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1. 2 B ¥ 2ERA] 723}

1) 28=2X| %8}

2E=24](Ontology)i= 578 A4 FGNA ARGE= 7, £7d, L8l TAIE BAIZ 02 A 9f5to]
71A7} =2 0.2 ofsfistal A 4= U= AP A4 HHo|t), o= s 2ok A 4of Tt
dole Ht] T AAESE Zrh of2fet A4 sl A AlE T YYZLRDF, Resource
Description Framework)4Do]| 7]Wkol, 1 HA] Lx = ‘Fro]-&o]-EZjo Je|o] EZ&E &
(Triple)o|tt. o] EB]E 2= A 42 24 D919 BA = Zafistal £E3l5t0] 2o g2 flofw, 7
H JHEE Adsto] Adgt X4 T Z(Knowledge Graph)42E F/dot= AlHlE H43)9] 7]&4

7]¥to] Eth(Decker et al., 2002; Guarino, 1998).

719 GRS S s Gk E bt LERA0 Hojsl FHS vko R gze At
She old] 22 S, doleu 14 7o) Béolut FEo] gibx) SHelst
2 w3k A3 THs et} SERA7E 71 o] el Bt Hole B0l 4
48 7V Bhe Bt wEEd Btk

E2A] 7|24 712 A4S A oz 201810 =24 WS e, A2 oS

i

oX,
&y o
Mz o]N

‘ﬂ;{l;l‘l

-

L L=
U

Ir
ol

)

S
MVENG]
ror

¢

41) RDF(Resource Description Framework, Xt3 7= T AYT)= HEHE M2 HZGHA] BESoks AASHE SHA0|CH &A &
dli, RDFE “AF20|L 7iEg 2% YHE d%Hol= 200 2 HE= ‘F0(Subject) - ME0{(Predicate) - =&0{
(Objecty2h= M| 2RO =2 HHELE OIS S04, “MEAl= HSPI=0] U= 2E2 RDFE EH F0= MBA, M&0{= ~0
QUL} FX0j= CHEtPI=0] == A0ICH 0|2 A2 MAe| BE HEE 0|3 “AMH FXEZ|E)'E BTGHH ARE7E AR
HAHE Olshstn, AZE G|O|EIE HOHLALE MZ F28 4= QI

42) XA T2 E(Knowledge Graph)= O3] FEAE, A, Ligt §)2 ZAE shx0il & 4= A A6 J2l= X2t 22 20|
Ch 7HE HI0|HE H(.5)22, MZO| HAIE M(AX)22 Bl ZARE7t 2SS HEE O €/ Ololot==2 E=Ct. 0IE
"MIBA = LS00 UCHE XA T2 LIERHH, SHH| Holl= "MIBAl, B CHE Moll= 'THeteI='0| L, S HE "~ U
Ci'ets Moz AZEL 01X 2 FHEeF 27 122 JE= HE 0 UCH, 13 HESS HEA FHLL M2 HEE
RO | I

43) A|HE #(Semantic Web)2 Q1E{SIC| FHE R E7HSES Olalfotn HAS 4 Q| BHE XIsT #0|C}. X|Z2| |o| H&3|
ZAL O|0|X|E E0{F= Z0(2HH, A|HE 42 FHO| o0/t HA'E LA, ARE/I AAR HEE ShAoHL HASH
Ct 01 S01 “MEAl= THe2I=0) UL 2k SX0| FRSE 0] QUCHH, AFEE “MBA7HUSRI=2| A 2= AFME 0]
oo, “ThStEI= el A= 2210| QULE Rt & I MIBAIS a5 CHE TA| ZEE BH R0IE & QUCH &, AUHE 22 g
AHR0| = SZHOA, 71AIE Olshstar &7H M2iet o U= SR UTAZI 71&0]Ct

ol



FESte Hl 8= AL Atk 249 A4 el A4 AT 220 1o MA At HAE E
& X FHIE F2I5t] A4 T ZE A5, o] F ZE=A[0 A H 212 E-E5to] H
oJElL 774 719] & oF U FE o RE AAH R Adsk= 2 7N A5S AU 252
A 50l A AT} AZ 2249 SHAE Hstr] ffsf titi /1o] E(LLM)O] HI F HlolE
olA e BAE As FE510L EEA7} olE HE Akl 419 Al=/dE =0l stol B
T 54 54 B ARbE A it

2EEA 7|&E 1 AR AA LS B E HE, Fd, 58, 9=, 9l 5 1= Ao
TE= TR 2okl AEH AL A HE EofllMe aE A 23 Y] BT Ao AE S 2
EEAZ BEddste] 7|go] #AIE AAA o= F4oh=A] FAsks 1Al & AlLE9] S4 7
2 AREEAtHSadiq & Governatori, 2014).

i
B

|

it

F

HE HopollA REEA = $E2 1A 2T 11 E4% 452482 Bl d ARE U o]
£ 53l 7140l ERRE FA1E AA A o= olsfstal Eoh=AlE AAste Al £ (Regulatory
Compliance) A|AHIO] HA] 7]&E AREEJATKSadiq & Governatori, 2014). LKIF(Legal
Knowledge Interchange Format)2} -2 HE SE2 A= HE 31 TAE AAZ o2 HH5}
of, }E 2419 ofu] 7|8t M-S 7hs5HA skl et Mg o] AE2 A Y5kt Hoekstra et al.,
2007). B Yot LE2A= HE 1212 B4 =2 & H o3t F Aol 4851, S&Ech= 8=
As o= AMESEAL QA HARES AAShE & HE FET 1 A4 A5l 8=
(Ashley, 2017). 53] &7, 14, HA} Zo] Tt A7 S E = FHoNA #7381 =, 5
E FEkg AdEskeE g a3Hgo] B2 o7 HIEL QIt(Casanovas et al., 2016).

. disallows

Obligation o " allows

. ‘equivalent_class -~

Prohibition } *

[ 3-1] The LKIF core ontology 20| F£Q H Jj4
£7%: Hoekstra, R., Breuker, J., Di Bello, M., & Boer, A. (2007). The Ikif core ontology of
basic legal concepts. LOAIT, 321, p 57.
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IHE= 35 AR AT L8447 AAREA-E =017] Yl LOD(Linked Open Data)44 715k
o] ZEEA HElS 5510l It 49 §35] ‘=7, QIE, 7|3 AR, AE' 5 34 Ee SAHCE ¢
WRHEAFA ITE, Bel, HeAtg, Qu U] 5 38 HolHAE A4 Ysk= AAE vist
FrHo). o= oF 30000 Ao Eoh= QW AT A0 A7 EF ARE LODE M= AL =

#E F4 Aot ol 22 WSkl Ith (Y, 2022). B8 SHOA = o847 71/ E 7]
" A9} SPARQLANE Ap HEsto] A3 4= = 'LOD A=A &3 A5t it 48 H
o] Fie} F0]&5 AZHH 0 & HHske ‘YuALRE 5 T|o|HEA AH|AL X Ysto] X|4] T1g]
I Q2 A9 eHAS =49

isatedbeen

" gy
"ﬂf.,\,, o schamaibvent
e
" bl an
N %
Imlolud duull -
3 Ly
{ e
SubChamf gg 'uhwmud; T
e
By | “k\ %":._
o bt e {\“«
Sl -
Y NG vibAssa
Instigent | T . \
[ hshesitior /st puntry
——
. o
w 2 . N ¥
o h A
1 .
wola/Pusiton |

Subllanii %, T

(13 3-2] Qi LERX| SfA ARE

EX: 2w OPEN DATA. LOD AfH|A A7Y. https://opendata.mofa.go.kr/lod/introduce.do(ZMe: 25.10.16.)
o] "of| 9] Fofol A= A, 4, o= 1o BAE HE8HE 2EEA(SNOMED CT, ICD-10 5)
B FE5to] I A A 2 A A 7E AL (Schulz & Jansen, 2013). &8 #oFlA=
A=}, 70QL #Ql 9] TAE A4 A nE F5510] A AlE T 22 o) a6 A S EA
St 8-S EA5k= o 7|95 THL, 2023; Bennett, 2013).

44) LOD(Linked Open Data)= QIE{S10i| S7HE CIO|EE M= AZsH &1L &8 4= QA ThE YWAIO|CH 7| HOILE 7|0 24Xt
I HEE UG AR SIHGHH, THE |0|E{QF S SAE 0 M2R QJ0|Lt 2#AIE ’;(Jof'é' 2= U OIE S0 “MIBAI= T
SHI=Z0]| UCH = HETH S 1, THE 2O|A “THEH =2 OFA|OH]| UTHE SIHSHCHH, LOD:= 0| 0[0f “MIBAli= OLA|OHO]|
ULp= HAE NS= melg o~ Q7| Bt} 0|2 LOD= HIOIEE ‘M2 Sot= ¢E HIJ, Mol 2017 FRE SiLte
XjAlgto 2 ob=ofEL},

45) 2= OPEN DATA. LOD MH|A AJH. https://opendata.mofa.go.kr/lod/introduce.do(ZA4Y: 25.10.16.)

