =7 AME 59
W AeA oAEARS Hste, Foll ZRE A, A9, Ad, 3Eo &%
o& #ofstl =7 oF AVE wEshH 3’4“?50] ¢ag 7] whERt

Agentic Al= o]21gt @Y AgentE Hol, A& o & 9= 7Id 549 A
=t Agent7t 439l }_% Zh(orchestrator) o] FA| ot dste] shto] &
& Age B 7 ALHES 7T = LLMOlA Agentic Al 9]
ojf oA HM HAFoR oAl A2 Pfr, HFTHOoE tF Agent
o% FYo] FAEHE HHoR ol 4 Utk

ARHoZ o] WA AR oA DA R Aot AR ZEZE4

19) Xi, Z., Chen, W., Guo, X,, et al. (2023). The rise and potential of large language model based
agents: ‘A survey. arXiv:2309.07864



SHsHE 27 LLM, SAE 7 W2 Aesis SA92E LM, AAs
q AMIE Y 5 R E7E TEHE BT A LM, YAl HAE
2 gof ojn|4-g4L M5t ARE sodshe AHRSo 9, A
L BEE ol A ET ANARAEL AEHOR S FE Agent,
AL oALEAIHI} tho] AR Agencd} 7]l AXE BG
slol AR AAE Adel Agent § Ao B dA7o] AAHE
A49-0%0] 9T PEsts 850 Agent FATTHE HolA ohiA)
AN oA BAR olsts T2k At

Agentic Al A|2"H-S FASH= A Zde o237 o] A=k A
ZE&AR eALEDolE = ZEE oby] Hlo=x Foote] 4 ARt 4
ast= A E Agent(subagent)oll §1UsHH, Zb Agent= U4 A A3z =
olojZ]= Agent FZ(agent loop)E THET Agent’l 25 4-APIFE A
A71E 2Este] AAl S0l A-8ste 582 T A& (tool use)ol@t SHAL,
Tt dloly ¥de EFE dHIolAz Ak NS qfofe Y 1E
2E nzEZ(MCP)oet ottt g v JOAE oA fAEE &
7] 71903 7 AAao] HERE A7) 7|er FEE, §F Hof ¢ja F
2 5 JE 489 HAE AYLE Ak (context window)el 2ttt &2 9]
A= 4a tAde FHeE] 9t AA=e 295 dA5H oF dloldHe| 2
BAA g Fole Id2k+Y(grounding), 31-8%A &= P& Adst=
e (guardrails), SAE A|AH| JoFS 2] ¢kl FI&E A
Tk (sandboxing), 18|31 YBE7F w2 P o]
sk= ¢1ZF ZHd(Human in the Loop) AlP|EZF Qlet. o4 € th
AgentZ} @Elste] @ AgentHth w23 A=Y QA EHt RRE
£ 725 ¥ Agent(multi—agent) A|AFo]g} ST,

o|Zgt Agent®] T2 T ol AFY AAHl TEDE=R A
Agento] A, A AT, dist 3], AR 7HES = A3, 719
a8 2, BT AA, Aol A, HA-FH 429 AFo] 1ZolH
”74] tiztol A =it ZAE Wrgste] ZRIEES HHREHOo R JjMehE &

A Z

oF 27 Agento] AFAES =20tk oF

=

O



Az FHEG Shb 559 AgenSo] 45 ARE Fuwov] @olslt
Agent H(agent teams) FA}o]al, thE Shf= AILEC[HI}T v Y
2 YR BN R 7 Al PR, A%, 44 e Agenh w4
o7 zZFstal 1 AWRE oA HEotE 524 9IEZ(dynamic workflows)
Waolth, 2 ae] molxiele oz Ans} Adgel Yeez, AAY

i

© \_.
ArEEo| thA] AZo] tato g AHdE]
of 7t

Hong et al.209] MetaGPT+= ICLR 20244 ®3E¥ SOP(Standard
Operating Procedure) 7|4t HE] Agent @Y Z#Ua =z, AZE o] Hdt
20| A PM, of7|HIE, ollzo] &

&4 949 728 Adste] 4

TR A Z}7] &2 LLM Agentol] &%
otal 7 o] 4AFE=(PRD, 7€ AAA, ZD)S Fx3E S50 A
sk WAlS Aljtekaith. o] A= ZF AgentZt 39S LLM< ARgstH et
dg FE 4AEE AASeE @Y LLM EHo X8 a9t AnE
e T UAtE JAS ASoteH, & A9 ESG 55 5 Agent, LLM
A" Agent £ A9 o]28 ZAHE Alg3trt. Khamis et al.2D2 [EEE

AccessOll Agentic Al A|AR1O] of7|E]& e} B7 AAE Aok, tho] A
B Agent2 FAE AAEONA Agent 7+ ASzgy @8 mjgle tapdoe
2 @rlste £ Aorstth. Gartner2d= 2026 H7HA] 7]19-& o=
olAde] 40%7t £ AFol EFFE Al AgentE 5L Ao= HAYstalon,
ol 2025Wd 71 5% w|RtollA AA FIFeE 2= A Agentic AIZF oF&F
=95 ol A% HEZ GAZ o]t Q&S AlARRE

ol#gl thE Agent TRE AAlcts WAL AHHPsiHE dHom A
4= Sleh. Anthropic23)2 B3] Agent 5o 3t 7]
T719e2 FEe B $7F LLM(augmented LLM)

EO[(

20) Hong, S., Zhuge, M., Chen, ]., Zheng, X., Cheng, Y., Zhang, C. et al. (2024). MetaGPT:
I(\/Ieta pro§ramm1ng for a multi- agent col laborative framework. In Proceedmgs of ICLR 2024
pp. 1-20

21) Khamis, A., Karray, F., & Kamel, M. (2025). Agentic Al systems: Architecture and evaluation.
IEEE Access, 13, 45780-45795.

22) Gartner (2025). Predicts 2026: Agentic Al will reshape enterprise software. Gartner Research.
23) Anthropic (2024a). Building effective agents. Anthropic Engineering.
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AT, 2 9oA Asehe AAPS A Hod Ams we: 9azw
(Workflow)} mdlo] A~ A4S FLdl= 28 Agent(agent) 2 ESHS]
o YAERE oA oA AR Utk shite] 3He 3 9AR st

Chaining), 948& FFHE EFcl] A A9 A== HUs ="
(Routing), A2 FHA st¢] A= FAel  AYske wWHED
(Parallelization), A9 Z&27F 519 e EH oz Histe] o7 zdat
Agente]l  fldstal AME Fdcte AILEDClH A (orchestrator
workers), A4 F7HE EEste] Bt AvE HE R £ HHE Aj4Gt
712 2 A SHevaluator optimizer)7} 1Z 0|tk A& Agent= o]t A
A2 glo] Bxut Hojuel AF, A, T AL Arz urEsh o
LIM oZ&°] dfigsts 94 o5 LAIZHA] 2gshH, Agentic Al9] AF
el 19 2-1]3 Zo] ofg 722 Ae|Hoh

rr

me  ofh

228 A XEH|0IE-HH

\\\\\\\\\\\\

| sa oTsege s B Ky a7 el

J

(7% 2-1] Agentic Al Y22 8o Wl 2 A7 g ¥

2 A7 AARE o] Zhed vl ZHA] Hi|
LLM(@)& 71+ 292 4ot RAGeH KGE §H
d5S gdot= ESG 5&F 9= Agentet 7HA A
g ESG A" AgentE: AA HF HAR olojA=
AlolF(@)oll sfdatet. &9 LAAE o7t o574

= gt gHeltt. 34
& d=kedstH, A7
49E "@9ots LLM 7]
SR
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S =
stog ZAoA AQlstilnt. =4, T5
o] g 7944 53(C, D, B-, B0, B+, A0, A+)2 Low(C, D), Mid(BO,
B+), High(A0, A+)9] 3242 AEFsHh o] 27 ZA= (D |
THAE IR A ZF SEfAo] |EA] 47 FER Ho] o] Bt
Aozl A, 2 AF AHLDAA 555 oFl-F9 4= Iske 3wl
7 dRtdolgt= HolAolth AR, AdERF FE A2 @A oA KSIC
52te] FEE 5 AATHAERY, AN, ICT, AHlA, 7|8, Eau)o= 7Y
HEoketal, £ B olF mA HESJA -3t Q179 (One-Hot Encoding)

sttt 9-3t AZPe KAY WEE 4 §EY W4E KA

d

(nominal scale) MS4o]B=2 W 71 Z2)5}A]
cror] Wad 7t AdFol S APos wEslolof muo] Agy
ESG Wele Wt glol sk 4 Stk ATelAE S Al Al

I
sl o] Rt A

22 ESG SEH4 7 H&(%) ARA 99

0 Low) | C D53 88 29.4% 6}%ﬂz§§%j;%

1 (Mid) | BO, B+ 53 196 65.6% |7 fgi;% e

2 (High) | A0, A+ 53 15 5.0% iﬁé%ﬁ;
FA - 299 100.0% -




=g 4 ol 72 A9 aclorh Al Bdo] RE MES Mid=2 27
SH719t SiE 65.6%2] AccuracyE GAT 4 itk old WIS A
Aal B AFE Stratified K-Fold maAZF oz 7} Z2xo] S~ HES A
A dloleet Lot FASHAL, Accuracy®t HEo] Fl-weightedE 3
Byt a4 FH2High) 915 el AA Ao REYHE=S Sk
L oA xyoiy 9 =1 AA
A= Aol "t dx FF9 7I9=E AAHCc=z 243517 fIsf, 471

A 28, B, C, C-Del 94 AZE AALE T NS A8
th o] BAH L oL A7} |50 AnjarF slofetirtE AFHOE

b S 9 Sk WHER gAolth. 7 2L Akt Ay

§
)
ol

o] A A(Baseline)o|A] Zurslo] AFAEE(R), E/S/G 9 HA(Q), THA
RN S (C-1)E Hote Hao s 1A, T4 1AL thext 7o},

[E 4-5] v]& =41 4dA (=4 A, B, C, C-D

=4 F7HA i
A (Baseline) A7HAG 308 984 E-SG 7 10) 30
B (+AtQE%) A + KSIC 57 4l €4-3H4 Hu)) 34

B + E/S/G 99 Bt
370(e_mean, s_mean, g mean)
A + 3 HFAS T7](strong_count,
weak_count, e_std, s_std, g std, es_gap, sg_gap)

C (+E/S/G B+ 37

37

C-1 (+my AFAT)

oty AFAS 77H(strong_count, weak_count, e_std, s_std, g std,

es_gap, sg_gap)T 304 YHTE 22 7tEsho] 4Ab=ERt A Eo|H,
oA ExHor HAS wA dxyold #X]olt}. strong_count:= 301—63’
o] M= 7199 ESG B 99 FF=, weak_count= 2
=A%t} e std, s_std, g std= Z}

o
=
Y o] A3 (internal consistency)

=
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o2t

1. 2109 o5 A% vl

[ 4-6]9 Ayt= ©AA oA o] antsE JoshA HojEoh =7
A(Baseline, ZF7HIT 3028 ¢899 ASx 0.80932, di71g AF-5A
glolg 7|89k A3 ESG S dFet g S471Y AT HeolHE &
sto] g4t ditolty. &, AT 3027 ¢isRe= ESG TEe
81% AT o =g
ESG Ad &2 ¢ AF
al.(2025)°] 93.33%°] &7 ALEE HiRt HFL Agshd, & AFolAx

o

A A5 718 5 F7h 4

[E 4-6] 2748 o= 4% (GBM, Stratified 5-Fold CV, n=299)

Z7A 9 9z 324 Accuracy| +£std V\:;][;Bd AAcc +std n
A30-Z3RE (Baseline) 0.8093 | 0.0274 | 0.7962 | 0.0350 — 299/5
B:+AFAEF(KSICS 15%) | 0.8094 | 0.0326 | 0.7934 | 0.0375 | +0.0001| 299/5
C:+E/S/G B+ 0.8494 | 0.0323 | 0.8370 | 0.0363 | +0.0401| 299/5
C-1:+mpA AHZFAS 770 | 0.8631 | 0.0281 | 0.8544 | 0.0299 | +0.0537| 299/5

27 BRI KSIC S Adas -8 ol
g ol& Aol A AHEA FTH+0.0001). ol AA Aol Hhehs 2
ol AAH sjdo] FHsaitt. 3088 S AAo] oln] 4 4]
o] 97] WRoltk. At Az 719 B BA BEHE-02 BHH
A, E-07 M71ERDlA, ICT 719e A%
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77l B 89 REE Heloh webA A 4lER ¥ F7le o)y
w3 SHoll WAE AR FEo| HFEn, Bd stgo Mz AeE A
o] AIslA] Esttl @358 TEMaPsF 0.0274004 0.03260.8 Z7}51e] o