46) 2|12 OPEN DATA. LOD AH|A AJY. https://opendata.mofa.go.kr/lod/introduce.do(Z4A2: 25.10.16.)

47) SPARQL(AIFE)2 RDFE MHE HI0|HE ZZot Z0tli= AHOO|CH 7| Zah, o2 7= HZAE H|0|Ef SolA L7t 2
HE FHE ZRETL LOtEA S0 EE= YHO|C 6E S0 RDFOI| “MIBAl= et I=0l UCH k= HE7F MEE 0] QUCHH,
SPARQLZ “MIBAl= O{CI0l] RULL?” Ei= “THEIRIZ0| £t Al= SRRV M 2212 Holl 2= Eel(Query)E 2l
0] St= 210E HOKEL. R27F 2ME ZAE I HHE Y=okE, SPARQLS H|0[E 2] 2|0 H=e|= HEZol0 Z21E FEls|

FEY 5 W 3

48) 2| OPEN DATA. 2|us LOD Atz B https://opendata.mofa.go.kr/lod/lodFindData.do(ZAY: 25.10.16.)
49) 2|wE OPEN DATA. 2luXtz 5 H|0|E 2. https://opendata.mofa.go.kr/lod/lodAnalysis.do(ZAMY: 25.10.16.)



WE AP BN LE2AE AT ol RRACLLMTY FIE B9l 120 454 84 WS
=313 ot 0]u] AV o9l weichel 0 20) A 7Hs A SHe A9l 7] 4ol B4
ETRA VY FRY G A% AE 2 U olF BA AAS] FFolt, AT o] md
(LLM)O] W8 210] B3t Rulat HYAS stefste] AH 35 o4 AIE BESIsH oA
B RS Tk, LEEAL WE 1A 1 a% 49), 2 W 5 Wkt ) 7S HRtoR
LM SRk 214] A7k A el Fad ne of B sH=A S A WskA 7% sH Holtt, of
5] LS| 9418 Sl 4 el LB2AS QAT ol AL S ATHO A UE AT
4 2410) A5 B8Y2 BAG] T > ov, LEAS] FH o] FEE AFAs

o] 49 7HsAde Asishe Hlk 71o1g Aoltt.

B 2EEX| 1E W

£ Ao A 9] et HF LEEA] F23k= F 9ARE JPE I A WA= HAA = b
JEAE A SHA, HE, B, A5 5 LA} A ¥ 2 FYF7 vlolHAE =153
o} & HAE 1E B8P HEY 9AES JAFAS(LLM, 53] GPT-40 HE)o] AT 4= =5
ZEEA 7|9 EFE FF, & 'Fol-A&o]-F2]o] (SPO) FEI= Hleto] F23HH A|4og
Agkst3drt.

WA, 7P RAE (aw.go koA B, WA, B4, B 42l dolet @ A%, =
ACAA TP S 212 0 s Aestel 2% 8-S F 208) AMSIITE0 1okg 9 3
292 B 224 éﬂ( 93, 22 tﬂ)%%é}caz,%%yﬂ W81} B F2519

FF 1770 L8 1077H PR o= xga-a %t

T2 MY 220 A F2E NHGett P2 e 20, ), =6, =(E), Al
EHIE2] &A= ASTFE o et5D & B4 M= AR 22 W8S T 24 jtgE += 3=

/\

50) Ol) 38X and 74%, &K and £Al, 34 and A[M, 3HXH and W&, 3K and O ...
51) (HOX) - 2@, @, ) — =1, 2, ) ==}, L, ) =~ M=(1), 2), )
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= JOHE 4 TR oto] FESIATE A& S0 & 2E Woll o7 Aol 2T F5-, F0A
- T 20Re i E FH= Agsialtt. &

(&)01 %XHEW QAL 27 22T e A= EER ARSI, F(H)o] }lo] 2o AF dZH

¢

73 9 CHy ERRIES
, » BN, 7AY, 5 U

wa Y520 A4E SR URY | BuEe IRy | O
2ct <=0 OF|S5h EH %

ez i aay O | e ap 7 52 8 A | of: 2SS A

oy IS AUALIPIEANET | oy mapapasr | of: 22, 220 S SUH O
—Z&o=

weEss MOZHNY S UH R2WE | 2N TSI ZE IRMY | A2 HE 102 4%

o g 9| 2 FHRE YNNG R | EIIHS A S B2 7IE

e Ll EENETT ac 2% 18 48 (0 27)

e S AEAE R B BTE | JPiEE 2 BRI Of: 027.000.003

WHAYTE 3/2 | A/3 W0 FE8 A S APIB S TAN B | Heu 2 01:27,9)

weep og K20l 4ot wAS P | HOEA MIUBEIE | 1982 A, 3 AN S

welle z2o|Hg 24 BEte| HA@) E01E n3 22 1A 45

S5 o =

FFH o= LHE HY € FH12 2 F o8 = vt Zo] Y= QI "ol = o]% 222
Z] 7|4k EFE £Z2EE 9519] JSON(JavaScript Object Notation)84]52 0 & JL335}5| o] Z4}5]
Aot 25 HE 2E2 219, )R FEE o] L2519 FOH)) oF FE2 T T

o, }“N

52) JSON(JavaScript Object Notation, AtHATEE x| 27|H)2 HIO|EIS & MG F U7 | 2|3t Tt SA0|CH Ag
2 97| ¢, AREE XM2[5P7| 12 HAE J|8t X2 E|0f QICh JSON ‘0[S (Key) 1t ‘Bh(Value)'| WO O|R20{FTICE
S0 {OIS" MBI, "aE=71" "HHR="1 MY A8, 0[5 0] ‘MEAI0|1L AE=7F7 Hetll=02t= 2E €S
RUCH 0127 JSONS YIAOLES} A7} HIOJEIS ZIWE If 74 ) M0j= BA HAIO® ZITIPIAE Clorst Hes

ojg
I
HE 4 Yl FAOIC,



() FEol| ZAEEE s TASETEH ) AR E A& EH 29 Y&glo] viE Fo= Al
Eo] 29 FE2 O F= AL 2 ©@F7HA] ZF U-8o] =AHH 0 & A=tk & 5o 79
Al H8ol e @ 3 @39 619 2.9 -85 H7] =™ LR & Blo] Ql= A 0= #7|Hh

=2 g2

H18Z (HESIT2IHA7IHS K1Y 5)

@ SGRRNE - SEHRREXAL E= AE - 2 - FHYS O 2 59| 0| 5tof| siYoh= XS S EZ 2= Fok= Hiol M2t ASS 22|

27| 2HO 2 RIKBI04 BHS TRIXIOH L0F SITt (2019. 4. 30., 2020. 6. 9., 2021. 3. 16. )

1. TS M23ZH| 120l M2 ASAMSANEHTS Bt &t
271E TISY, M262H120 M2t SSot HEAMKIL0ZIALHAL

5. 71 Biol| tHSHZ 2= Hol= At

@ 3 BRIRE= RI130] et XHE ASSURIEZT [HOR 5102 ASSHHAS $35I== 51010} BiLt
@ NS ST B2 HHMOKIS X[Ho10] YRZ 4351010} Stk

@ HRI= S ST HZRR0) M2t HAsh 1 YRS a510{0F Bict Al

® Bi=t MEIRH= CHS 2t 59| OfL BHLI0| BBt AR HESTZ|HAT RO WAHIZ Q&3 4 QILt 0] A SHRIKIAIK - SHXIRITAIA T 3

X

AZ - 24 - PHES NI BT QIRES A ZES T2 | RIS HAGIH ZIX0H L2{0F St <

45| =1 H

1. 7{50|Lt S5t HiHO 2 AZS DAY |HOZ KHS e H ;—2

2. ZIESHEIHZA0 QTS MK X270 MoHK| 0fL3t B of

3. MRt 19| = SN IR AESTHARIE HLt60] QRS a5t Ao E

4, AESRAIH7 0| MBSt AR Q10| HESR|HAS HEoIALL MAIGHK| OILIE 22 =

® HRIe| X121, YRCH7L S0 Tot0] TR ARIS HEZYO2 Htt, B

2]

v g

at‘l'

5

[F=3}El Z2 (JSONEA)] =

M

- . x|

AN R (HES BN |B| XY 5" { o

=]}

- =

=" ], o

néopv: { tér

O SRS - SERRITIAES AR - 24 - PHEE TS 2 59| of il sigshs ISUSYYOR Hok= vl 12t 2152

BRIE7 0= RIRSI0] SiE BRIKIOI 22{0F i I 2019 4. 30, 2020. 6. 9., 2021. 3. 16",
@' s HRIAtE RI1S0] T} KISE HSSHRETHOR 5/0t3 HESHIHZS +HSIES S10{0F BILE,
@) "TSSHRIHT B MRS KI510] 2TE 2500} STt
@' "HARIZS SRR TR A T YRS Sa5I00F BIC,
;"B RARS CFS 2t 39| OfL SILIOH SHEISHE 29 RS TAIHZTIBO| THS QM 4 ULt 0] B SHRRAE - SEXX|EX
AHES N - 24 PHES ASTHEDEITHL QR 29 2SSTRIAT TS WS BRI 220f i,
"©: "HRIS) A, YRt S| i) WL ABSS o= Mt
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- AEQRHR
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Summary

Al-Based Legislative Improvement Strategies for Enhancing

Integrated Living Safety in Urban and Architectural Spaces

Ko, Youngho Kim, Sungjoon Kim, Youngwoo Her, Jaeseok

Aewwng

Chapter 1. Introduction

Chapter 1 presents the fragmented implementation of legal frameworks across major
living-safety domains—such as fire safety, crime prevention, pedestrian safety, and flood
management—as the core rationale and necessity of this study. It highlights the policy
inefficiencies and regulatory conflicts that arise when multiple safety regulations are applied
independently to the same spatial environment without integrated consideration. For
instance, crime-prevention window bars may impede emergency evacuation during a fire, or
pedestrian safety installations may obstruct water drainage infrastructure, creating conflicts

between policy objectives.

To overcome the complexity of existing legislation and the inherent limitations of manual
legal analysis, this study emphasizes the need to adopt ontology-based structuring and
artificial intelligence (A)—driven reasoning as essential methodologies for assessing legal

coherence.

The objectives of this study are threefold:

* To conduct an in-depth diagnosis of the fragmentation and inconsistencies within

living-safety legislation,

* To develop and apply an Al-based legal coherence analysis model capable of

systematically detecting legal discrepancies, and

* To derive legislative improvement strategies for establishing an integrated safety

management system at the spatial-environment level.

The scope of analysis is confined to four safety domains—fire, crime, pedestrian, and flood
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safety—and methodologically covers 177 Acts and 107 administrative regulations using
Al-based processing. A review of previous studies reveals that while most existing research
focuses on single safety domains or governance reform, the present study is distinct in that
it applies a hybrid ontology~LLM mechanism to diagnose normative contradictions that

emerge when multiple safety regulations overlap within a single spatial environment.

Chapter 2. Review of the Current Legislative Landscape on Living Safety

Chapter 2 examines key laws, national master plans, and judicial precedents related to fire
safety, crime prevention, pedestrian safety, and flood control. It analyzes how these legal
instruments are simultaneously applied to wurban spaces, buildings, and

facility/infrastructure units.

B Findings from Legislation and Master Plan Analysis

Fire safety legislation such as the Act on the Prevention and Management of Fire Safety and
the Building Management Act, and crime prevention legislation such as the Building Act and
the Urban and Residential Environment Improvement Act were reviewed. The analysis
confirms that safety regulations are cumulatively applied across hierarchical spatial units—
city, building, and facility/installation—and that certain urban typologies such as
multi-family housing, multi-use commercial facilities, and high-rise underground complex
buildings are subject to simultaneous application of fire, crime, and flood safety regulations,
making them zones of compounded risk. The legislative authorities are dispersed across
multiple ministries and local governments, resulting in fragmented governance and reduced
effectiveness in spatially integrated safety management. Similarly, although national master
plans demonstrate policy shifts toward prevention and risk-based approaches, they continue

to be implemented in a domain-specific and siloed manner.

B Insights from Judicial Precedents

Judicial precedents were analyzed to uncover ambiguities in legal interpretation and

accountability that are not visible in statutory text alone.
* Heightened Duty of Care: Courts increasingly impose high standards of protective duty

on facility owners, such as hotel operators and factory proprietors, requiring enhanced

safety assurance for users and workers.

¢ Legal Gaps and Ambiguity in Liability: In cases where certain safety installations (e.g.,

door closers on fire doors) are not explicitly mandated by law, courts often rule that



negligence cannot be established, exposing gaps in legal accountability.

* Conflicting Standards: Situations where one regulation mandates the installation of
bollards to prevent vehicle entry while another requires unobstructed mobility for
persons with disabilities have resulted in legal disputes and liability rulings against local

authorities.

Overall, the judicial analysis demonstrates that fragmented legislation leads to normative
conflicts and interpretative uncertainty, reinforcing the necessity of establishing legislative

coherence across safety domains.

Chapter 3. Development of an Al-Based Legislative Coherence Analysis Model

Chapter 3 develops an Al-driven mechanism to assess legislative coherence in response to

the complexity and ambiguity arising from fragmented safety regulations.

B Ontology—-Based Structuring of Safety Legislation

A total of 177 laws and 107 administrative regulations were converted into machine-readable
triple structures (S~P—O: subject—predicate—object) through ontology modeling. Utilizing
GPT-40 with few-shot prompting techniques, the legal provisions were decomposed into
conditional clauses, parallel mandates, and rights—obligations interactions, resulting in the

structured representation of approximately 68,153 individual provisions.

B Development and Expert Validation of the Coherence Model
The coherence analysis mechanism consists of two main stages:
* Stage 1: Candidate Pair Reduction

By combining semantic similarity analysis using the Qwen3-Embedding-8B model and
TF-IDF lexical matching, approximately 100,000 high-probability conflict pairs were

extracted from over 600 million possible legal combinations.
 Stage 2: Coherence Determination

Advanced reasoning models from the O3 family were applied to perform deep inference. The
model was fine-tuned through expert role prompting and iterative learning using
counterexamples, significantly reducing instances of false positives. Two rounds of expert
validation in law and urban planning secured the reliability and interpretive accuracy of the

model.
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Chapter 4. Findings from the Al-Based Legislative Coherence Analysis

Chapter 4 reports and interprets the 67 validated cases of legal conflict identified through
the Al-based model, examined in terms of spatial hierarchy, regulatory targets, and the

nature of conflicts.

B Spatial and Facility-Level Conflicts
Legal conflicts occur at all spatial scales:

Urban Level: Conlflicts arise in overlapping zoning regulations, such as prohibitions under
the Forest Protection Act conflicting with conditional permissions under fire prevention

statutes. This points to a lack of inter-ministerial coordination at the spatial planning level.

Building Level: Procedural conflicts appear in special administrative regimes (e.g.,
discrepancies in approval timelines between the Building Act and the Saemangeum Project
Act), as well as regulatory hierarchy issues where lower-level guidelines exceed the

delegation scope of higher statutes.

Facility and Equipment Level: The most direct and technical conflicts occur in facilities
where fragmented performance standards—such as differing emergency power

requirements for sprinkler systems—create regulatory uncertainty and compliance burdens.

B Regulatory Areas and Conflict Types

Conflicts most frequently arise in standards and technical requirements, which in turn lead
to contradictions in obligations, enforcement procedures, and liability. Over half of all
conflicts (52.24%) were due to contradictions in regulatory content, such as mutually
exclusive mandates or inconsistent threshold definitions (e.g., “within 10%” vs. ‘less than

10%”).

Chapter 5. Policy Recommendations for Integrated Safety Management at the

Spatial-Environment Level

Chapter 5 outlines legislative improvement strategies aimed at resolving systemic
fragmentation and supporting integrated safety governance based on the diagnosed

conflicts.

B Policy Directions by Spatial Level

 Urban Level: Establish explicit precedence rules for overlapping zoning regulations and



introduce mandatory coordination procedures for conflicting infrastructure mandates.
* Building Level: Clarify the relationship between special and general laws to eliminate
duplicative sanctions and ensure administrative guidelines remain within statutory
delegation boundaries.
* Facility Level: Develop unified reference standards for fire safety performance criteria
(e.g., NFPC series) and mandate the application of the higher standard in cases of

conflict.

B | ocal Government-Led Integrated Safety Governance

To address regulatory fragmentation, local governments must be mandated to formulate
integrated safety management plans that reflect compound risks. The study recommends
institutionalizing cross-regulatory reviews during permitting processes and developing

local-level safety manuals to address legal gaps identified in judicial cases.

® Conclusion and Research Limitations

The study empirically demonstrates, through LLM-based analysis, that the fragmented
structure of existing legislation generates significant normative contradictions. However,
limitations include the scope of safety domains analyzed and the need to further enhance the
ontology to capture temporal and multi-layered legal dynamics. Future research is directed
toward developing an advanced legislative ontology and establishing a “Coherence Impact

Assessment System” for pre-legislative conflict evaluation.