5
5 Aol A FEQET, ol FUHE HFEE Hnrt 4R E=olA
olzg ZET 5 USS AR

271 C(+E/S/G oA E/S/G 98 AP Hd(e_mean,
s_mean, g_mean)= F7F5FAF Accuracy”t 0.84942 2 Z(+0.0401) FAE]

Aet. o] A Fot F doE derh A, 99 =4 HF HAHe

HE)E BAIE Afcte] o A AR E wE
o= A9 wWshA] Aol B deol & = MdE H2, F7hd 3A
g Bto] dEH A ol5S AFTES AT

27 C-1(+3g FFAD) oA it FFAS THE Fokekat 2o A
5% Accuracy 0.8631(F1 0.8544)= 2AJstqict. =70 A ofH] +0.0537, =
A

oftzt wA o] HHA 7EA|7t o e ARt 712 dYE AFAA
Aok, 271 Co A7 40 ©n| + E/S/G B+
JFA9) e o FFANS T7R7F ESG 55 W] o /583 AEE H1
Ut Aol

oy AFAE e JE ok e 2 Ao 24 B(+HAMRER) Tl
Feature Importance % SHAP 24(§4.2.3)1t AZAo] sfjAd 4= ot 2
At E 270 C-1of theh Exe] SHAP 243 4ol kgroernz 774
A2 o] Fget HA Vs 5 S5 = doed, 24 B ZA4A
G-03(7F &), S-05(Z=2x7D), E-07(H7]1E8¢e) 5 I 3 &
A9l 71 "R Sld" He AR AAY My FBeRidh &

strong_count(43d o4 B3 $)et weak_count(2y o|st B 4= olgh

N
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63:

§7, A8, Auaz g B

A C2 ol wjo] AFESN 0.0401 KT 7] Lpehitt. o]
"/l\‘

5]

=
of
St
IN

o,

ALS], AElTE G Hato] on] g9 #E AHE 4Y FE &
FHOIA, I A7 F7tR Algshs AR7E Bditters & FE
% I FEH Aolof sigsty] wiwoltt. ot #2 e_mean=3.0°]
T ol 57, 13 FFP2 e_std, strong count, weak_count=
FzEh o] +0.01372 9 ®2 W wA wFvter 9A4H ZojlHm ®
2 o]gdAgo ot 7 4ol obd mA A9 & 7|2 SiAHH

b ek o

oo
H1
o rf

0.900{ WEE Accuracy
s F1-Score (weighted)

0875 e
0.8631

0.850

0.825

=

Jo 0.800
0
0.775
0.750

0.725

0.700

ZUA Ealo
(Baseline, 30) s (+ESGHEZ, 37)
K =2 (mA 2)

[O29 4-2] 2749 o= A% v (Accuracy, F1-Score)

2. Feature Importance &4

+
>,
e

Z7 B( 2% 7] GBM Feature Importances =439t Zif

E/S/G 99949 7ok E@HE) 37.6%, GAR|TER) 34.8%, S(AY3)) 23.5%,
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NFARR 41%9 o2 UEyth o=

BT AEFETE AR FeET o 2 Y

PEA Cai et alo] 37 A4 71de oz R Azt

J%= 7V w1 AMALTE 32.0%, AEl7E 29.3%% 11 A

2AbE] o] mi'ldl FUt WS Helth oldt dytE mje

RFolA E@) S ¢947 719 A, =7k AT, A FElel #
ol

[ 4-7] Feature Importance 4] 107§ ¥ (GBM, =7 B)

=4 15 ksl 719 % (%) 34

1 G-03 AL 11.04 (A4t &5 o) Hu HE a9l
2 S-05 A}3] 7.59 (Z227) 4AHA-T2AIZH-571 e
3 E-07 34 5.54 #H7188e) EF-dAEgE
4 E-02 kA 5.12 (A A GAA) 1SO 14001 =
5 G-02 ALl R 4.86 AMAr) A EA Fx FPA
6 E-05 4 4.23 (g2 ¢e]) A8 BYE
7 S-10 AL3] 3.97 (NJIAERT) THe] AA

8 G-08 A2 3.65 (BEZA]) HAF FA] o]
9 E-01 34 3.41 AT oH-TE

10 S-03 At3] 3.28 (FHEA) AAPARAY o]

g Frog AH 7|99 11%E HAeH= AL F47]Y ESG 55 #
HollAl W4t &4 olgo] AHFA adAS oulgity. W F4 52 ESG
P77 13O AN E AIYLE FJHR JEo| HFEe Fg9oln=, 27t
A S o Hrb 55 1He] Aol 7P =4 et Aoz o4
Hct, o] IHe FAVY ESG AY ZA] e 2HS W &5 IOF



et Tolof st EA|A AWM AAHoR AA=T)

291 Y SOSEREY, 1590 AP AY, 22AL 2,
AR 5 2EAe A RERS ZAUL o] By w2 JldEt Fa
QeI B2 AT el ESG B3 B 30 2992 o
uahe], g9 44 AWCSDDD) ABOR 94 7de] FA k% B

P2 AHst= A4 SEHE FEecth 39 E-07(#H 728, 5.54%) 4
9 E-02@EAQAA, 5.12%)= &7 P99 AAA ol 942, AxY
FTA7199] 27 A FEE A3 sttt 55] E-02(83 3 9AAD
+ ISO 14001 15 offel 71d5] A== FEo=, A5 5 7197 7]
HE 719 742 AAA 2polg wrggitt,

591 G-02(AHAL, 4.86%) = A AR X0 FP4} olsiEAR &
5 AAE 4%t G037 &) A Atz FholA A 270
wge AAEH, F £ 7ok gol 15.90%% AHiTE A 7]o=
(34.8%)2] °F 46%= At 69 E-05(uAPa], 4.23%)= oldA] A
£3F ZUEY AAt A8 &52, 79 S-100HJIAFEES, 3.97%)2 3l
5] S-102 ICT dFelA Z2AA 2d

E
-
Oﬂ*o*ﬂ—t— w3°IH, °olF AFTE E414 1 o

G-03 (¥t &%) 11.04%

E-04 (Ol 4X] =8) 8.72%

G-07 (2213 7.85%

E-02 (24714) 7.41%

S-10 (W HEET) 6.98%

G-05 (0]Ar2] S&14) 6.52%

E-07 (17|12 22) 6.18%

S-05 (Ateiekd) 5.94%

G-01 (ESG 7H{t4) 5.37%

. E () Y87 37.6%
4.89% - S (A3) @71: 23.5%
G (HHEA) 8 34.8%

E-09 (X+e! 22l)

o
~
IS

6 8 10 12
Feature Importance (%)

[18 4-3] Feature Importance &4 A1 (GBM, 71 B)
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3. SHAP 24 (XGBoost g =4)

GBM9] Feature Importance’t £ 7]o{ L (impurity—based importance)

=Aol= At &2, SHAP(SHapley Additive exPlanations)2 7H& =
of tigt ZF mx o] gtA 7]ofk(marginal contribution)E AlYol2d o0& &
AotA Bufste] A&ty SHAPS A& (local) 43 A G2 (global) 3
Ao BF AEttts folA 719 249 siFEE & 9A =Q0th & o
TFoMe 3L EF A4 GBME| TreeExplainer”t 4 Aofe] gle
o2 XGBoost 8] E@(surrogate model)& B2 e55t0] TreeSHAPS
2 SHAP #& AF=Estatt. & 299 Feature Importance’t A9 4=$1ollA]

SPS Slste] e BY AHge] BPS RSt

ol

[3 4-8] Feature Importance 3¢ 107§ H<4 (XGBoost, £71 B)

=9 s ks 719 %=(%) 34
1 S-01 A}3] 2.55 A¥7H Y Class 0(Low) &7 7] t
2 G-02 A& 0.35 AHdA Lz £
3 S-05 AL2] 0.28 4221 B 5
4 G-03 2 0.26 it &5 o9
5 E-02 7 0.24 HHEIAA 3
6 E-07 27 0.22 H7|= e
7 E-05 7 0.19 oz A& e
8 G-08 2 0.17 H AR FA] o]
9 S-10 AL3] 0.15 MAAHEE T T
10 S-03 A3 0.14 QAR T

(3 4-8]¢] SHAP 24 ZielA 7P F52 &2 S-01R184 9,
SHAP Adigt Bt 2.55)9] =4 7]ojkolt}. GBM Feature Importance®]|
A S-010] 49 109138l E2 EelE SHAP E4AE 1915 24

She o] FWE Aot F BA wpye] 2EA Aolod HFHL GBM
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Feature Importancer= FA Ee] Y= 3

doke W, SHAPS 7 oIS digt A4 7]oE SARh S-019]

SHAPOA 2|11 7]o]E Hol= A2, o] o] &4 4535 Class

0/Low 2f)ollAe= AARA dg= skt A Ef] FxoA= £ RHlx

7F Stk A ou|eitt
Class'¥ SHAP #4& AlFAo= 4a8s Zx}, S-01(<

#2 Class 0(Low 58) &7l

Alefl Class 1-2 2570l &(—)9] ez 7oqtt}. o]+

o VY2 dEAHoR Low SHEOE EFHUE A S AR

]

arnom s, AuFgel 9%

A 942 719 Atelell ESG T 279 Weet A (decision boundary)©
EA5tH, S-012 o] AAMA AAol A4H 92 st £ ¥4 (threshold

variable) J-& 2]n|

st} o]
AAE AR A WA SS90 Aolor Bt T4 AFE AT

alue (low — high)

Feature v:

SR
B 7 Beetet

SHAP value (2% Z2{of i3t g%

[19 4-4] SHAP Feature Importance (XGBoost, =7 B)

GBM Feature Importance®t SHAP 249 4% HbA g2 H AF
o SiA ZeolE Ytk GBM 40| Aoz ol W7l Faghrt
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(G-03, S-05, E-07°] ¢DE HolEotd, SHAP 242 7 o5 Z2Ae
ol W7t AHAQIZKS-010] Class 0 A7 2o 2HA)E HojZo o]
T =99 148 LLM 7I5F ESG #A4EY Agento] @&9 ALY AAdx
23 ZgHh & A5 53] Lowdl 7ol S-01 183G AA 82
oM AXATAR, o= SFo] Midel 71¥elE G-03 ¥ &5 E-07
m71E @ 5 A5t st BAE Aljtshs AbEstE 14y Aol T

sz,

3 Atel-2[H 2 FHE SHAP 7|0

37.6%

rigk
ox
——
e)

AHiTL2 (G) 34.8%

At (S) 23.5%

20 30 40
SHAP 7|04 (%)

o
o

[ 4-5] 73 -Ate]- 272 J e SHAP 7]ol=

IS
[

AL ESG £F o]

—

KSIC 578 F=5 57 Atdwte= AuFslste] Atddstel we ESG
Z}o]E Welch’s ANOVARZ AATH A, 570 4w 7F ESG 39
E 5AHCR Fostth(Welch’'s F=3.84, p=0.0066). °]& Aol
ESG &9 froldt =4 W& AARSHH, LLM 7|9k ESG 49 Agent

10

EXS
=

of MY A A 4FW W AEste) o2y W AFH 2AS AFet
a2k F pEol Agstel, AdF WA BEORE ESG 4 AT
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she BARe AASES AAHY,
StH AFAEE Zpolrt oF Aol Zloshe Are ZItES A UEr
1 Be] AAEF F7F &3 AAccuracy +0.0001), o]& 4| 7Fx] +

b 2 W gnel 4g 5E

12
fo
r (o]
o
u
2
| oH,
ri
&
Sl
=
==l
HN
>,
e
A

A 38 ESG 57 4% 4% 3¢ 2 A49 a4

A

AR, A7 302gTe g2 ESG 55 3Z@2E Accuracy 0.8093(F1

0.7962) 02 & 4 9low, ol t7|Yd AT doly ¥k AgdAre]

0.76:Z A3lot= Folth. A7 A7| KAl glo|g o] o= egdo]l 2

T2 B9l ASH o] A 2 A3 A HA & Jlof(dlolE #Hel 2
.