Keywords

Integrated Living Safety; Legislative Coherence Analysis; Artificial Intelligence (Al); Spatial-Environment Unit;
Compound Risk Overlap
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import json

from openai import OpenAl
import csv

from typing import List, Dict, Any
import os

import time

import requests

# OpenAl API 7] A%
API KEY ="

# OpenAl Z2}o|IE 27|53}
client = OpenAl(api_key=API_KEY)

def load_json_data(file_path: str) -» Dict[str, Anyl:
"JSON & ZER Tk

with open(file_path, 'r', encoding="utf-8') as f:
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return json.load(f)

def extract_paragraphs_and_items(data: Dict[str, Anyl) -» List[Dict[str, Anyll:
"JSON dlolelell A B & Hng 22Tt
extracted_data =[]

for article_title, article_content in data.items():
paragraphs = article_content.get("&", {})
items = article_content.get("2", {})
article_items = article_content.get("Z_3", [1)

# 7+ 3ol sl A8 (& W8] 3= 3R
for para_num, para_content in paragraphs.items():
if para_content: # ¥ Uj-&o] Q1= 3%
# o o] & & 2] (3 W2et AR5t 5)

para_items = items.get(para_num, [])




extracted_data.append({
"article_title": article_title,
"article_number": article_title.split("(")[0],
"paragraph_number": para_num,
"paragraph_content": para_content,
"items": para_items

)

rr
P
r1u
rlo
é
L

# 2 S APoHA % (o] ¢l
return extracted_data

def create_system_prompt() - str:

""OpenAl API-& system prompts gt

return "HALS Y% ZEE SPOEER], A&, BHo]) 722 EAjst AEIAUT, 2 28
ofge] JSON F-z] wle} sPOGRo], Ao, BHo]), 271, & JuE TSN
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"2.TASH A 22 A 23 A 2330 whE W APEFI)A A’
3. TAZEH ARZRA A 2450 w2 24} - FAAA"

"4, TR, ARERA AT e R gt S5,
"5. 1 B8P F o2 Fohe ASE

B

def create_user_prompt(article_title: str, article_number: str, paragraph_number: str,
paragraph_content: str, items: List[str], law_name: str) -) str:
""OpenAl APl user promptE AT ™"
# 18 dlo|E€lE JSON Jei & 14
input_data = {
"HEY" law_name,
"ZE AE" article_title,
"ZE HT" article_number,
"g} M 3" paragraph_number,
"WJ-&": paragraph_content,

"=,

2 items

return £ £2-2 9] JSON F4l0] 9 TEBAIA Q. PR BE 247} 722 wgglo] SPOR
EASH L. el hgo] Arf glol At shEyek:

{json.dumps(input_data, ensure_ascii=False, indent=2)}
JSON FA]o=at -SeatA 8.

def create_batch_input_file(extracted_data: List[Dictlstr, Anyll, law_name: str) -) str:
"R Y oS AR o
system_prompt = create_system_prompt()

batch_data =[]

for i, item in enumerate(extracted_data):
user_prompt = create_user_prompt(

iteml['article_title'],

item[ article_number'],

item[ paragraph_number'],

item[ paragraph_content'],

[
[
[
item['items'],

law_name

batch_data.append({
"custom_id": f'request-{i+1}",
"method": "POST",




noon

"url": "/v1/chat/completions’,
"body": {
"model": "gpt-40",
"messages": [
{"role": "system", "content": system_prompt},

{"role": "user", "content": user_prompt}
1,
"temperature": 0.1,
"max_tokens": 2000

b

# W £ JSONL o2 A%
base_directory = "FILE_PATH"
law_directory = os.path.join(base_directory, law_name)

# Z07} gloH 44
if not os.path.exists(law_directory):

os.makedirs(law_directory)

#JSONL =+ A= 44

temp_file_path = os.path.join(law_directory, f'batch_input_{law_name}.jsonl")

with open(temp_file_path, 'w', encoding='utf-8'") as f:
for item in batch_data:
json_line = json.dumps(item, ensure_ascii=False)
f.write(json_line + '\n")

print(f'E {len(batch_data)}7l} ¥=o0] JSONL T}do]] AA= A5t {temp_file_path}’)
return temp_file_path

def upload_file_for_batch(file_path: str) =) str:
"o APL T PRERE™
try:
with open(file_path, 'rb') as f:
response = client.files.create(
file=f,
purpose='batch'
)
return response.id
except Exception as e:
print('TY AZE Aldf: {e}")
return None

def create_batch_job(input_file_id: str) -) str:

B o TR I = R T e
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try:
response = client.batches.create(
input_file_id=input_file_id,
endpoint="/v1/chat/completions’,
completion_window="24h"
)
return response.id
except Exception as e:
print(f'Hi 2] 2] A3/ Af: {e}")
return None

def check_batch_status(batch_id: str) -) Dictlstr, Anyl:
muA] Al Sholghc ™
try:
response = client.batches.retrieve(batch_id)
response_dict = response.model_dump() if hasattr(response, 'model_dump') else
dict(response)

request_counts = response_dict.get('request_counts’, {})

return {
"id": response_dict.get('id"),
"status": response_dict.get('status"),
"total_requests": request_counts.get("total", 0),
"completed_requests": request_counts.get('"completed", 0),
"failed_requests": request_counts.get('failed", 0)

}

except Exception as e:
print("Hl 2] e 1 Auf: {e})
return None

def download_batch_results(batch_id: str) -) List[Dictlstr, Anyll:
"R 23S ke R ERe.
try:

response = client.batches.retrieve(batch_id)

if response.output_file_id:
file_content = client.files.content(response.output_file_id)
results =[]

# JSONL 1+ A
line_count =0
success_count = 0

error_count = 0

for line in file_content.iter_lines():
if line:

line_count +=1




try:
# line©] oJu] EX}Yo|E & decode IR

line_data = json.loads(line)

# vlj %] A3} o] 9HA 74
response_data = line_data.get('response’, {})
status_code = response_data.get('status_code")

response_body = response_data.get('body’, {})

#2353 855 A2
if status_code == 200:
success_count += 1

# OpenAl SHoIA AA 23 =&
if 'choices' in response_body and len(response_bodyl['choices']) ) 0:

content = response_body[' choices'][0]['message'l[' content']

#ulacke I B2 A7
cleaned_content = content.strip()

if cleaned_content.startswith('"“json'):
cleaned content = cleaned_content(7:]

if cleaned_content.endswith('"™"):
cleaned_content = cleaned_content[:-3]

cleaned_content = cleaned_content.strip()

try:
# JSON THA]
structured_data = json.loads(cleaned_content)
if isinstance(structured_data, dict):
results.append(structured_data)
elif isinstance(structured_data, list):
results.extend(structured_data)
except json.JSONDecodeError as e:
error_count += 1
else:

error_count += 1

except json.JSONDecodeError as e:
error_count += 1

print(f'E <1 %= {line_count}")
print(f"d33t 27 {success_count}")
print(fA 33t 8 A: {error_count}")
printf"F&H A3 5= {len(results)}")

return results
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else:
prine(¥14] 23} mhelo] o} FHIEA] gk
return (]
except Exception as e:
print(fEi2] 23} &2 & A5 {e})
return []

def process_all_articles_with_batch(json_file_path: str, output_file_path: str, law_name: str):
e e e
#JSON Hlo[E] 2=
data = load_json_data(json_file_path)

# 3 2 HolH &

extracted_data = extract_paragraphs_and_items(data)
print(f"ZE {len(extracted_data)}7§ 9] /5 Hlo|HE wix =2 A ct...")

#HiA] A o A
input_file_path = create_batch_input_file(extracted_data, law_name)
print(fEiA] Y A WA L& {input_file_path}")

#7el gze
input_file_id = upload_file_for_batch(input_file_path)
if not input_file_id:

print(' Y Y=E Auf")

return

printf' Y YZE &= {input_file_id}")

#9172 B4
batch_id = create_batch_job(input_file_id)
if not batch_id:

print("X] 2] A Adf)

return

print("8i %] 2rF A4 &= {batch_id}")

# B2 4= 7]
print("BlZ] A F...")
while True:
status = check_batch_status(batch_id)
if status:
print(f"AEl: {status|'status']}, Y=

{status['completed_requests'l}/{status['total_requests']}")

if status|['status'] in ['completed’, 'failed']:
break




time.sleep(60) # 1&0tch AE] 221

# 23 EEE

results = download_batch_results(batch_id)

# A3 A%
if results:
with open(output_file_path, 'w', encoding='utf-8') as f:
json.dump(results, f, ensure_ascii=False, indent=2)
print(" 237} {output_file_path}ol] AZ=JEHLE")
else:

printCalX] 238 7HAL % giUt)

if _name_ =="__main_ "

import sys

if len(sys.argv) = 2:
print("AF&%: python triple_batch.py (H#E%)")
print("d|A]: python triple_batch.py §H")
sys.exit(1)

law_name = sys.argv[1]
base_directory = "FILE_PATH"

#0d 4= 44
input_file = os.path.join(base_directory, law_name, f'{law_name}.json")

output_file = os.path.join(base_directory, law_name, f'{law_name} %3} gpt_40_0731.json")

if not os.path.exists(input_file):
print(f' % {input_file} TrA-S - 4= Ql5UTH")

sys.exit(1)

print(f"HEY: {law_name}")
print(f'¥= T<Y: {input_file}")
print(f'&2 T<Y: {output_file}")

# ¥jX] APIZ A2

process_all_articles_with_batch(input_file, output_file, law_name)
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B Conflict Batch: B3 45 28 dHEM 25

Off

import json

from openai import OpenAl
import csv

from typing import List, Dict, Any
import os

import time

import requests

import pandas as pd

from collections import defaultdict

# OpenAl API 7] A%
API_KEY ="

# OpenAl S2o|AE 27|35}
client = OpenAl(api_key=API_KEY)

class LegalConflictAnalyzer:
def __init (self, json_file: str = "processed_data_all.json", csv_file: str = "FILE_PATH"):

M3 4% 147] 2713}

M

Args:
json_file: SPO H|o|€]7} Z3HEH JSON T H2
csv_file! idx1, idx2 Hoj7} 223HE CsV o} A=
self.json_file = json_file
self.csv_file = csv_file
self.processed_data = []
self.idx_to_spo_data = defaultdict(list) # idx -y SPO H|o|§| EAE

self.load_data()

def load_data(self):
""]SON % CSV Hloj&| 2™
print(f'Loading JSON data from {self.json_file}")

try:
with open(self.json_file, 'r', encoding='utf-8') as f:

self.processed_data = json.load(f)

#idxE 7|12 sh= 9-Y ] A4 (B2 idx7t o9 7 l& 5= )
for item in self.processed_data:
if 'SPO' in item and item[ SPO']:
for spo in item['SPO']:




idx = spo.get('idx")
if idx is not None:
# SPO H|°]E]ol|A] idx, embedding_idx A|2Jst HEHTF %=}
spo_info = {
‘501" spo.get('FoT', "),
'Al&0]": spo.get( A&l ),
'"E&0]": spo.get( FH0T', "),
'ZA'": spo.get(ZA', "),

'3 spo.get( 2, [I)

# W HEteolE

legal_info = {
"HETY' item.get(HETF', ),
‘2R AE" item.get( Z2E AE, 1),
' HS " item.get(F HE', "),
AL item.get( HH L', )

self.idx_to_spo_datalidx].append({
'spo': spo_info,
'legal': legal_info

D

print(f'Loaded {len(self. processed_data)} legal items with {len(self.idx_to_spo_data)}

unique idx values")

except Exception as e:
print(f'Failed to load JSON data: {str(e)}")

raise

def get_spo_data_by_idx(self, idx: int) -) List[Dict[str, Any]l:

i

£7 idx°] sigst= SPO HlolE vigt

Args:
idx: 3RS idx ZF

Returns:
3 idxQ] SPO HlolE FAE

o

return self.idx_to_spo_data.get(idx, [])

def _spo_list_to_string(self, spo_data_list: List[Dict]) -) str:
"""SPO E]_/_\‘E‘% %X]’gi %i]‘—_““"

spo_strings =[]
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for item in spo_data_list:
spo = item['spo']
spo_str = f'5#0]: {spol' F+01']}, A1&°1: {spol A1&°1']}, H&°l: {spol &EZ{o]']})'
if spo[ 27']:
spo_str += f', 7: {spo[ =A']}"
if spo[' &'

spo_str += ', & {spo[' & ']}
spo_strings.append(spo_str)

return " | ".join(spo_strings)

def create_system_prompt() - str:

""OpenAl API-& system promptS A4t

return ""FAE EAIS U YR 94 &t W 1 BAE A5 45k 1 29
e R EC T

s T 2|4

EASANAL S, W, Haokd, U4 5 Tk 489 2 450] B30 850, o)
Befaks WeSo] of ) RAo] Bakwlo] AT ol 18] W 1 *ATA AL 24T 4
glow, £ thawt 2e WAV ek 4 sy

=

- B A S, B2, B9 EE Bao] HEE ek AR AHHQ G nXA) e
- AEe B o B AR el 3 B RS A ek 278 TR

### AR 2 S A

#app 1. EUT TR A
_MG-P-Q TR Hae

- AP Y (&Y, AR 5o St BEAIE LX)

- SHASPAN: (BT, Z5olof Tk, Waka)
- Ak ] Qe (o UL £0]5Lo)| EA|Y LR E Q 16l v AP A L vl relS
a7

### 2. Aok WA FS
- #*G_P-Q .?L_JZ_ _E_@‘**
A (Kol A, AFdasfiof gt 52)
- SHARPRR: (WA, R o gt HIdEER)
- Ak Ul Z1pEkR] WO X5k Atk B8 AThe @ 5= vhd Aok MBS AR
gHE g

sree 3. 2 AT DA S
- #S-p-Q TLF BA
- ASRA R G AT, XS0k Bk, Bfolw)
- BN (BT, Aok Sk, 7P BT AT A=)
A% W WA M Beolgk AXE 75H: U, BRI ot A guE

8

ol




### 4. CCTV 2 29 T A5
- G-P-Q T Bk
- R FHY: (3559, AAfoF g}, CCTV)
- HE Y (R Y S, DA sfoF g}, F-3t 27)
B (BB, AAsHoF g}, AohE)
- A% W8 HE RS CCTVel 2 AXE Q7oke vhd, Bk a2 ol & AAE
8+

### AA| M 2 330] ofd 94

#a 1. 39 W =X 71838 155 X 7| B9
- ™S-P-0 T2 A

- EAZY 9 7] 5ol T3 HE: (BAISY, FESfoF gt 70% o)) =4 33h

- 5% (ASE, AA o} gtk ¥¥ 71E0] B 8 ¢ 1)
- SRR e F ‘ﬁ%%* %ol ofet A4S BAAQl TA YU ZATUHL ZA FAEd
A9 HAi HlES @3}% 9] ¥2o]a éﬁﬂ& A2 FestA] o= HLDW 30%2]
H|Z- LA A 2R 141°ﬂ*1 A5E0] wptok & 7L AU &, T W AE5E2 =4 gF HE&S
A Qg F7ol A== AL AAR ot 2 & ¥ % 5 Ao Zgflof k= B2l 7|E Y YTt

[ox]
N =
- SRR wE T Y2 A2 o9 AR S ey WS A2 A 5=l
gl =

e 27 vH 8-S 9F o2 ek, FAlO eF g A 5 s AR EE
71E@EAE RT = s 7R S FolE AYUT ole ARA Y A8/dE B H
oz, dx 2t gle & 9@ vA8)o] 48HER F Yol A FESh: 4L
YA LTt
#### 3. A 5AG A} B4 39 28 B
- "*$-P-O F-2 B

- AEE: (BA §%/7FEY AFE, XS0 Ak, AFAD)

- A (G5 39 A8 AL TS S QU A5A98 49)
- = AR e £ 2L R 743 1 RS olFste Wl diet Ao BAE AT A
5o FEyth 59519 Aofe MA oRE HAIs T A7 ofy, A= 7]&0l %’%
THE AHESl WA 7IEESADE oBA F2AZ AU l% 7353}-1 Aot FFE YU =,
AOlE B3 ABAD X o7 A7 AA L Ao] ol B g T 232 Exn Ax} HollA 45
B AUt

#a# 4. 1Y HA g 9y Auiabg T
- #G_P-QO :’L}_ /K—]**'
- Fol&HH: (*VJ/?L—’F/?%% HAE BT 5 Aok, PR 271 Qe HIR)
-9 d Aqpr e Agujo] st S5 (A1 AR}, FoT £ ok, AEFEAHARK])
- 27 ek RS A8 g 540] %ﬂ A3oHA U sol&gHH o] A HE2
559 S HFok= gk e Ao ol it '8y 24 JuUet. §HH, EH 9
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Hutele obx] TR s g QubAQl Wk e BeH o Y8 s fig Al
S0 A gahs AUk thebd W90 Aeet SR el wet 485l WEo] et A4 A 8ol
FEo] WA ek

PEREL
1 A|E % Yeo] mSpo(ERol-Agol-EHom 128 S0, Hg WY »2, 5, WEY, 28
A= § W5, AL~ 52 SWH o2 nslel ¥ 7 BAS FusiA BA A8,

### 24 23
o ] GAIE whet A AZ o1 dIEA B FAL

1. **71— @E]g] HA—] tH/J— _,] *‘ﬂ/‘l:] 1,H_Q_ Jq.ol-**
- W A B4 O BRI Ee B A g R0l T8 Uk I W ES A7t
- A B, A U BE, A8 19 52 8] oot

N
3

2. “ZE} Hol g BA-
-5 o] B A o] ThR A, B2k, ARe] BE AT Aol

- A B B A AAY B S

- A A A WY S G HTAE

B9 B4 it FiEo| FAlo H-8= = AA A% 7MY
ZH 350 BT = Qe FAIE AluE e
ARxo] 2wt 4= Q1= daui sl EA]
4. > RAETVE T whe
- 9]9] BX S Z3}5]0] WA BE (BT, AlX)