Lo

A, A AFAS T/HE F7FHH Accuracy”ZF 0.8631(F1 0.8544)7}1%]
Ht. o] +8.0%p FF2 dAG7E ZASHA] ZEote 2 HiEl AR}

A
o] dWHoR RS oulshe, WA AAelde] WMEH A
s}

>

AR, B/S/G Bed Fo5 EGT.6%) > GGBASE) > S(23.5%) %0
W, A8 BGAL G-03(8F E4)0l 1L04%2 7V F& T1o=g 1Y
th. SHAP HAo]At S-01(184 %ol Class OLow 53) 27 24 ¢
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4o B s dAFcr Fa%t Wt Y A5 2] Hg
7]at z

=
p =
ESG 749 Agent®] 54 4" A=

A, 578 At 7F ESG & Zolrt BAF R §9](Welch's F=3.84,
p=0.0066)5t, AFFH At ALAA-AZXY BollA [t 2ol (p=0.0019)
7F ZRIEGIT o] A= dFE Wt ApEste] Ha4dSs Ao, LLM
719k ESG /4" Agent®] KG 78t 45 53} {49 A AHA A%
Hct,

ESG 57 & Agent®] &2 d& 53 dHolg

53 + FEEE + HoF 9o SHAP Aoz FTAH tpxpyd AHHo|w, o]

AR 27} LLM 719 ESG AAE Agento] 9rEd 749 @izt Ao Z
A ggdt gAY o= 53] Lowol S-01(AHEAHY) SHAP Zfo] ¢
FH)Q ZIgell= J1EAG AA aHS A MARARE ARbstH, G-03
(7 =99 SHAP o]l ()<l 7Igells W 5 &g AA A3E He
TA 2 Atshe Aol o]ggt ESG 55 & AgentolA LLM 7|8t ESG
A4 Agent=29] x4 AH AG2 F AgentVt 5HZH RES o Ay
o] ofd, shite] {714 Agentic Al mo|Zejlow AEsl= 284 wAY
Folth. o 5% elA= o] Mg JHE 9he LLM 7|9k ESG 214" Agent
9] RAG+KG ¢ g op7|dAe} 3x2 A9 HAE JAls] 7]&stch

of q

[E 4-10] Stratified 5-Fold Ze|~ =

Fold Low (n) Md @ High (n) Total
Fold 1 18 39 3 60
Fold 2 18 39 3 60
Fold 3 18 39 3 60
Fold 4 17 40 3 60
Fold 5 17 39 3 59

A 88 196 15 299

46



A 574 LLM 7]8F ESG FA4dY Agent

A 1A LLM 7|8 ESG AAY Agent A7
1. LLM 49 Agento] A9

LLM 7|8t ESG HY Agent= ESG 55 95 Agento] Tt AR

= 58, FERE, F°F dDE d=dor A3 b3t BEY ESG 14"
HiuMd= Agsts BEolth. dyt LLMeo] 459d WH4t, Q1% RHANRE
25| HrgstA] Rohe fAE Hestr] §Isf Claude LLMO] RAG A
dit KG & AdeS 2 79 Ad 9 Aot wAUSS 48tk &
g2 e g, A4S A A, BJAE AP IAE A HiAz, A
w71 HS Agente] A
mfojmaolo e AZFH
3

9o] 3x2 gL A

of

1
-

)

% dael ol dZ-AME-dZo] shte] §714

e Agent Stage3 : Plan+Act

24 X2 (719 82 =L

0% Agent &% BAG AIRIEAISS) PCERE

UZ 52 AELE KG 22 (Neod) FlEtRo BEHAE

L ) St et 2t

4T ER

-4 B

Claude LLM API M4

+

ST Znag

4B Agent A3

n B4y “ arpolg n aze oz Hy

(29 5-1] LLM 7|9k ESG 4™ Agento] F+xo 52 55




LLM 7IRF ESG 489 Agento] 34 44 €22 LLMO AR sk
AAterE de e =Y 5ot AERESE WA 95
K-ESG 7o|=ztel, HHARDE &F A4 azoA Fxzoz A9t
LLM®] 9= w2 (context window)oll FYst= Zoltt. o]& o & A+
© 7 MY 4T A B Ade FSsha A v AQde v
g2E gAo xAshd RAG AdolH, F WA AEd2 Fxobd oA F&
of ZZskE KG Adelrt. o] F A9 AAE Edge et al.2] GraphRAGS}
Liu(2025)¢] KG-RAG 7oA AAE HE gy Jz 220 45 H
&4 LEE ESG =rde] Selete] A7 Aol

2. RAG(Retrieval-Augmented Generation) {3

RAG A'd2 K-ESG 7tolEge], AFE ESG ERAR, el H4HESG
AF 71 9 =M 55t 4L HA(chunk) @9z 25t ou]H
AR Aoz s 7]e AHdd Ao ¥EE £4E A¥st LLM
ZFEIES Hgtog AlFdt. e Fd2 v @A= olRon. A, £
A a3 9 ABA dAAE K-ESG 7to] =kl v2.0(=w), &8 F, L&k
5 FRESLAD] 5o Bl W, A= AGALAE(KAB) 5 7]
=, SAMAZ|GRY AFE ESG BHA 5 & oF 30019 =AE A
s

S
th 7 BAE RSl AAMEY, £F W, By Ag §A)et
=

I

0|

4z
=
o

2 g 400~600 EZ T 9]
Hag BIgitt o] Zv)E W onyl HERE X4 weet LLM A=A

E o= A9 SN 2AdE Aolv, 24 FEE vA =AHH
3}
[e]

H
1=
a9z Bakgith AA|, duld(embedding) SACIAE ZF HHE OpenAl
text—embedding—ada—002 ZE =2 1536219 HE oz At o]
AR AL o] Ago] S5t WE Aglo] HHstol A Yok}

A
A
A% Zge JdIHES Ao Ux, HEg  JddA DA+
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FAISS(Facebook Al Similarity Search)®] IndexFlatL2 <ld]Ao] zAFShct,
FAISS®] 28] <A+= Karakurt@} Akbulute] A|AA FAHENA RAG ¢
9] 80.5%7F FAISS 5 24 HlH A4 zto|BejzlE AEet Ao
AAEY] BT, @EAA JHEA B Ot HE HMolA 9] ¢
olet,

AM Ao M = 7199 1}7}3_‘?} a1, 945 5
9l & 2T FAYE dHder WHekety, FARI -n—/\}E 7% /23}-'4
k=5709] &4 HFIE HMsto] LLM ZFIZEO] wWztof| FJbrt, k=5zt+=
AL (D) 9F Aod(kd) W= JH7F FFoha,
TAgdo] W2 kolxrt FrkekH, (3) 4 HA9 Bt 500 EFE X 5 =
2500 EZo] LIM mgnee oz 22(2d ANAG, 719 AW,
KG & Z3)3} 7 Claude Sonnet®] 200K HEHAE AL9 o off
WA TEHT= Al 7FA] aLArte] @ Aol

-loﬁ fu
S

E 5-1] RAG A4 Ho]& 4

4 3 e A35CD| w8 =7
6171 A= s, L
K-ESG 7ol =kl VESLE ~120 | AR o we
A }_.Zﬂﬁ%.}\ H|A &= ~
A5 BA I = ~80 | AgAEd 34
 H
. S H A, *PQQOJXJE7 A, = gl
ISO 14001 ISO 45001 e
ol 7|F ’ ’ ~ /E{_ ThA =
A - ~300 -

3. AA I Z(Knowledge Graph) A
KG g2 Neodj T glojefHo] Ao ESG =Wl 2EZAE 1%
5t11, Cypher #2] ¢oj& thdA 9 FEZ(multi-hop reasoning)S 435}

of LLM ZEnEo]| Fx3te WS AFdth. RAGZE HAE HAES] 9
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02 GAS AMSHE WEA (fla) FZol2bd, KGe A 7+ B4 9
5 H@Mol= XA (structured) HIoloh o] FxA Ho] 7hsdt
ESG EHle] 2dAoz FxoE TAL YEYIR FA=o] 97
olty, oAt 24 A AARt= WA= 1SO 14001 153 5749 o)
A Zgolek= At AAET, oA d7|EAFRAY, Hr|EEHolds
Hat Aot A=, o] Hat 6t Al dEHiE T JF8A 22 AA A
A2 olojzltt.

2 A9 KGe oA 714 kE f3or AdHET. AA, ESG FE *
S A 308l deete 3070 k=E=, 7 (E-01~E-10), A3
(S-01~5-10), AH7Z(G-01~G-10) Gl Zf 10704 si=det. =4,
T REE AdAHRAY A2z, BARAVEY A2B3x, AAYRRTH
A29z% 5 FAA HE XL gt AA, 5 7l =B SO 14001
(&4), 1SO 45001(¢FARA), ISO 260004184 Q) 5 =4 &

=
AAS EZFA WA, A A LEE 7 B BE 4z et 23

o

Jr Mo orlo BN

(grounded_in), ¥=3t & 7hset A5 AAE ddsk= A5 #WF BA
(mapped_to), A= 1f QS dddtke 53t 223 BA(has_risk),
M At olE o "5 dEsk= W AR A
(requires_evidence) &

KGeo] Y 7= oA oIt} odd ArIg A3 G-03
i+t &) "a7h 2do= Fofet 7ol dish, RAGRIe == G-03 ¥4
w4 5707F drekERal KG 2 AE2s vy Zo] A4 AHE Alse
th. G-03(H+F &) — AAFARAY AS5xE AFAF oF — 919 A] T
& 5008t ¢ oJst — ISO 45001 915 dil — SHEA Pedar 27
S AL o] A BERE @Y RAG AMoAE= ¥7] ofz: AHo|H,
LLMe] 4" BiAox FA14 ¥4 2= 4&s] A&t T ARE
BAIE 4= Ml ke 4 WEtolnh, Ae Ao =, o A FE
o] ZAHsA 2o ZA M (Bascline 4.13 — RAG+KG 9.57, +5.44
A& 7HHes AA m7AYSol
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fr
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7t KG 5 YHE

=)

7% s AR

H A9 KGE Neod4j Community Edition(v5.15)2 7]¥te g 3ich
Neodj= dH2 2 1A (index—free adjacency)= & thdtAl A =
g ¥AP DB thH] & vi~4 uf whEA] 85t A4 Cypher e
2 ESG &5 — Wyt — Q1T — /NATA — FHe 4 HEE AB|Ho=
B2 o+ Uk

2 A7 KG &7k Al 9] k& #HolEd oA 7o A
oz AL Lt folEL ESG FE(ESGltem) 30702 H|Z6}o]
(Regulation), o1 (Certification), 70 A (ImprovementTask),
(Evidence) 0.2 o]Foj2|H, 1A {32 ¥+ A-8(GOVERNED_BY),
S (CERTIFIED_BY), 7A4dxtA]  AA(IMPROVED_BY), ZH
(EVIDENCED_BY), A& tAHAPPLIES_TO), ZFZ(REFERS_TO)2] oj4l
A8 AHojHrt. o2t Avnk= =] Hob XdolA Edste] Wt A
A5 9, MATA =&, SH gH= ooz AR =7 552 19
+x2 &7 Aot
F25 KGO FE #RE T 412719 B4 1,24770]H, &= =
3070, H+t 6870, 15 3470, ANATAl 2157H, TH 6572 FAHHTE o=
FEG HF 7Y NATA, == B 3.03709] TA O sfigehs Uko]
o 2ERA A5 A7nF Fo, #37 ZIRF AT LLMS B8 s
SWAHS A& 95% o)), 18al 72y BA 939 39AE AA 2

A A=At

r2 ro oN mE do
Nomd oN o 1 ofh

F o

2l

b

w4 Ad 5

sl
I=

guEe 74

LLM 71§t ESG 744" Agentd] & ZFZEE =9H

,4
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N
N
I

w

qg&e 2=
N eFoz FET A, ALE A 252 LIMO 48S F47
Y BESG A& AHHE=R Aot &3 FAN E, &9 ZolE BATe=
M LLMO| et 52 Aofgteh. &4, 719 7124E £52 4FKSIC
51%), 719 R, AV 308 89 H4E "ol dAH"Y pEst
(customization)ol] B3t 7|2 WetS AlgRteh. AA, ESG 54 A5 A3
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HAE A 2 SAle FASEAD), AZEA HtdS), ABAER
A, A7 (1RD), dutell (it F7), —%ﬂ(“*“‘f FA)9 sokdas o
=t ?E@rﬂf’% T %%’49} A ESG 57 &8 71=7t @A A= A
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olEE 9t A4 5Foz FAHL
A 3 A A AA: 3x2 $ATZA}