- T A A A AA
- AEA XAl A HESE Aok

24 AHe the 3} o] TasHste] AN AL

[pred] : A% E= T34
fexpll : PRI B4 23t 2 98 SAS AEA BHIA A2

### &Y A




[pred] : A&
lexpll : FAISE &4 At 9 Tk ZAE JAE7H oA A<l

[pred] : T4
lexpl] : PIAISH 4 At & Bt} ZAE AE/HE THAA A&l

o|A] o AAE T Mo AHE HietoZ 9] x| o whak »A s}y AE Aol WY
BAG S AL

def create_user_prompt(spo_datal: List[Dict], spo_data2: List[Dict]) =) str:
""OpenAl API-& user promptE A&t
if not spo_datal or not spo_data2:

return

legall = spo_datal[0l['legal'l
legal2 = spo_data2([0]['legal'l

# SPO JEE EAE 2 W3t

spol_str =

Spo2_str =

for item in spo_datal:
spo = item['spo']
spo_str = f'50]: {spo[' F°]'l}, A&0]: {spol' A1&°]']}, & 0]: {spol &Zo]']}"
if spo[ &A']:
spo_str += f', ZA: {spo[ ZA'}"
if spo['2']:
spo_str += f', 3. {spo[' Z']}"

spol_str += spo_str +" |

for item in spo_data2:
spo = item['spo']
spo_str = f'S0]: {spo['F=0]1']}, A|&0]: {spo[ A&°]']}, & 0: {spo[ EFZo]']}"
if spol[' 27']:
spo_str += ', ZA: {spo[ ZA']}"
if spo[' &']:

spo_str +=f', &: {spo[ &']}"

spo2_str += spo_str + " |
return f""### 24 A} HY

HH A {legal [ HES' 1™
2 E AE {legall[ ZE A&
=&t WS {legal1['F HE T+

211

JH

Y T 2 Ho AT 0xro%ox OWIE rErE rAronox



NG L: {legal1[ A L' 1}
212 SO TLFe:
{spol_str}

= B: {legal2[ HEY '
R B AR {legal2[ T8 A=
gt MG {legal2[ T HZ P
7N L: {legal2l 7HH L T
Ne) ?_}_:**

i

{spo2_str}

def create_batch_input_file(analyzer: LegalConflictAnalyzer) -) str:
"R A S Ao
system_prompt = create_system_prompt()

batch_data =[]
print(f'Loading CSV pairs from {analyzer.csv_file}")
try:
df = pd.read_csv(analyzer.csv_file)
print(f'Loaded {len(df)} pairs from CSV")
except Exception as e:
print(f'Failed to load CSV data: {str(e)}")

return None

pair_count = 0

Ir@ M 0xoox Horf oNrorNOok 10 H 2 E rxroukoz FO-H ofonkt ofr >okire

for idx, row in df.iterrows():
try:

idx1 = int(row['idx1'])

idx2 = int(row['idx2'])

# 3 idx®] SPO H|oJE 7H4 Q7]
spo_datal = analyzer.get_spo_data_by_idx(idx1)
spo_data2 = analyzer.get_spo_data_by_idx(idx2)

if not spo_datal or not spo_data2:
print(f"Missing SPO data for idx1={idx1} or idx2={idx2}")

continue

user_prompt = create_user_prompt(spo_datal, spo_data2)
if not user_prompt:

continue




body = {

"model": "03",

"input”: [
{"role": "system', "content": system_prompt},
{"role": "user", "content": user_prompt},

1,

# 038 o THetolE

"reasoning': {"effort": "medium"},

"max_output_tokens": 3000,

"store": False,

noon

"metadata”: {"task": "legal-conflict-batch"}

batch_data.append({
"custom_id": f'request-{pair_count+1}",
"method": "POST",
"url": "/v1/responses’,
"body": body
b

pair_count += 1

except Exception as e:
print(f'Error processing pair {idx}: {str(e)}")

continue

#JSONL Tt A= A4 (@dgol E¢ W3 57h
folder_num = os.path.basename(analyzer.csv_file).split('_")[-1].split(".")[0]
temp_file_path = f"jsonl/batch_input_legal_conflict_{folder_num}.jsonl"

with open(temp_file_path, 'w', encoding="utf-8') as f:
for item in batch_data:
json_line = json.dumps(item, ensure_ascii=False)

f.write(json_line + "\n")
print(f'% {len(batch_data)}7} Ho]7} JSONL dof] A& A<5UT}: {temp_file_path}")
return temp_file_path

def upload_file_for_batch(file_path: str) -) str:
""HjX] APLE otYE R
try:
with open(file_path, 'rb') as f:
response = client.files.create(
file=f,
purpose='batch'
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return response.id
except Exception as e:
print(f' T YZE A {e}")

return None

def create_batch_job(input_file_id: str) -) str:
ulA] 2hete AR
try:
response = client.batches.create(
input_file_id=input_file_id,
endpoint="/v1/responses’,
completion_window="24h"
)
return response.id
except Exception as e:
print(f"Bl 2] 2 A A {e})
return None

def check_batch_status(batch_id: str) -) Dict[str, Any]:
" R] AEE SRl T
try:
response = client.batches.retrieve(batch_id)
response_dict = response.model_dump() if hasattr(response, 'model_dump') else
dict(response)

request_counts = response_dict.get('request_counts’, {})

return {
"id": response_dict.get("id"),
"status": response_dict.get('status"),
"total_requests": request_counts.get("total", 0),
"completed_requests”: request_counts.get('"completed”, 0),
"failed_requests": request_counts.get('failed", 0)

}

except Exception as e:
print(fHl 2] AFE] &l Adf: {e}")

return None

def download_batch_results(batch_id: str) -) Dictlstr, Dictlstr, Anyll:
"R AE R EEd YT
try:
response = client.batches.retrieve(batch_id)
print(f"8f %] -3F: {response}")

# o8] mo] 9o A el
if hasattr(response, 'error_file_id') and response.error_file_id:
print(f'oll& o+ ID: {response.error_file_id}")




try:
error_content = client.files.content(response.error_file_id)
print('=== o3| A Y& ===
# 1kl Y] oln] A1l Tl
if hasattr(error_content, 'iter_lines'):
for line in error_content.iter_lines():
if line:
if isinstance(line, bytes):
print(line.decode( utf-8"))
else:
print(line)
else:
# olm] ZAEQl A+
print(error_content)
print("=== ol oY & ===")
except Exception as e:
print(f"ll2] T 97| Af: {e}")
import traceback

traceback.print_exc()

if response.output_file_id:
file_content = client.files.content(response.output_file_id)
results = {} # custom_idE 7|2 o= AU E HH

# JSONL T} 1A
line_count =0
success_count = 0

error_count = 0

for line in file_content.iter_lines():
if line:

line_count += 1

try:

line_data = json.loads(line)

# custom_id =&

custom_id = line_data.get('custom_id', ")

# vl| x| 23} FLxo] 2A =7
response_data = line_data.get('response’, {})
status_code = response_data.get('status_code")

response_body = response_data.get('body’, {})
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if status_code == 200:

success_count += 1

# Responses APIO| A= output G4 2 714
if 'output’ in response_body and len(response_body[ output']) ) 0:
# output H] GOl message BIYQ| 5 317
for output_item in response_body[ output']:
if output_item.get('type') == 'message' and 'content’ in output_item:
content_list = output_item[ content']
for content_item in content_list:
if content_item.get('type') == 'output_text':

content = content_item.get('text’, ')

# A3} 144
result = parse_legal_relationship_response(content)
if result:
results[custom_id] = result
break
else:
print(3h 34 )
break
else:
print('output®] AL B3-S
print(f'response_body: {response_body}")
else:

error_count += 1

except json.JSONDecodeError as e:

error_count += 1

print(f'% 221 % {line_count}")
print(f"’d53 27 {success_count}")
print(f"A 53t 37 {error_count}")
printfF&H A3 5 {len(results)}")

return results
else:
print("B| %] A} wtJo] opA] FH|E|Z] oFrFUTE")
return {}
except Exception as e:
print(fHlX] A3} 22 E Af: {e})

return {}

def parse_legal_relationship_response(response_text: str) -) Dictlstr, Anyl:
" A 4 e g

import re




nli_result = "Unknown"

# 8 HAE R 207 35 (0] FL A9 A

text_prefix = response_text[:min(20, len(response_text))].lower()

# 7taoHA 7191 2 of fat &l
if "A&" in text_prefix:

nli_result = "A="
else:

nli_result = "F-3A"

# A 22 o ol Q54 &S - AA SH HAEE I =E A&
return {

'response_text': response_text,

'relationship': nli_result

def process_legal_conflicts_with_batch(analyzer: LegalConflictAnalyzer, output_file: str =
"legal_relationship_analysis_batch_0.csv"):

"rah7) APES A8 1ol W 45 BT

print("=== 03 Batch API 3 A& £4 A|Z} ===")

# 11 4 o B4
input_file_path = create_batch_input_file(analyzer)
if not input_file_path:

print("HA] 4= =t Fg Adf)

return

print(f"BiX] Y& A WA &= {input_file_path}")

#0d A=C
input_file_id = upload_file_for_batch(input_file_path)
if not input_file_id:

print('Y PEE A’

return

print(f @Y J2E L7 {input_file_id}")