LLM 7|9 ESG A9 Agent®] &4 a5 HFSH7] 9o, 371 ==
27 x 278 LLM R3] ePdwA(full factorial) AAE A-gstAct. 3070
719ESG TEE 58 22 o/ 2ACBX2)] BF FUsHA A-Esto] F
18079 dA" = Adstrt. o] Ad AAY FAA 7@‘%} q4e o= Al S
Holl A SR ETh

AR, dut A= FRAMEY, Rd)e} FoAE aE BF A
CE Ao 2o AL (o) W 75ke] g (Baseline
Adh o FHHaiku vs Sonnet)©]A]
A5 w2 7hetke] et o
27l AR 9K ARzow Fasi) wer 4wtgol Reldid A
€ HjxE= RAG-KG A 279 Haiku Rdo] AAstrt, ofY™ Baseline
<29 Somt ) AWk ng e e, et
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TAE AFSH

=4, 4 3071 714
(repeated measures) A7
TR, ol 710t oldAd)7E =4
Y ZIdel disf 671 2319 AdGo] BF AR, Weoly nElS B
T mjo] 24 Hst= 279 avtz ygs]

671 2B x2)o w2} A-gdh= HHE=4

719 2 MEARCIEY dF

&
)
e
o
rr
oe]
]
2
2
g
z
y
&

o}, ol At n=302=2, dYUufx] ANOVAS] BE AAH 37(2=0.05, &
I 37] £=0.25 & &3, AAL 0.80 7|F A n>25<8 ZFES| wEIh
AA A8 At Wgt 7F Cohen's d=1.35(Baseline vs RAG-KG Z3hHe] d&

=k 7F Co
I7F SRRIEo], A BE 7oA TET A Folido]l SEE I

=]

[E 5-3] 3x2 Huwa A A

w2 x4 XI5 gk B2 Haiku Sonnet
Baseline 1) A2" + (2) 719A-E + (3) Agent 1 9= 307 3074
RAG Baseline + (4) FAISS AF9I570 &4 304 304
RAG-KG A% RAG + (5) Neodj 94 =2 A= 304 304
A7 - 904 904

#1807 = 30719 x 323 x 229l EIEC 571 2 x 1807 = 9007H¢] 43k 4t&

2. 3071 719 S FE2 #39A

180719 A-E" Aol &85 3071 7192 2997HAF A HAehof A
ESG 5Hd& 5ot &5t & Hl&2 Low 9704H30%), Mid 207)A
(67%), High 17AAG%) 2, BHE 553 EXZ(Low 29.4%, Mid 65.6%,
High 5.0%)¢t 79| dXJgte}, o] F3} 59| g2 Al 7HAolth. AA,
ZF SawolA A 17 olde] 71de]l A EojoF LLM 7|9 ESG Y
Agent7} TEEE ApEHsStE ALY

N 71d x 6&27 = 18079 F AAAAHFS APl && v|80 Y At & 4

-

MW
> ol
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T AU A sl BAM ol ABT 5 gt Ha Eolch A,
3070 A19e ARG 1AL 249 AL ICT 3L Arls DRA, S
WAL JE 1IAR 9 s staslel, 9Ed A4Y B Aol
B4(7g 33)0] Thssitt.

3. LLM 24 Ao A

270 LM 29 =2 Anthropic®] Claude Haiku 4.5(3% A%)¢t Claude
Sonnet 4.6(5749 AT)IE AR ZA= Al 7HAolth. AA, F HE2
Iz Hto|H (Anthropic)®] & ot7|ElA] Ad=, whetny R} 5

A FQ zpolE JHAE ZEULE A WU Z8 oA T J|E =3z}

=
APHT o= BYl 2O BIE &5t £8 545k d festh
Y, Haikuw= API H]-8©°] Sonnet®] °F 1/10 &&Fo=2, taF vjEZ Ay e
AR ESG A A B)9 @A4A HE Aok tfE ¥WHH Sonnet X
nd AEE AlvE el 44—1— %;é] _:rLE Wﬁﬁh—/}. o] l:r 511?_}94 H| 3l

Iz

o I‘HUF

r
1> 18

Q]
=
K
S
=
L=
=

z4

—~

AAE 18074 A" dis] 3% EIEC 5ALA(FAA, Ad7sAl, A
FAFA, X3}, FA7MEA) 7S 01239 37 HE =2 foieleh HH2
1212 Al 7|9t 25 AH(GPT-4 7|4t EIEC A Z2nE)S #8511, 2212
ESG H&7F 15%10] HHZAor AHsh= ol WAE A=siet. Al #F
T A2 180 Al disl, A=t Bl 1 FE ZARAGHKG =
9] Sonnet RE)O] 57 AUEC] wiol aste], T AH LA ATt
Aol 5 AR o] ol WIF AA= Al ©= HI7He HAE QIXF H&E7t
WY AFor Hebehs AA=, 64 249 HITL A% Z2%= ootk
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5. A7 ZeEE 1@ (esg—platform—v8)

AN BRELS FAV|YG0] ESG AHTE $dske A oiH
H ABIA(GitHub: (X/esg—platform—v8, BJi: esg—platform—v8.vercel.app)
olt}, 3083 AT #EHE GBM 7)¥t 52 9=, RAG+KG AAE
A, BIA-5Y L2E7AE 9 Hoz Y(SPA)LR AlFsiH,
27He Supabasec] Ao} Belz dAREARIL BT SEI A2
2 doAe 4 ZE X9 Y SFS 8ot

7}, ob-gA 4

@ HTML 24 HellA st 2gt Aoz gashe ©d o]
(SPA)oIH, AT dA= @ 7|YHE A (step-info) — @ 308 A7
(step—diag) — @ 55 EH(step—analyzing) — @ A¥}, HiA, FH ot
2o 4dA 2 FAHAL AFFQAFSEHS = validateBiz-formatBiz2 32!
AZEshY, g B3-S ESG Al 99 ®(setTabrsetArea) 02 E7]H
renderQuestions=2 HNHPE L, -SHS setAnswerd] 4% o] updateProgress

2 A Eo] BAE H finishDiagnosis2 oHHE Y,

ol

2 dlo Mo L 2

.

ol

3 % 2 A49 94 58

=4 @A (runAnalysis)= setAnalyzingStage2 X1 AejE 7JAIsHHA
predict2 GBM 7§t ESG G3& At&Eoh:y, rankWeakltemsBySHAPZ
SHAP 71A% A9 #HF &5 HES 5 injectShaplnfoBoxZ 7 A&
By Ao Attt o]o]  generateConsultingReport7t A8 = 7AAH
API(fetch(/api/consulting))E &&5to] RAG+KG mto]Lelelo] At gh=
o 74dY Y8 ol renderConsultingReportHtml =2 3 H &3y,
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[# 5-4] A7Hde EHE(esg-platform-v8) HA ot AT

715 99 RS ==
selectUserType, startDiagnosis,

e zao goToStep, setTab/setArea, AHEZ /9 AEREH 30EY S
renderQuestions, setAnswer, AP JY7HA] A A Ao
updateProgress, finishDiagnosis
predict, runAnalysis,

=2 gz setAnalyzingStage, GBM 55 <& ¥ SHAP 7|9t
rankWeakItemsBySHAP, oF gE-2A 4HE
injectShaplnfoBox
: A E) 5= 1l

Ad9 WA generateConsultingReport, RAG+KG 714" APl 5& 4 H
renderConsultingReportHtml A ey
renderSelfAssessmentReportHtml,
generateEvidenceDocs,
renderEvidenceHtml, oIk A AT

H1A-ZH buildEvidenceDocx, .

PDF-DOCX ¥ghdd thegE

generateAllPdfs, htmlToPdf,

htmlToDocx, markdownToDocx,

downloadAllEvidenceAsZip
B createCl?ent(Supabase), saveToDb, | {1 BIHE diagnosis_results E]o]

uploadFileToStorage E2EgA o A%

lidateBiz, f tBiz,

validateBiz, formatBiz 99 AZ. ShEcheHTML Wt

25 549 escapeHtml, mdToHtml,
. g9, B 5 Bz s
parselnline, toast, showModal
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e dlolg- 9% A%

Tu 952 Sl ES GBM F&1 SHAP A%< AdstH, H4H
AL Mu] = /api/consulting IEZRJNE(RAGHKG)Z ddt. Ad 2
A J=2 Supabase(diagnosis_results Hjo]E W AEZ )| Ao e
2 AR ESL M7t HF 5o AZEh

6. A & 7 (esg—admin—delta)

ESG  Agent  Orchestration 2]zt  tA]RE  v9.3.0(GitHub:
EunmiRoh/esg—agent—admin). Agentic Al 5%4 mjo]Z2iql HUEHT,
Stage 4 HITL A4 F-AHS 232 ¥F, Ad 23 DB-EH 24 7|5
At BeAr Ffoltt. A A2 F== 9] 3 Aa] A dom,

& Aolde A #AY A ZE =20 AP 35S fofT

=121 Al°|E(doLogin, doLogout)E FxstH 870 mid SH(HHAEE,
molze}el, dlolH, HITL, A%, ¥4, ots, =)oz 748 #ex 2&
o] HAHL Z+ #de& renderDashboard, renderData, renderHitl,
renderVerify, renderQuality, renderLearn, renderLogs7} B@5HH, loadAllo]

SupabasellA Hlo|HE €& AHASH H ZF mjd-S 7PAIi

. HITL A4-d5 93 345 S

l(f

HITL mHd(renderHit)2 Stage 4 A4 W7] =S F=2 EARLE A&
7} HS-L issuelnvitation©] generateToken® 2 EF-& Wgolal getBaseUrl,
saveBaseUrl2 439t 7|2 URLY} A AS F2E AJASHH, copyLink
= BAREESH. A7 AlERt 892 A5 #l'E(renderVerify) ¥t 89

T (openRespModal, closeRespModal)ollAl 213kt
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o 9 g
(& 5-5] At Z&(esg—admin—delta) A4 St A
7I's 39 s o
AF doLogin, doLogout )zt 27101 AolE Ao
“A At SuF 2 W Zopdl
YA EE= renderDashboard, loadAll : _ OZH# e _o e
STHEHEE, 48 FA BA
mto] Zetel renderDashboard(zto]Z=atel mid) | Agentic Al 5THA Ay e RUYEH
renderHitl, issuelnvitation,
HITL- A= generateToken, copyLink, Stage 4 A4 7, AR/ 25 32
e getBaseUrl, saveBaseUrl, (EE) 9HF-2o 3ol
renderVerify, openRespModal
renderData, loadSampleReports, B
B diagnosis_results £ F&2 22|} A=C-
dlolg e selectSample, uploadReport,
AFA-CSV R 7]
deleteReport, exportCSV
] renderQuality, renderLearn, 24 A8, HESEE, &5 21
e renderLogs A

2}, glo]e-o]

A%

Supabase®] diagnosis_results(A®t A3}), survey_invitations(AF =M,

E3), survey_responses(H27F -§H) Al HolE= ARSI, A7HId, A4
g EFEo] AA Ad AyE ot A, AT, £ 240z dATH.
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R E!

D'E,’l‘.
Ik

Al 4 A EIEC 539 =Ag7t &

Bt gl

B ode AUl A4 ESG A4Y mIANY 2hg
SR L REER

EIEC(ESG Improvement Execution Contribution) 5xH 53]
AQtettt, 71& A+telA SAH AL FAY, A¥7HeAd, AR, &3
24750 Ax A 27 DRAASO 26000, K-ESG 7tol=atel,
Cai et al. 2025, RAGAS2® | ESGenius), 2} It o] Ay =Fo] &
zoigch. EIECE o244 A49e 49 TAAEoR Bastn WAy =4
2 dl(Reflective measurement model) ¥t 2F14 g JQEA(CFA)Q] o224 A

£ 59 2 2% Bde AAske

mga 3% A% 7%

—_

ol

EIEC ZHd9a+= A9 +40E, 53 334, stfl 529 35 A
1z =2 A A St

EIEC (ESG Improvement Execution Contribution)

49l Y — Al AEEO ESG MM 1l 7|0 =

Why (2#)
of o] 7H40] FR3}

VS EE A (1~5H 2IHE) v

2 Hrksy Aty F57Hs
Specificity Feasibility Industry Fit Traceability

570 Ak X 1~5% 2|7 E - EIEC £ 5~257% (Y& 1~5%)

EIEC =328 (What / How / Why) X 57§ £3 Xtgle| 35 9|4 &

[1¥ 5-2] EIEC 3= A= &

28) Es, S., James, J., Espinosa—Anke, L., & Schockaert, S. (2024). RAGAS: Automated evaluation
of retrieval augmented generation. In Proceedings of EACL 2024 (pp. 150-158). Association for

Computational Linguistics.
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Ao & medAae] g 47 EIECR, AZF A4t ESG A
A HIA7E AA FA7IH9e] ESG Ao 7]odstk= Ak (contribution to
ESG improvement execution)E& St} 52 What(FS AT A
17h, How(o]E A A3¥et Z17P, Why(ef o] 7§4eo] Fa’trhel 333 o]
ol AF ESG 14”99 =214 S5 A A, A3 ®et, EA AAD
Hrgettt, stelE2 2t TRloll &5t 571 54 Adoe= AAHTh What
el A (specificity) ¥ A 887HsAd (feasibility) o], How #Hol+ 4

At (industry it  F23}(structure)”t, Why I+ FH7HsA

=

(traceability)©] Bl 2] Fc}.

¢

’

oo H

ESG &2 3

Sinek (2009) Kirkpatrick (1959, 1994) K-ESG 710|=2}9! v1.0 (2021)
Golden Circle 4-Level Hierarchy Plan-Do-Evaluate

Why — How — What Reaction—Learning—Behavior—Results A2l — o — Yt

35 sHe Az
S~ Ml

EIEC (ESG Improvement Execution Contribution)

a9l FHE — Al ZIHEO| ESG /M ¥ 7|0 =

Why (2#)

EERE L

What (LI )
7 e - 2ER| XEA|
© K-ESG: Plan © K-ESG: Evaluate

ARAX M (Industry Fit) - £XH7H54(Traceability)

FH|M(Specificity) - #Z3}(Structure)

A

o] 3% Fx9| ol83 <= AF ESG AAYEe HETF =7 55
o ESG HAH"HEZE dAz HIAME 4T me ol 999 +
G215 WA FASFSEAL(What), 11 /e AA 229 2, g, Al~"
AN ofBA A ZAJA] FHe AASHH (How), 9l o] ZHado] HagtA]
. 9%, BEAREC] 275t =Fde(Why). mebd What, How,
Why+= dol9] #7F7}F otyet ESG HAY HiAo YAy x5 Adst=
M2 FAolnt. o] 3¢ v 54 7heet SAder 2ASIHY, 7 2}

] T S D o)
0

rE
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e 1579 FAT 54 @PE Amz el FH WSl 5~25W(EE
B 1~5%)°] EIEC A48 Ee,

EIECO] A9l #471d — 38 — 5344 35 AS +xe 2 479

Aol AAZL ofek AL, BAIE, BSG AR Al o] Az A

ESG A4dY 437t Tl st Aol

AR, 575 What, How, Why 3382 Sinek(2009)9] Golden Circle

ZH A7 I FHolA AR L 35 FEE ATT Aolth
}

—_—

HuAe] WA =@ 8371 o8A ddskerh #oe AAdsterhz
%3 o

A& (ransposition)Stgowl, ol ESG 7AMdo] BAMOR F47]Yel
ESG 494 $4& Agste #Folets HolA 2

= Y

How, Why =02 Aujdstilon, o] A= $&dt= K-ESG 7to| =24l
9] Plan, Do, Evaluate WU Z = Aot

=4, A9 AN, S5 sk Ade ASs 9y AHAHe
Kirkpatrick(1959, 1994)c] && 37} JoA AQtet 40tA] $1A4 =4
(Reaction, Learning, Behavior, Results)®] 3t&2 Aot} Kirkpatrick 2]
A TP Grb medart 9 ATt ofd AA AT FxR= 27
Eojof gttt HZolglon, 2 A= o] ¥AE FHA 5xd Hrt ol
3% A FxR=E QAR EN A 2+ BARE A9 FANEY A 9
g o] o=z AHoFslotqirt.

AR, What, How, Why 3¥d9] 44 W82 Plan(A9), Do(°]3),
Evaluate(®7h) wAYE(]AS, 2022)299] 7} ¥ Aotk K-ESG9]
Plan, Do, EvaluateZ7} A|Zk= A Ato]Zo|zbH EIECC] What, How, Why

L 547 Wl Bl 7RA Aorh glot, e WS (Plan,

29) 0]949(2022). IF=FE ESG 7lol=gtelo] A BA3 A4 FolE. TAuditor Journaly , 2663,
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1
=
aal

Do, How), &l 1 277} Etd$t7HEvaluate, Why)
Jol Al K-ESG A7 =2]9] A3 Asoltt. o] Al Al
EERRER LE
174 gRlEdoz

3% 727t ol2H

What), o]GA A3gshH(
o] 384E FRH= A
H7}F watsh= Ao A EIECE]
o, S4H4] g4 F&Ehe T 54 2d
rA =
2. 2k Aol B EA T+
A4 (Specificity)2 WAIAIZ} 2] Z8, A8 7|3, @ FAS FA
St AEE SATH(E 5-6D. A 532 2026d 129747 e ed
o] H7lE MEEES 40%°04 60%= Tt Zo] Al 8471 BT Hest
H 54 7Hesr KPIZHA] AX == Beold, 24, 482 o 55 1 St
Aol E-gEr
A7 (Feasibility)2 S471949] 99, o4t 71 2 ®9jelA 1t
AE FHHoE T o U=AE ST 572 71& 22 @ o4t |
elA dAHe 2 A3 7Hst dAdA diloln, K-ESG F471% 7tol=gt
o] Al AE9], olPa&4 ¥ (Plan, Do, Evaluate)S 4t&= B71 &
Holl A x212ket Aol
A A (Industry Fin-& ZAA7A7E AF EAAHAIEAY] di7]ed &
g, ICTo 7HRIEHES, Ade] A% ¢+ F)& wtdst=AE S
52 dFE A olf(d: Az drISBEAY Allex MADE A
drdstyl 4% g PvF d3E F92, SASB Materiality Map2] 4%
T84 92} K-ESG 454 A87lo|=& Aottt
23K Structure)v= HIA O] =22 4, I9E A, A=A AA
£ SATH. 572 BEet A} dAE 2ufo] dE 9o EFUF
Agte A AAA o2, RAGAS? Coherence®t ESGenius(2024)2] +
Z3} B7t A RS SASHAH
Fs/d(Traceability)2 & ®H4f, I1SO 1%, K-ESG 7tol=giel&
£ 54Tt 532 AR ANY A20x ARYA"H =
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Rkl w7kA] Ags] Qlgste] A3z fFol sHset AR, RAGAS
9] Faithfulness®} ESGenius®] &7 7% 7S ZAesAot
5-6] EIEC 52+ Aol 9 =4 7|&(6H gAE)
e 13 3 54
(¢ =)&) (R (- ==
A
2715l 1~27) 4t o
A At F44 AA = g7 l-i'F—Er m;;;
E% o] =% 1._%]. 5 - ?—1
What " TE =74 7V5a KPI A4
AR 7L eF 52 (KPD, HEe 75 A gie 1A o A
Aste Ae
K-ESG 7}el=gtel A=A x 42l SO 26000 §7.5.3 SMART ¥9%]
ZA7]191 1 2
dRaed gdat | aw gy s, | S R A
ALT 5 ZA 38 | Q9E 371 AR T
olgle AL 9F AY " it
What )
F2719 ALET-AE-A7D) W9 dellA AR A 7Hse Aw
K-ESG 7fol=atel Aa) ©M=9] o|dagA, Cai et al(2025) A
A E3} ESG action £4]
AxE Al ol A=
4F 78 gue | 9% dge gou | SEE A TR
RS Zo] BE-qm yheg | 1L T O HO
ol WE AT AN
9F EAo| Bty 4 4] ESG ol4E wradsks Ax
SASB Materiality Map, K-ESG {&¥ #Hg7lo|=
Be e [ wed ene geu| THT TUENH
2 H=9] B AH AP BE Sure @ e
How ©4129], =2 H A7 A7), JAE Bi)zh QuEA AA
L Ae
RAGAS Coherence, ESGenius(2024) R 1A FZ3s} Hr}
- B %3} liﬂ_j, ?_Etﬂﬁ Z
WiEAE A8 Asl | uEge ages | TU 0T RFE7
gAY 07 g5 | 23 Wo BAE =
Why = o (e}

A W, 1SO 1%, K-ESG 7to|Eakele Aets] Qlgsts Ax

RAGAS Faithfulness, ESGenius(2024) =4 7|45t H7}
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3. R =4 By A4St

EIECE &9 7470d EIECTE 570 Aol 3522 43S HXe WA
2 (Reflective) 574 Rd-Z A=gict, B S Bdox #E §p(]7] A
+ 57 A= A FHENEY] wEgoln, FAAMNE L] = WHate] ot o
7 MEgth ol @A (Formative) &4 RATZ W7t TANES +
At WA LRELE nygo g Jarvis et al.300] AARE @ J|E2(OT
= Bprb FA7NE e d191A] AR, @BE ¥ 7P we sHsAdo] 8l
=21, @S Wy 2 FRAo] ZIHEE=A] Sl wEw EIECO] 52 A
FAN TIALY z|3pof| sttt

o] BElS AET ol2H ZAE= Al 7otk AA, 49 AAAMNE Al
AA" 9 ESG 7N A 7|oert 2 HuAe 570 A BFoA A
= SA4H= Aol NdAo= g, F40] =& ESG A4" HiA
H FAALE =3 AP A For Wt JI8E AL Aol o|&F

2
W 7 REA FE(partial
overlap)e] EAger. oA FAo A FF FERPF
HIAo]7|& sttt o= HhARA mElo] Aol ok A, EAA mE
stold= 2 AHes FY A= Aot de git B Batsto] A9 F
A7Md e daz gHitehe Zo] sAACR FetEh

Z49] 48|k += Cronbach's a = HFU a > 0.700|H 57 2po]
4 FHANEEIECS dBHA SAste 2oz szttt +yEd:
(convergent validity)@} THHEFS T (discriminant validity)= 29124 Q1824
(Confirmatory Factor Analysis, CFA)©2 &H3Ith SHeEfG = 7 22
o] 99l AAA|(factor loading)7} 0.50 oJiolxl HHFEAIFZ(Average
Variance Extracted, AVE)o] 0.50 o] wf S5, HHeld == AVES]
AlEol 2 7F oA R Aok Tt (Fornell & Larcker, 1981 7]
=), 2 dFolA= 180719 EIEC A HlolHE ARESte] o] Ry AdE

Hror
Mo
HT

v}

2
1o
2
1
o
o

i

30) Jarvis, C. B., MacKenzie, S. B., & Podsakoff, P. M. (2003). A critical review of construct
indicators and measurement model misspecification in marketing and consumer research. Journal
of Consumer Research, 30(2), 199-218.
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=
HZ

o2

o

39,

P
T

7+ g 1~579] FY 53 YAE HE=2 SAotnl whe boto]
5~25% HA@EE Fo 1~53 WD EIEC M4 4tEohs HAl2 whAt
A 24 Bdox mEAHo=z AEYEs AHqstolnt. 578 A ZHzb 1~57,
ZF SN AEx58=25d T Fxe (1) FY 7 5 7FeAE HASt,
(2) B71e] 4 SEE 9o 14, 33, 53l dAE 7|&& FAsH 2

N
ofN
=
i)
o
o
Hll
iie]
ol
%, ol
4
X0
N
ol
oL
K
B
=
Kl
h
oL A

26000, K-ESG 7}ol=2}Ql, Cai et al. 2025, RAGAS, ESGenius, SASB
Materiality Map)g 7Fd 570 Ag& &4 =#@Eo] 54 u=2 JYslote

ol 7Nte AT

A
2 A3E 9173 QlEA(Confirmatory Factor Analysis, CFA)¥ %= 7}#]
Bdr A5 &, SHEFG Z(convergent validity) @t HHEG T (discriminant
validity) & SARY 3719 A4 da=z 4%k o] AA= Fornell3D &
Larcker, Hair et al.320] AAIgE SARY Hrlo] H&E Ay, =7 $£F°

Z4 B HFOA gutdo=r g EE RSl

31) Fornell, C., & Larcker, D. F. (1981). Evaluating structural equation models with unobservable
variables and measurement error. Journal of Marketing Research, 18(1), 39-50.