EEECR
batch_id = create_batch_job(input_file_id)
if not batch_id:

print("8i =] 2 A5/ A=)

return
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print("8i 2] 2rF A4 &= {batch_id}")

# i x] &= 7]
print("8Z] A F...")
while True:
status = check_batch_status(batch_id)
if status:
print(fAYEl: {status['status'l}, F=:

{status['completed_requests']}/{status|'total_requests']}")

if status['status'] in ['completed’, 'failed']:
break

time.sleep(30) # 30ZT}c} AFE] &2l

#2439 heRE
results = download_batch_results(batch_id)

# AWE csVE A%+
if results:
#Csv g A9
csv_headers = [
idx1', 'idx2', "HERL, REAEL, PHSL, 7FLL, 'SPOL,
HER2, 'REAEL, 'PHB2, TP Y2, 'SPO2,
'SHEHIAE' A RL AT

# CSV ool A3t A%
with open(output_file, 'w', newline="", encoding='utf-8-sig') as csvfile:
writer = csv.DictWriter(csvfile, fieldnames=csv_headers)

writer.writeheader()

# CSV glojg] 238} idx AR =7}

df = pd.read_csv(analyzer.csv_file)

for i, (idx, row) in enumerate(df.iterrows()):
try:
idx1 = int(row['idx1'])
idx2 = int(row['idx2'])

# custom_id 234 (H1#] L= ot} 5L F4)
custom_id = f'request-{i+1}"

# 3 idx2] SPO H|o]E 714 9.7
spo_datal = analyzer.get_spo_data_by_idx(idx1)
spo_data? = analyzer.get_spo_data_by_idx(idx2)




if spo_datal and spo_data2:
legall = spo_datal[0]['legal'l
legal2 = spo_data2[0]['legal'l

# SPO JHE ZAL=E HE
spol_str = analyzer._spo_list_to_string(spo_datal)

spo2_str = analyzer._spo_list_to_string(spo_data2)

# custom_id=2 23} 2H7]

result = results.get(custom_id, {})

csv_row = {
'idx1": idx1,
'idx2": idx2,
"HEY1" legall[HEY'],
ZEAEL legall[ 2E AF,
"FHS1": legal [T WS,
TNELL' legal 1l 71 L],
'SPO1": spol_str,
"HE2 legal2[ HET'],
ZEAEL" legal2] 2F A&,
"GHT2': legal2[ F S,
TN L2 legal2[ 717 2],
'SPO2": spo2_str,
'SHEIAE": result.get('response_text', '),
'IAEA AT result.get('relationship’, ')

writer.writerow(csv_row)
else:

# SPO H°o[E|7} i A% ¥l o= 27

csv_row = {
"idx1': idx1,
'idx2": idx2,
HEHL
FEAEL
PREL
ThRLL
'SPO1": ",
Mgy

N
n
2,
1
N

pon
ggEAE
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ARG LY
}

writer.writerow(csv_row)

except Exception as e:
print(f'Error processing row {i}: {str(e)}")

continue

print(f" 237} {output_file}ol] AF=AEHTE")
else:

print(¥3] ZHE AL % g

def main():

mmu;"c‘)l /gﬁ_g T—ﬁ_zl\_mm

print("=== 03 Batch APl H¥ A& &4 A& ===")

# HPE QA el

import sys

if len(sys.argv) » 1:
#1td HS 7ER Q7]

folder_num = int(sys.argv[1])

#CSV oY A2 4%
csv_file = f'FILE_ PATH"
output_file = f'FILE_PATH"

if not os.path.exists(csv_file):
print(f 2 o] 24512 5 Utk {csv_file}')

return

# W9 4T 2471 2718t

analyzer = LegalConflictAnalyzer(csv_file=csv_file)

Ol

# B 2] APIZ H¥ 43 24 43

process_legal_conflicts_with_batch(analyzer, output_file)
else:

print("AF&-¥: python overlap_conflict_batch.py [FLHS]")

print("d|A]: python overlap_conflict_batch.py 1)

# o A= Ay (FAA)

# csv_file = "FILE_ PATH"

# output_file = "legal_relationship_analysis_63.csv"
#

# if not os.path.exists(csv_file):

#  print(f'TLo] 2AHA] LHUE: {csv_file}")

# return




#

# # {1 A5 £47] 2713

# analyzer = LegalConflictAnalyzer(csv_file=csv_file)

#

4 902) APIZ W A 24 A3

# process_legal conflicts_with_batch(analyzer, output_file)

print(f'=== 03 Batch APl H¥ A5 B4 &7 ==="

if name =="_ main "

main()
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B Similarity Analysis: SPO 7|8t H&H QAE 24 D=

import json

import numpy as np

import torch

from sklearn.metrics.pairwise import cosine_similarity
from sklearn.feature_extraction.text import TfidfVectorizer
import pandas as pd

from tqdm import tqdm

import os

from scipy.sparse import csr_matrix

def load_embeddings():
"W g AES 2 e ™
print('YHd GAEE 25k 5...")
# 0] Hgd 2=
subject_embeddings = torch.load('embeddings_all/subject_embeddings_all.pt")

s 210 Qe 2
object_embeddings = torch.load(' embeddings_all/object_embeddings_all.pt")

# A&o] gHd 2=
predicate_embeddings = torch.load('embeddings_all/predicate_embeddings_all.pt")

return subject_embeddings, object_embeddings, predicate_embeddings

def load_tfidf vectors():

""TE-IDF HE &g 2= ™

print(TE-IDF HIE|ES 2Esle 2 ")

# o] TF-IDF 2&E

subject_data = np.load('tfidf_results_all/subject_tfidf_all.npz')

subject_tfidf = csr_matrix((subject_datal data'l, subject_datal'indices'], subject_datal'indptr']),
shape=subject_datal'shape'l)

# &E2o] TF-IDF 2&

object_data = np.load('tfidf_results_all/object_tfidf_all.npz')

object_tfidf = csr_matrix((object_datal'data'l, object_datal'indices'l], object_datal'indptr']),
shape=object_datal'shape'l)

# X&o] TF-IDF 2%
predicate_data = np.load('tfidf_results_all/predicate_tfidf_all.npz')
predicate_tfidf = csr_matrix((predicate_datal'data'l, predicate_datal'indices'],

predicate_datal'indptr']), shape=predicate_datal'shape'l)

return subject_tfidf, object_tfidf, predicate_tfidf




def load_spo_data():
""embeddings/data.json®l|4] SPO H|o|E & EEJ Tt
print("SPO HIo|HE Z2Es5k= F...")

with open('/nas/user77/workspace/Project/ 7158 A7-Y/0724/processed_data_all.json’, 'r',

encoding='utf-8') as f:
data = json.load(f)

4 SPO HOElo4 Fol, BHo], Aol HAE 23
subjects =[]

objects = []

predicates = []

idx_list =[]

embedding_idx_list = []

for item in tqdm(data, desc="SPO H|°]&] A&]"):

if 'SPO' in item and len(item[' SPO']) ) 0:
spo = item['SPO'][0] # & A SPO TFE= AL
subjects.append(spo.get('F°]', "))
objects.append(spo.get( ZZ o], ")
predicates.append(spo.get(' A]&0]', "))
idx_list.append(spo.get('idx’, -1))
embedding_idx_list.append(spo.get('embedding_idx', -1))

else:
subjects.append('")
objects.append('")
predicates.append('')
idx_list.append(-1)
embedding_idx_list.append(-1)

return subjects, objects, predicates, idx_list, embedding_idx_list

def calculate_similarity_matrix(embeddings, method="cosine'):

Qg 7ke] SAHE YR ARRIITH (xn).

if method == 'cosine':
# TARL FAE A4
similarity_matrix = cosine_similarity(embeddings)

else:
# 2 E A AL AlElo| By fALEE ¥
distances = np.linalg.norm(embeddings[:, np.newaxis] - embeddings, axis=2)

similarity_matrix = 1 / (1 + distances)
return similarity_matrix
def get_high_similarity_pairs_optimized(similarity_matrix, idx_list, embedding_idx_list,

threshold=0.98, exclude_self=True):
" 5] HE sl Wi o 2 A gk o] A0] AL =S =Eoh
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n = similarity_matrix.shapel0]

# HESHE A4to 2 QAIRE odel f1A] 27

if exclude_self:
# tZHdE 022 AAsto] A7) A4lTe] FAE A9
similarity_matrix_copy = similarity_matrix.copy()
np.fill_diagonal(similarity_matrix_copy, 0)

else:

similarity_matrix_copy = similarity_matrix

# AR7E AT AL8Bl0] B2 A HA] (22D
# ARt O] QlElan 23
upper_triangle_indices = np.triu_indices(n, k=1) # k=1Z thZ}41 A<

upper_triangle_values = similarity_matrix_copylupper._triangle_indices]

# AAGL o1 Y= 2]
high_sim_mask = upper_triangle_values »= threshold
i_indices = upper_triangle_indices[0][high_sim_mask]

j_indices = upper_triangle_indices[11[high_sim_mask]