32) Hair, J. F., Black, W. C, Babin, B. J., & Anderson, R. E. (2019). Multivariate Data Analysis
(8th ed.). Cengage Learning.
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354 il
Sttt CFAOlAE= QQ155}aF(factor loading, A), &% 2 AH(error variance,
6), 147Nd A4t | skgol 44 7I=(E
& 0.70) o/Fol™ df Hol A AN FE5] Hrgsetar kil of
At B A+ 18071 AdE AR(3071d, 3 W= 24, 2 nd) F
RAGH+KG x719] Sonnet 2@ 307 TZAE 7|o=2 ¢ oH] CFAA,
oAl 2k o] gl Fste [19 5-4] 9 [ 5-7]of AAIRt He} Zo] H&F

7123k 0,708 A3Istol 2t Ahglo] A TGS FE] MIFS SHIsil.

o
o,
oli
o
=
iR
)
o
1o
ko
ro,
Jc

EIEC 52t &l 29134 2015735t (n=30, 0f|H])
0.90

0.85 1

0.82

0.65+

CFA R AA A+ v Ak A4+E 8ot Frijith, £
AFolME Hair et al.o] #ie] w2t (1) oA g#42 RMSEARoot
Mean Square Error of Approximation)2t SRMR(Standardized Root Mean
Square Residual), (2) FEAHIA+ZE  CFl(Comparative Fit Index)t

TLI(Tucker—Lewis Index), (3) 7ZFolAlg AFTE AA(x® /dH)ES &3k
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FE 37| n=309] AE 1t oH] A4 RMSEA=0.058(< 0.08 #1L
), SRMR=0.044(< 0.08), CFI=0.962(> 0.90), TLI=0.943 0.90), «x
P /df=1.87(C 3.002 EE AL 24Tt HF "Ll Eoigith ol A9
70 EIEC7F 570 2HdE 3802 fdiths vy =24 ndo] o)&

% 715o] A% dolEold §AHHE AL olujditt ot B A7 mE
17
EFA

7

]

A717F CFAS BAA HA HEEM>100 B 2AFR49 5~108))of =]x]=
—E"—'a}Ei + CFA 733’}—1: & EH‘F!'E T AGolA AHFEHloF &

—/FEQE}%}E—E Y ?"37]1‘*4% é—@?ﬂl& AREC] N2 T2 TS A
A5 Hrlete MEom, & dAFolAe BdEAtFE(Average Variance
Extracted, AVE)& F Z|®2 AM3tth AVE:= 74 A @l RSk AlEe
Hdoz AEEM Fornell & Larcker7t AAISE +HEFF =] AAZ- 0.50
ojtt. & A EIEC A RFA AVE: (0.82 +0.78" +0.74" + 0.71°
+0.79” )/5=0.5942, AAZ 0.50= H&s| A3t o]+ EIEC & +
A7idol oAl Al TSR 4t F Bk 59.4%5 AWethe ofnlolH,
7} 2plo] Hed] =Y 4
MEQ Al AMYe] ESG HA A 7]o=g ELEW Sk des
ARttt B4l 2 T (Composite Reliability, CR)E 0.882 AFEE|o] #5247
Zol 0.70& IA =359 e, o] Cronbach's ¢ 2 &A% Y
AZ (@ =0.83)2t e A== ATttt

F

WHEEL A2 02 TS SHsHe AESe] HHe Pux:
g WS Aol ¥ AT EECE 9 49 T4Mdo= dxs

B& EIEC W& o4l 2 48] ES A4 H3=E spAl= dou, 24 4
o] thE A} &9 FUsHA] %2 If WHFE EFote=Ae oHds] g
olz]ojof 3Jtch. o2 95 Heterotrait Monotrait ratio of correlations
(HTMT, Henseler et al., 2015)33 2®E &85 4 QUth

B A7 Aol AU 2 HIMTE PAN-487bs4 081, A97HsA

33) Henseler, J., Ringle, C. M., & Sarstedt, M. (2015). A new criterion for assessing discriminant
validity in variance- based structural equation modeling. Journal of the Academy of Marketing
Science, 43(1), 115-135.
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~AGATA 063, AYATH-FAFEA 071, FEI-FAA 0722,
B4 QALY 0858 W stalstel 2 Aele] A9 FAYe] HgHd
A 245 24 ARES 93 9SS selstart. wop £ xle] HTMT7
0.90 o]0z Uehithd 1 & Ao AdHon FUAG WS A
A0 Hol & AUOE SIS PEoF Ik £ A7 574Y FEE of
e 55 2o Agata grorl, 2 el 5y ojnst 2ystHoRn
A7 ek
o] A% WAL EIECH o2 719 FANGelN 287 4o, 24 &
T, 5AH ey FHoR oloxk 9AE 24 LS 2R U8
HolZc}h, EIECE B8 A% £Ho] ohyet (1) w4 24 =d, ()
et

ge] vas AR Adolrt. AN mde P2 a2
(form)ste] Al b Aol w2 Hart fle Wl 25 we-2%9 =
o ARl AIA #19D), EIECE Al A4dY F4olzte xg2 4o ol
Ao B (reflect) Aoz JHElSHE Zlo] AL, o224 Y
stot AF7 29 TE(129 CFA APE 94971 BF whad 292 2|7
shog ol A% 24 2dz A
(& 5-7] EIEC ZA=2Y &34 A3 2%
jim 3 A= & 71=/B7
oo 1y | T, ARPs A, A | 082 078, 074 | meyo010 22
ST g, pion £aPbsA] 0.71, 079 070 S5
e HTE RMSEA, SRMR, CFI, 0.058, 0.044, 0.962, | €0.08, <0.08, »0.90,
°c = TLI, x* /df 0.943, 1.87 20.90, 3.0 5%
FHEetdE | AVE, CR, Cronbach « 0.594, 0.88, 0.83 | >0.50->0.70->0.70 &=
FAR- WA, A}
WASGE | SA-IDATY, AT | 081 063, 071 | pegs ax
HTMT) | 4-327154, Fx8-% 0.72 T8 ==
A7bs4

ZF: n=302 RAG+KG %7 Sonnet 99| AFAd T=Z|olu], HTMT
Aat A AgE BB Adto|c,
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A 53d AAHAY Agent AA T

£ BolAE LM 12 ESG 249 Agocd ] S GASIsC
RAGHKG 9 A9 ob194(14), 458 3508, 3x2 #ADA 49
MAGA), 28T WEBe) FUL WSIE EEC SHY 5 melg9a¢
A7t A, o o aiE A BIYE APA BIAL Poig L2
sfel, o @A AFSkT, Fo0E BrsHETtel thesie], HAAEHZ I}

7h & glo] d2se shue] e AAE 9%

LLM 719k ESG 7A4Y Agent®] 314 2EH2 o RAGE Hol KG
o A FEe AL 7 AE W Astelrh. RAG Ado] o W<l
T REAE ZAE ofn] 7o HARI, KG A2 AoF F=o)A H
i 95, M, SO oloXe Fx2A A ARE FEUT o F
g el A2 Wt 279 ALt A8 EFHAFS)T dF Sob A Al
WAL= FEH R HAstH, ol @ W fHdf o<t 7|E A
T7F gE] ofHARE S0l

AEE 3FRREY e, WwEg A", 38 A4 7D AEH
ESG 4" F8 HF=& & ARt Aols, S471d @At Ad
= M — S A e gl AR 3T 5 U I 59 T
U AR TrelEE Ad AR e MEEA] i A ESG B7t sl
gash A=/ Alsdts dolA, 1Al AARE ESG B3lA] =79
ARl A Feect

e Hwe Bre] g Aol FECE 49 FAMEESG Ad A
Jlof), %7+ 3BA(What, How, Why), 519 SHAFA4, As7ks4,
1

oo o o o
e

AgA, P2}, F4bs 4)4 3% AZoz 7xstHn, 4 4UL 1~5
JAER Z3ste] B 1~579 BY AHE A5 o] mAYYAL
z 2% AZZeld & BA AXES A9 FANEOR BP9
A 24w 914 aQEsoR 24 Baae AAskichs oA,
WA AE Yol oEstd A9 Woh gAY P
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0] AdE AgentJ
o] shipe] mojzmejQloz ﬁ@ 2=

é‘ Tﬁﬂoﬂ 01?—_2 Agentic Al mto]zmepele] HH A= E‘rﬂli “ﬁ]ﬂ‘”ﬂr
ool AAZ ARz oW FW MM anE BHFAL @Eﬂ 4%

) 54 dd AHTR)AM %

714t ESG A4EY Agent’t A7HIT %"7‘\4%3"} e 2ES E—@@ =kl

Ae|Az2 F1d-Eotre e 72 54
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A6 HEZL AF Agent

A12A AE7E HF Agent AA

Stage 4¢] HITL(Human in the Loop) d&7F AS A= EIEC 52
4 =9 AF kel g s A5 9t A Hajelw, B AoA=
ESG 14" 7= 39 o9 AE7tE thde=z HEol 2eiql A A|AH
= T52Yste] F71 HlolHE skt AE E4= v40 58 YHAE
A ooz AL on Tl o AMHdog TAHLH o] AAC HA
Az Hp A4rt obd A¥ HA4(selective review)olth, AHg AT ol A
=4 71=(EIEC B+ 43 oS 5ok A" A7 A glo] vi=
HjEsty, 7|1E g At AR7PF A dadth o] A 922 Parseur

= o7t AE A49S JALe BoHIA

N,
o
o
rol
s
,_]
Ca
Ho
of
1o
!
T
_|>:‘
)
B

Stage 4 : HITL ZEEE}Y

£

EIEC SAH Al A+ #E

AT Agent 8
HE HIM3Z

(18071 ¥4lg)

HE27H 159 HITL HAE

=43

sifel & 4

[j_‘_ﬂ 6— 1] X'] 7]— 7.]2 Agent_,] %19}- 7_(1— j_%

AEAVA09] oAl Ade ot Zrt Part 1(87HF AE, 302)2 71
Ho}:lﬂi O]H]—_Q]. 7]_2/14% 1 s].] Hﬁ o]:lLiyq] tﬂ g /Ho]-(o]],]/nﬂ 7].&)



T Hol ESG ¥l AP, ESG HAY £ A4, 9 AAY fiate 582
= 5A Ao or st Part 2-AG7N #E 249 B7L oF 5)e
A9 A 54 Ttolw, EIEC 5xH(FAA, A7, AAdAe4
%3}, F27Fs7d)ell tish 1~5Zq SAER AR 7 Ak Aot
TAZE A AAEH, 13-, 34, 5Hol s W& 7Hse 9AE 7
Al=o] 7Rt e %‘5’&@0 BTt Part 2-B(AI A5AH Aod
oF 1B)E Al A5A Aol A4 WEI BHOIH 24 AZl]
3EFeR, Bl &2zt ¥ HlT B2 HITL 7Hejo]l 7FF =ash x4, B3 Al
HA 7P dAshe AHde Bt Part 2-C(E o, oF 18)+= o7
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4wt sl 24 94 A
D 2E £4 Z4 v
et 735l A B0 RAGE KG 74 wigt 4357 LLM 14Y =2
2 FostA JfAdst=rtE HEETE ol fdl 3x2 edwar dA= A
= 18079 AHEY AtE=E Zrzbel sl EIEC 570 54 2L GAA, 287t
4, ARG, 723, 2A7Ks4)E 0249 33 HE2 Aol 5
A9 A HA0~103)8 EF FHoR AFosttt. 27 (Baseline, RAG
RAG+KG) Rd(Haiku, Sonnet) w2} AW w4 =2 =Ho [ 7-1]3}
2t
[ 7-1] 27 x 224 LLM A4Y £4 4 (108 73)
L Haiku B+ Sonnet - 27 B4t 4 vs Baseline
Baseline 7.18 7.69 7.43 —
RAG 7.88 8.25 8.06 +0.63
RAG-KG A 8.14 8.52 8.33 +0.90
nd gt 7.73 8.15 7.94 -
Aits F 9 R oigs HojEnh AA, W et avrt §et
st 2 2dlel Sonnet 7|5 C =2 Baseline =79 B+ =& ZH 7.699]
A RAG 27 8.25(+0.56), RAG+KG 27 8.52(+0.83)2 ©AH Aol 1
Rt ot e WE AARAGE FbE AUE B gl wAE
S ottt tigt RAGOIA RAG+HKGR O 4 F7F A5(+0.274)2 T4
Ao §o/517 YoM (Tukey p=044), KGOl 7lolt Sdmct 247hs
A ZFAo A FEZHATHRAG — RAGHKG +1.474). €4, =d H29 §
THETH Sonnet H(8.15)¢] Haiku B (7.73)Ett 0.424 =ofF, &
89
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U W 2ANNE 1% mdo] o Py A AYYS AT
LA B3 4 9t b FEY At A1 45 27 RAGHKG
z709] Sonner Wlo] B4 24 8.52/108% YAt ok, o] A%
L A% ESG AMY AR/LY x¢h SFEe] 2Fshe BUE, Al 9Eom
ARIE 2 B AT 5 g Wet P9 27o] RAGHKGS 24%

o :

SH R W2 e 7gele] Hoid i FHol md R wet 7
t2roh= HFolt}t. HaikuolAl+= Baseline 7.18 — RAG+KG 8.142 +0.96%
H 3, Sonnet| A= 7.69 — 8522 +0.83F P AW A=
<= Haikuﬂ o B 3A WA=, o= AJAR o] Wot JfAd of 2|7t A
ez Y amye] Ptk A Jide= gdstE Haiku 13.4%,
Sonnet 10.8%=, W= 738to] A= (marginal return) 2@ FReb 3
Alglol frasts, o & Hdox= o] AFd Sh5ox AR SHESE 243}
oF wiet FQlow F7F FHIF 24 Alo]o] FHo| AiFor F7] wiw

P

of 27 N4 Zo] tha sk Ao AAT 4 k.
2. BA4 g4 A4

wet z7o] e B4 Aolo] BAH o4 AR A AL

AHEA (One-—way ANOVA)S 385kt 240X+
O oz

o AN
)
ol 1
i)
rO
w
o)
o
=)
a

ez 370 W2t 27 (Baseline, RAG, RAG+KG)S =
2HEAY n=300S FEHUSE Aot B4 A1 F=7.43, p01E 3
t %é] THE Hol= FAALE [t ol & A9
4 7hd RAGeF KG 7F ®2t syt LLM 149 £ /IHE 5
AHdog A= EIL}O]E]-_ a7 37| n* =0.1462 Coheno] 7]&o|A
avt(large effect)oll siFshe, Wet o] F4 #4to] oF 15%E A
o] gt
AA ANOVA A7t folstag, FA|Ao=s of= 4 & Atolof| {9

3 Aok ZABHEAFE AEsh] Aol Tukey HSD AFAES 8otect,
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A= [E 7-2]0f AAE] ek

[ 7-2] Mg} 27 7+ ANOVA 2@ Tukey HSD AF5A4 A}

Wl 4 Bz Aol | KY | oy | EW
p—value (Cohen's d)
Baseline vs RAG +0.56 0.0331 * 0.62 (&7

Baseline vs RAG-KG Z3% +0.83 0.0008 o 1.04 (thazh

RAG vs RAG-KG A% +0.27 0.4413 ns. 0.32 (&7}
ZF1* p<0.05, *** p<0.001, n.s. = H-g9]. ANOVA F=7.43, p<0.01, n° = 0.146 (Sha).

Baseline ™8] RAG % RAG+KG F #oAE= TAZHCZ Fot 4
zlo] 7} el ok (ZF Tukey p=0.033, p<0.001), RAG ©H] RAG+KG]
3 2ol FoshA] &ATH+0.2774, Tukey p=0.44). F= A= A 7f
Zlo]tt.

A, Baseline vs RAG+KG2] &3 F7](Cohen's d = 1.04)= Cohen?]
71z dat(large effect)ol] |FshH, ol= @Wet Aol LLM HAY &
ol AdAolaL A 7Fsd ¥F= nIRES Yuleth. &4, RAG ©= F
7ke] 8itd = 0.62)= SXF a7 eFo =, HWE HA ZEE o 24 F¢]
Hogt ou e FE Aol JeEE HoEdh AA, RAGOA
RAG+KG=Y] &4 F7F /M4(d=0.32)2 TAAL= FostA] ¢d2H], o=
TAE, A7bsA, F23 Aol A 2ACA A b st
TH oM AFanE KGO 71947 7t 2] 7] wi&olth.

Ty KGOl 7ol FATMEA Aol FEsHA E8E o] Ut
A7Hs7d Ao Al BAREAS F=62.48, p<0.001& mf¢- §-2J5H3
#, 53] RAG — RAG+KG @l +1.4749] {5t 7§14 (Tukey
p=0.0125, d=0.72)°] &I=ct. = & A7 @5 RAGE do] KGE 4
gt FAA AEste FAol otder FAIMSA AolA AlFEH, o+
Edge et al.®] GraphRAGS} Liu(2025)¢] KG-RAG A4 AAEH HE
AAA TJEn 2R AL HeMd WAE ESG =H|Ql HolHzE St 4
ypoj},

=
T
o
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Feasibility

e
Specificity

uuuuu

Industry Fit

Baseline
RAG
== RAGH+KG

Axs} FHotsd
Structure Traceability

Sonnet 7|E - A It st=XtSMH Z8H(~10) - FHItsHO| HH HLFK

c>
I->'I

[ 7-1] 2148 57 4 220 (Sonnet ZH 7]F)

[ 7-1]9] Sonnet gl 7]%& 279 o]y tE|A 7P Z=2igh o
FA7FsA A =4 AAdelth. F27Hsd A= Baseline 2719

1374108 4ol 23 oy RAG 274 811822 oF & ] A%
]—‘ﬂﬂ, RAG+KG ZZo|A = 9.57- 0 ZEsttt. Baselineo|Al RAG+KG
A9 % 54472 AA 57d F M & N4 Zoltt. o] Baseline
LLMo] AP 6—}% Z]Q‘?_}EE% At 23 HEe SO Q1T 718 4o
Q-5 Fshe W, RAGZF K-ESG 7tol=akel, o4 94, A5 7= &

r{o

gl
A 4

ot
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AE A% PAske] Htos Fsta g ol FAs] P, o]
of KGO 3= — 7 — 9%

O
s9S ALt UmA v A e A ol b E <
Hoh ZAA, AgrtsA, xS Al 2A3YEE Baseline oA o]n]

Tdote] RAGRAGHKG 2AeflA® FdatA H(10.00& &4
(AP7F5A49 RAG 2704 9.98). ol= 2% 7} FHEo] 7|&E
%5 oRE FHOE HHske B M, KG 74 oldex LLM

FS ZZsto] WAFI(ceiling effect) 7t UERE Aoz Al 24
A ZF wEEs 282 Z3ih oA olE A AdA 54 At
o] AFAde] of=t 6% 278 HEZF B/HFA 3.67/5, AP7t
3.07/5, F+Z3} 3.67/5)04 WHEHC. e AFHTAHLS AHFA A
Baseline 4.29, RAG 3.15, RAG+KG 3.01&2 <&
ZAste] wE Adgol WEEZA A%tk ol 4% A
d J4E wdshy] o A9 Aot At A
W= 449 A B4 (F=7.26, p<0.00DF 6% 28 HAEI} FrHAEAA
4 3.47/5)F B9 Hr g2 AFIh

[18] 7-2]°9] RAG+KG =7 7|& 2dd dgo|y ZFEo|A Sonnet2
Haiku b A7 (+1.033), F%23H+0.214), 27154 (+0.374) =}
oA & EHAct ES| AYrbsA AR Haiku 8.97 o Sonnet 10.00

4
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or © rlo

ox 1r
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AN 22 weld o)t Somero] © 2 wWuE fmel 22 HEe
o R F47190] AL ACHAZ drAZY Yeld AAz AW A5

= H A o=r AgeS ofulttt. Haikue 9% RAGHKG
wete Wb vu F4719 A4S Hold ARKd: Ag ESG 24 4
! ™ Sonnet2 7| ZRE Y ESG ¥9AF 1
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Lo ond RE 454 TH00002 FEOIAL AAATA

H O
Haiku 2.76, Sonnet 3.01dS2 XZfol|7} =z ¢Fof, T E‘Ei:lﬁq HEo
AP, F23}, FH7SA Al AFLolA YrERsT

IN 12
fr

AHIsY
Feasibility

10

MAEEY THIE

Industry Fit Specificity

Haiku (RAG+KG)
== Sonnet (RAG+KG)

=3t =754
Structure Traceability

RAGHKG 7| - Sonnet0| H#7tsd - 723} FH7H5d0lM Haiku Cit] 22|

(2% 7-2] mdd 5x9 24 =Z2atd (RAG-KG 2 =1 71%)

4 FD ALY 4 2A

——%‘O]‘:]' Baseline }_74_4 41382 LLMo] AFA sk
G

4 ot

BAAE AT A%, B AT ANeE Ak
ot 2

A
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7ol mEmES] AP FYHOEA LLMo| 9§ JRE H3s| 25T 4
917 H5l7] TEeITh. RAGHKG Z3eld 272 +0.874 F4E 2L KG

A AT (Industry Fit) A2 2 AFe] i dA Hixo| sfidstA]
44 FAAZ(Baseline 4.29 — RAG 3.15 — RAG+KG 3.0D)A+=
et ZFste] wE Aol UEhbA] gt ol 4% Aol A J‘ﬁﬂX}
7t @Y ASE AR A wEsh] o HNEES Bolge, 2
= o] AEY aME AFAHH Bool okt 449 AFE EA(
ANOVA F=7.26, p<0.00DollA HZEetch AA2 JSE= Eoflstd Az
(6.25), IT(4.00), AHA(2.93) 5 4= 7+ F3igt
27004 LLM2 7199 9% HEE ZEIDEZ vy o]l EH%#’S}O% A
S 2pastE ARk Wﬁ}% -
=] oF 43%7F Ax4, 1T, A4
of sjgstaArt. RAG 7oA ¢ A
9] Blxel Zol7h FrtstH, KG 74+ APPLIES_TO #AZ g

- =
Aek 53] A2 OISR, A4 AR, IT AQgRy
9 5 4F-u WACl KG 1xo] AR zgsle] gislel, LLME of
WA ARE ALAT Ba gol A BEY 4 Yok ot olYT 9T
q

o]
AT WASITL, 6F 3 7 BARGARY 347/571 o1 wavw

A zA 9A10.00 2 HAS
WS Hou, g oHe| A4 L2}~ T2 ZReE A 719 AAl FF
o 5] ZQlF Tt Baseline BA=2] 65%7F ovA] AHe& ER1thel Zol =4
A #Zdo| HERoH, RAG £AA= 7rol=alo] BAIE A 71w
2030712 A7k viES 2018 WiH] 40% TS)= ESto] 2] A4
H[-go] 82%=2 A5sldth. RAGHKG 279 A= KGE ImprovementTask

L
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L7t A 7l '@ B4 5F FJAS WSk glo], LLMo] Aqtst
AAIA 0] oF 91%7t 1) H3& 3], 2) A 71, 3) @ FA9 384
5 23l E0R A =HAAMh & s Ags A |
2] kot AQtel A, A P4 SHo AA PP AT ESG H
g BHuA7E 7|94 UiF A3 Ago= Bt HdghE
=
A3y 7Fs 2 (Feasibility) 2He-2 @izt =4 7+ A5l A
i (Baseline 10.0, RAG 9.98, RAG+KG 10.0)8 A5t ==}
wHdo] upehtA] gkokth. o] Baselineo|AE LLMO] F471Y
ARA Aol 712 A4S WSt Qlol A% E7bs
A sk gkow, AF WrE £HYo] o] 7|2 @S
A Boslr] figoz sfAEct BFH zdl 7 Haofx
o], RAG+KG ZZoJA Sonnet®] Haiku t©H¥] +1.038(Haiku 8.97 —
Sonnet 10.0)9] 91 EYItt. RAG+KGoIA 9] F7F HAES 2 KGO
ImprovementTask rEo] F47|9 A oF ZH17F WA=, d7 143
A (g =2 A4, diZ dH] F2HE LLMo] Ajto|A At S &
L3t autE FAHHEY ol 18 Rdo| 7|y fHRet A AokE 1
o) Aql 24 At B 5T AlARRIth ot AAEAelA MEER] ke A
YHsdel AdA BHL 6 3E ARV BrtelA 5 F P @2
3.07/52 W7t=o], HITL A57E 713 ettt Ados A=Eich
TE2HStructure) A2 A 2HA AHsAH wHE10.0)0 LA
Aste] FFATNE HAdoh ol F 7HA AARE Alstith AA, LLM
8ol =g4 249 L&A AN 5 A
ZHoA olm] FEo] d&stglom, oF 24 Folow F7b AT o
27} AlgHHolgt Holth, BA, 2 AT TREIE <dzYolqg HAAMR A
d ZEDE| g7, Ag], Az 399 HE, I
AR AAD7Y F28 2HFo)A LLMO] 34 &
TP Qe AARRITE AR WIbel A F23F Zpdo] Al it 7t
A