# 583k g A HY] el AET dEHH
valid_mask = (i_indices ¢ len(idx_list)) & (j_indices ¢ len(idx_list))
i_indices = i_indices[valid_mask]

j_indices = j_indices[valid_mask]

# idx FES HEIHE Ao 2 A4
idx1_array = np.array([idx_list[i] for i in i_indices])

idx2_array = np.array(lidx_list[j] for j in j_indices])

# 22 idx B AA 2 A idxT DHY
different_mask = (idx1_array != idx2_array) & (idx1_array != -1) & (idx2_array != -1)
idx1_array = idx1_arrayldifferent_maskl]

idx2_array = idx2_array[different_mask]

# setQ & Wgsto] FE A7 (Z2 o] o8] 244 TAE= F9)
pairs = set()

total_pairs = len(idx1_array)

if total_pairs » 0:
for idx1, idx2 in tqdm(zip(idx1_array, idx2_array),

total=total_pairs,
desc=f"8 A= (YAgk: {threshold))",
unit="4",
leave=False):

# JEE BoE A%t (1,29 2,1) 55 WA

pairs.add(tuple(sorted([idx1, idx2])))




return pairs

def main():

"““U{| c‘>—1 T—)J——T—""“
# similarity_results Z¢] 34
os.makedirs('similarity_results', exist_ok=True)

os.makedirs('similarity_results_all', exist_ok=True)

# o8 2=

subject_embeddings, object_embeddings, predicate_embeddings = load_embeddings()

subject_tfidf, object_tfidf, predicate_tfidf = load_tfidf_vectors()

subjects, objects, predicates, idx_list, embedding_idx_list = load_spo_data()

print("FAHE FBS A= 5.

o

# 50| AH|g KAHE A4 (S-9)
print('F0] UHP FAKE A4t 5.
subject_embedding_similarity = calculate_similarity_matrix(

subject_embeddings.numpy()

# B0 QWY SALE A (0-0)
print(‘"&& o] AUHF FAE ALt F...")
object_embedding_similarity = calculate_similarity_matrix(

object_embeddings.numpy()

# A&o] AdHg FALE AAL (P-P)
print('Al&o] AHF FALE AL F...")
predicate_embedding_similarity = calculate_similarity_matrix(

predicate_embeddings.numpy()

# 0] TF-IDF -F-AHE AAE (S-S)
print("Z20] TF-IDF SAHE AAF &)

subject_tfidf_similarity = calculate_similarity_matrix(subject_tfidf)

# Z-2| 0] TF-IDF -F-AH= A4t (0-0)
print("&-2 0] TF-IDF AT AALZ...")

object_tfidf_similarity = calculate_similarity_matrix(object_tfidf)

# A <o] TF-IDF RALE A4t (P-P)
print('A1%€°] TE-IDF SALE A4 2.7
predicate_tfidf_similarity = calculate_similarity_matrix(predicate_tfidf)
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print( LHAHE BAES FE5H= 5.

& A SUAS S APE U2 BA
with tqdm(total=5, desc="21-FAE % =", unit="A") as pbar:

# 320]-F=0] YW FAE 0.6 ORI = 5=

pbar.set_description("5:0] YH|d FALE B & 3

subject_embedding_pairs =
get_high_similarity_pairs_optimized(subject_embedding_similarity, idx_list, embedding_idx_list,
0.6)

pbar.update(1)

pbar.set_postfix({"F-0] YHIE %" len(subject_embedding_pairs)})

# Agol-Al&o] UHF FAHE 0.6 ORI BE &

pbar.set_description("Al&0] YWD FAE % = 5

predicate_embedding_pairs =
get_high_similarity_pairs_optimized(predicate_embedding_similarity, idx_list,
embedding_idx_list, 0.6)

pbar.update(1)

pbar.set_postfix({"4]&0] Y 24" len(predicate_embedding_pairs)})

# A&0]-A&0] TF-IDF SAHE 0.6 ORI AE &

pbar.set_description("A|%&©°] TF-IDF SAIE & & F)

predicate_tfidf pairs = get_high_similarity_pairs_optimized(predicate_tfidf_similarity,
idx_list, embedding_idx_list, 0.6)

pbar.update(1)

pbar.set_postfix({"4]&°] TF-IDF &": len(predicate_tfidf_pairs)})

# B2 o]-FZo] ug JALE 0.6 oI BE &

pbar.set_description("5& 0] Y| FALE 4 & )

object_embedding_pairs =
get_high_similarity_pairs_optimized(object_embedding_similarity, idx_list, embedding_idx_list,
0.6)

pbar.update(1)

pbar.set_postfix({"ZEZ o] UM 24" len(object_embedding_pairs)})

# &2 0]-52]of TF-IDF -FAE 0.6 oAl A= —’T‘—%

pbar.set_description("&4 0] TE-IDF |AIE & & &)

object_tfidf_pairs = get_high_similarity_pairs_optimized(object_tfidf_similarity, idx_list,
embedding_idx_list, 0.6)

pbar.update(1)

pbar.set_postfix({"Z2 0] TF-IDF &": len(object_tfidf_pairs)})

# 3 WA 274: (Y99 P )= 0.6 AND TF-IDF P )= 0.6) AND (¥¥]Q O »= 0.6 AND TF-IDF O )=
0.6)

first_condition_pairs = (predicate_embedding_pairs & predicate_tfidf pairs) &
(object_embedding_pairs & object_tfidf pairs)




# 2% A3k (YHID S )= 0.6) AND A ¥1A| =4

all_high_similarity_pairs = subject_embedding_pairs & first_condition_pairs

print(f'Fo] WP S-AHE 0.6 °JAF % 7<= {len(subject_embedding_pairs)}")

print(f'Al&0] AWM P FALE 0.6 o4} & 75 {len(predicate_embedding_pairs)}")

print(f'A1&°] TF-IDF S-AHE 0.6 o4 & 7H<4=: {len(predicate_tfidf_pairs)}")

print(f'&-& 0] AHF FALE 0.6 14 & 75 {len(object_embedding_pairs)}")

print(f"&-& o] TF-IDF F-AHE 0.6 ©]4F % 7%= {len(object_tfidf_pairs)}")

print(f3 AR 27 (Y¥9F P )= 0.6 AND TF-IDF P »= 0.6) AND (¥ O )= 0.6 AND TF-IDF
0 »=0.6)) % 7I%: {len(first_condition_pairs)}")

print('#E A7} (I¥IF S )= 0.6 AND A WA ZA): {len(all_high_similarity_pairs)}")

# 23 Hojg T g oz Wl
print(2IE dloHZ Yoz Helsh= F..")

all_results = []

# idxE 9AER migsk= 9AYY A4 (B X3
idx_to_text = {}
for i, orig_idx in enumerate(idx_list):
if orig_idx != -1:
idx_to_text[orig_idx] = {

'subject’: subjectslil,

'object': objectslil,

'predicate’: predicatesli]

# 7 R Ay 271
for idx1, idx2 in tqdm(all_high_similarity_pairs, desc="23} A&]"):
# o® oA L2 AgQ1A] E2l
methods = []
if (idx1, idx2) in subject_embedding_pairs or (idx2, idx1) in subject_embedding_pairs:
methods.append('F°]_UH|F_0.6")

if (idx1, idx2) in predicate_embedding_pairs or (idx2, idx1) in predicate_embedding_pairs:

methods.append("A&o]_Y¥Id_0.6")

if (idx1, idx2) in predicate_tfidf_pairs or (idx2, idx1) in predicate_tfidf_pairs:
methods.append("A<€°]_TF-IDF_0.6")

if (idx1, idx2) in object_embedding_pairs or (idx2, idx1) in object_embedding_pairs:
methods.append("&-Zo]_IH|d_0.6")

if (idx1, idx2) in object_tfidf_pairs or (idx2, idx1) in object_tfidf_pairs:
methods.append("&2o]_TF-IDF_0.6")

# ol idxoll sfiFoh= HAE 27| (AU AMHEC R Z5 )
text] = idx_to_text.get(idx1, {'subject’: "', 'object': ', 'predicate’: ''})

"o

text2 = idx_to_text.get(idx2, {'subject’: "', 'object: "', 'predicate’: ''})
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result = {

228 idx1'r idx1,
'idx2': idx2,
'subject_text1': text1['subject'],
'object_text1': text1[ object'],
'predicate_textl': textl[ predicate'l,
'subject_text2': text2[ subject'],
'object_text2': text2[ object'],
'predicate_text2': text2[ predicate'l,
'methods': ' | '.join(methods)

}

all_results.append(result)

# AIE A%

print(" 235 otU o] AAokE 5"

results_df = pd.DataFrame(all_results)
results_df.to_csv('FILE_PATH', index=False, encoding="utf-8-sig")

print(™\nZ 7} FILE_PATH®] A= 5Tt
print(f'% {len(results_dH}7} Q] 173 o] WA= AFHUTE")
if _name__ =="__main_ "

main()
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