[e]
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& 349 Aate o] akdo] Al Y 7Hsdt 4 S
IE A F2E AL HE HSE gle] LLM 5 A4S AFE 4 e &
ojm, ol= A7t A4 H[8E AEA o= vjEsk= HITL Aol A |

g gitg 5xpgoer EastH((I" 6-2]) Azbe A7HFsA(
), FA7FSAA(+0.377) A 22 F23H(+0.2158) ol A 2tk o= Sonnet
e oA B FEA E Ho] AaArtedel ek v, 4 &9
o] WAl Fx3teA= HaikuZb Sonneto] ¢
Z3F By A9l dig Aol Haiku® &5, 714

TZo] @5 5H Sonnet F{jo] HAFSt

2d gy AANAE =EHEE —AA Ay nd 7F 22 23 Fo|=

f-olotHth(t=—2.95, p=0.004). o}k RAG+KG Z71°] Haiku =2(8.144)
o] Baseline 719 Sonnet R2(7.698)S o|v] A3tz & 1d + F
g Wigto] 14T RdY + RESE WiFgHo 946, FY WEr oA
Sonneto] APEA A il FHol= Sonneto] ojHs] sttt o] E
|Eomo] AAS2 A2d FA-A4 B4 2AA HE HH¥ez F

o)
ll‘

r&" - o

F4-A4 384 A2 S WE BJAES 7Dl wE 54 Y
A A aeAd o] WAE ojuRrtE EAS AR HIE Al LLM APl &
= H82 o8 EEY &Y EFY o vEctEE, 45 o7 S 9
2 S dAdor vg FU7ME Sukeith B 42 54 4/ 1,000 E
T 384 A8E o] EfolEenE HFdlelal, AR HiZ Al A xS
gt
(2 7-3]19] 2HE sidstd F 72 S48 djdo] =2idnh AA, F42
/IKES 8574 Axe 9= Zoto] met fAAagtt, BL 279 Haiku 2d
(5.98)0] 7} =31 R+K =7A9] Sonnet 2E(1.89)0] 7F Y}, o] wiet
At 5Y EST Edolgte 84S scHHA Al 24S 4 EF
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HoZo =4, I3y AF 8z IHoA o Fa3t
| Adigroltt, BL =79] Haiku 24(7.184, 1.0
v H-8)2 §84o] 7P A9 W= syt glo] At oer EAo] Uil

R+K Z79] Sonnet 2 (8.524, 454 H]|R)LS 2|11 ZHo|x|gt tj=fF vz

Ae ¥lg Fdol A

[ 7-3] 24 x B E2 A% 2 T84

27 x Bd | 4 33 | B+ EZ | BY/IKEZ H§ A5 H| 1

BL X Haiku 7.18 1,200 5.98 Low | TE H]; 7
BL X Sonnet 7.69 1,800 4.27 18.0] -

RAG X Haiku | 7.88 2,500 3.15 2.184 -
RAG X Sonnet | 8.25 3,200 2.58 32.0uH -

R+K X Haiku | 8.14 3,800 2.14 3.2d) | HgEE HAA
R+K X Sonnet | 8.52 4,500 1.89 450w Hy =4

Z: H& 24X Anthropic APl FA] &7} 7|28 BL 2710
ot At H]-go]H, Halku.l EZ2 9717} Sonnet®] ©OF 1/5 429l

o E

aéﬁf% g;l.o 1.002 7t3}

AR v A 22 54 opebdat o4t ARRbA ] wabHeA 2%
. 2 Age oldA Hde Aijktth AR, diF A" de
RAG+KG Z%719] Haiku ZE(EH 8.14% 3.28))o] Agsict. o] =4
2 Baseline £719] Sonnet 22(7.694)< A2]ot= &4 Sonnet?] 1/5 H]
§ AN AN, P ESG AR AGIS] A 3 AT A4Y A
soto| BAMoR ESith =4, U]%* Aoz RAGHKG x79
Sonnet EE"(”;” 8.5274, H|-& 45HH)o] 2 =

oA FEE F7F #HZEE Sonnet®] Aoty Sonnet
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M)

Zo| 1.3~1.74- 2t} = =2 134 7} =53 v]-8-E Sonneto] Haiku

= =
Bt B4 % ol Sonnete] WAT FST} S AVHYL AMIE T
o

okt

ARz (1) A37Hs4 74}°J°1H Haiku®] #HFH(F4A719 @4 =3t A
eho] Hl-& ol RAE dor= A, (2) H7Y ESG 3% AAAH
4 7)ol AARl A, (3) §F Aelo]
ABdsfjoF k= %<l Sonneto] Ad2HeTt. !
A"o)A+= Haiku + RAG+KG %3to] AAH HHHolH, ol & A9
AR HiE AA] 4] EA ol

A3Ad AFE 3L F2 ARG 24

2 st AAF Al 949 Axde] 94 2R F stk 9F we
Mg BEF B4 Aol o] A olzr} AR TEUEAE AF5

= 1 =
9, n=3002 gz F4 Aolg AAHo= Bt o] BAS
B 1A% APEYY A5 Aol sPetel, £ 479 45A oo 7}

Z AR o7 HojFe ZAuo|t}

olu]giet,



HZHY Baseline vs RAG+KG EX £3 (Sonnet)

104 Baseline
H RAGHKG
8.
7
ol
7 67
o
al
pal
o
Kl 44
Ho
2_
0
MZMH|AY EAHHO{

AEY 7|et Et
n=3)

(n=11) (n=11) (n=1) (n=1)

[ 7-3] Y% Baseline vs RAG+KG &2 £% (Sonnet, n=30)

AAst7] sl RAG+KG x=7e

el
=

2 THS FHHaE, o A5 %%%#E Ste dduix Z4hEA
_]

o
Cohen?] 7]EollA W& }(large effect)ol] 6H05PEL ol ¥4 T4 B4t

5%
oF 60%7} 4% Aolz ABBL olulste WS B SEolth Aurael A
sjutst A4 p? = 0.14 oliold awz PREE A welshy, B
Aol p’ = 0602 FF NI Bl S AW AAH G vAS
ofmlgiet.

o] $AZ Aupt ARHoz oust wp Frfsict £ A7l Al A
4Y Axdo] @l vt dgnom ApEsty FA mzsede Yot
Qe Mol BAZCZ AZP Zolth WeF AL §Fe] T L
Tl

RAGHKG oP 1947} 945 W3, 9%, 943 A4 AAZ Puste] wr

Goti 9lee BelFt A FAoltt.
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[E 7-4] 938 Baseline vs RAG+KG &2 &4 (Sonnet)

q4F n | Baseline RASQ_KG Y| GRS
AzxA | 11 8.44 9.19 +0.76 | &4 A KG &5 — 21 &4
A4y | 3 7.71 8.40 +0.69 At B AR wer gat

IT 3 8.59 8.53 —0.05 Baseline o]n] &<
Ae A |1 6.80 7.60 +0.80 HEHn=1, 34 HF
Tau |1 7.28 8.00 +0.72 HEHn=1, 34 HF

71ek | 11| 6.80 8.00 +1.20 iz, i Ad =

L SABFRAY, ARV, ARV NIY WF SFAA G A
| A FE7H B @79 KGell g FRb ditshelo

o 7190l sl LLMe $39TFHL — wEe87]E

— AEY )~ WA AR 20| A4E TALSE ANT 4 om,

ol=de A "HUSFoIH. AEU2 RAGHKG =

Z Qlgo| HI¥stH, o]Eo
A FEE

IT 94%9 A odZ otk Baseline 2704 oju] 859H oz mj<
=31, RAGHKG oAM= 23518 A% shestith8.534, 4=-0.05).
ol F ZHAR siddct AA, IT 452 ESG A o|fr(UHJIARES, A
HE, AMAZ|&A)E LLMO| APA 855 #]4]of oju] & grgE]o] glof 9]

2 ometo] shA auph Wik B4, IT 9% 53t KG7F 2 d7olA i3
o7 HofsH| F=HoJ(H 2 wi¥) 23]2 Baseline®] ZHet HHEG
KG A& A Aol ofte] kolzg F718lE 7Fsdol Sl <
KG &g A 1T 4% 53 AYOIJABERESY AyY, %

2 SR
27001 A% Z)e o 2WskA TEAF TS AR mEolnt,
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o] 49 AFATE A glgith Ed A4, AAAsA, Fx8
o

719] Sonnet 2Ho] 7 AFolA 10.0Ho2 FUs
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gl gigledl, ol 2 A9 Al AsAd =
= Al 717 sl Brtete el Hlxd
Agnh, FA7HsA A2 7.20~10.009] F1 BAE
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ABSTRACT

An LLM-Based Agentic Al Framework
for Tailored ESG Consulting in Small and
Medium-sized Enterprises

Roh, Eunmi
Major in Smart Convergence Product

Dept. of Smart Convergence Consulting
The Graduate School

Hansung University

ESG(Environmental, Social, and Governance) management has
become a baseline requirement across global supply chains. The European
Union's Corporate Sustainability Reporting Directive, which took effect in
2024, together with the disclosure standards issued by the International
Sustainability Standards Board, has extended reporting obligations to the
smaller suppliers embedded within these chains. Korean small and
medium sized enterprises in particular face structural barriers of cost and
limited in—house expertise, while conventional professional consulting
remains costly and time consuming. To lower these barriers without
sacrificing expert level quality, this study designs, implements, and
validates an agentic artificial intelligence method for customized ESG
consulting tailored to smaller firms, in which multiple language model

driven agents collaborate within a structured pipeline.
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The Agentic Al  framework organizes the consulting process into
five stages(Perceive, Reason, Plan, Act, and Learn) configured not as a
linear sequence but as a closed feedback loop, in which each stage passes
structured context to the next and informs earlier stages as needed. A
higher—level orchestrator coordinates the flow from self assessment input
through grade prediction and customized consulting to expert validation.
The first three stages, spanning self assessment to consulting generation,
define the implementation and validation scope, while the expert
validation stage is presented as a proof of concept.

The Agentic Al framework is realized through three collaborating
agents. The first agent predicts an ESG grade, mapping self—assessment
responses to one of three classes through a gradient boosting classifier
and returning the predicted grade, its class probability distribution, and
explanations of vulnerable areas based on Shapley values. The second
agent generates consulting content: taking the diagnosis as context, it
draws on two complementary channels retrieval augmented generation
and a knowledge graph to link relevant regulations, certifications, and
best practices, and produces three deliverables, namely a diagnostic
summary, a customized consulting report, and an evidence—form guide.
The third agent validates these outputs within a human in the loop
structure, in which fifteen experts independently rate them across the five
quality dimensions of the proposed evaluation framework, producing
dimension level scores, measures of inter rater agreement, and structured
feedback that returns to the preceding agents. The three agents function
not as independent modules but as a single organic pipeline.

This framework was implemented as a fully working, installation
free online service that brings together the three agents, the orchestrator,
the dual retrieval channels, and a web based self assessment interface,

operating end to end from self assessment to output generation. The

151



system was validated on a sample of 299 unlisted small and
medium-sized enterprises through a crossed design of context conditions
and models. It predicted ESG grades with an accuracy of 0.8631. This
demonstrates that an externally assessed grade can be inferred from
self-reported data alone. Combining retrieval-augmented generation with
the knowledge graph yielded a peak consulting—quality score of 8.52,
confirming the value of context enrichment. Beyond this expert quality
assessment, a separate satisfaction survey of twelve small and medium
sized enterprises that used the service reported an average overall
satisfaction of 4.25 on a five point scale, with 83.3 percent expressing
satisfaction, and an average adoption intention of 4.08, confirming the
practical acceptability of the deliverables from the standpoint of end
users.

The study makes three contributions. It shows empirically that ESG
grades for unlisted smaller firms can be predicted from self assessment
data alone; it integrates ESG self assessment and automated consulting
into a single multi agent pipeline; and it proposes and validates both a
five dimension quality evaluation framework and the ESG Bridge Tool
concept. By delivering expert level consulting as a low cost online service
and using human in the loop evaluation to separate tasks suited to
automation from those requiring expert judgment, the study offers a
practical basis for real world deployment. Future work includes the full
implementation of Stages 4 and 5 and the extension toward a

self-improving structure through longitudinal observation.

(Key word] ESG Consulting; SMEFEs; Agentic Al; Large Language Model
(LLM); Knowledge Graph; Expert Validation; Human in the
Loop (HITL)
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