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Χ ᾿%5¨:-% ῟(᾿·Γµ%!(/2 =5΄%-῾% ῟(=5=΅·. !*· =᾿῾῟5%-* !Γ· 4=΄.·Γ· Β·Γ--(/)· 4¨-
·!Α·Γ· (LLMs) -!¨ ῟῾/%(¨, µ= Αµ∆%-* -!(+ ᾿5%/!(/Α+ =∆%5µ¨΄Α+, !(+ !=Θ·(/Α+ ᾿5¨/·2-=(+
/%( !(+ Ο=-µ(/Α+ ᾿5¨=/!.-=(+ !*+ !=Θ·*!2+ ·¨*µ¨-:·*+ -!¨· ·¨µ(/6 !¨µΑ%. 95Θ(/., ᾿%5¨΅-
-(.Σ=!%( !¨ !=Θ·¨·¨΄(/6 /%( /¨(·Γ·(/6 ᾿·%῾-(¨ ᾿¨΅ =᾿(!%Θ:·=( !*· ΅(¨1Α!*-* !Γ· LLMs, =·)
/%1¨5῾Σ¨·!%( ¨( Μ%-(/¨῾ -!6Θ¨( /%( !¨ =5=΅·*!(/6 ᾿=῟῾¨ !*+ µ=·Α!*+.

Χ =5΄%-῾% =-!(.Σ=( -= !Α--=5(+ Μ%-(/¨:+ .;¨·=+ : !*· ·¨µ(/2 %·./!*-* ᾿·*5¨∆¨5῾%+ /%(
%·.·΅-* =΄΄5.∆Γ·, !*· ᾿56Λ·=Κ* ῟(/%-!(/)· %᾿¨∆.-=Γ· µΑ-Γ LLMs, !* Τ%΄῟%῾% =;Α·(;*
!Γ· «Α;΅᾿·Γ·» ῟(/%-!*5῾Γ· /%( !Γ· Κ*∆(%/)· ·¨µ(/)· =5΄%·=῾Γ·, /%( !Α·¨+, -!* -΅΄/5(!(/2
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Χ µ=1¨῟¨·¨΄῾% ᾿¨΅ %/¨·¨΅1=῾!%( -΅·῟΅.Σ=( !* Μ(Λ·(¨΄5%∆(/2 =᾿(-/6᾿*-* ᾿56-∆%!Γ· =5=΅-
·*!(/)· =5΄%-()· µ= !*· %·%·΅!(/2 %;(¨·6΄*-* ῟(=1·)· ᾿=5(᾿!)-=Γ· µ=·Α!*+ (case studies),
%;(¨᾿¨()·!%+ =;=(῟(/=΅µΑ·% benchmarks, %·¨(/!. -:·¨·% ῟=῟¨µΑ·Γ· (datasets) /%( ᾿5%΄-
µ%!(/. ᾿%5%῟=῾΄µ%!% %᾿6 !*· 3΅5)᾿*, !*· 9-῾% /%( !(+ Χ·ΓµΑ·=+ ῭¨·(!=῾=+.

8῟(%῾!=5* Μ%5:!*!% ῟῾·=!%( -!* µ=·Α!* !Γ· !=Θ·(/)· %5Θ(!=/!¨·(/)· (semantic search,
retrieval-augmented generation, hybrid pipelines), -!*· /5(!(/2 =᾿(-/6᾿*-* !Γ· µ=16῟Γ·
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Abstract

This thesis explores the impact of Large Language Models (LLMs) on the legal domain,
emphasizing practical applications, technical challenges, and institutional implications
of artificial intelligence within legal practice. Initially, the technological and social context
accelerating the adoption of LLMs is presented, along with a definition of the primary obje-
ctives and research scope of the study. The thesis concentrates on four main areas: legal
information retrieval and document analysis, judicial decision prediction through LLMs,
the rapid evolution of smart courts and digital legal tools, and finally, the comparative
evaluation, hallucination detection, and measurement of legal accuracy in these systems.
The methodology employed integrates a literature review of recent research articles and a
detailed assessment of international case studies, utilizing specialized benchmarks, open
datasets, and practical examples from Europe, Asia, and the USA. Particular emphasis
is placed on examining technical architectures (semantic search, retrieval-augmented ge-
neration, hybrid pipelines), providing a critical overview of methods for explainability and
control (explainability, auditing, provenance tracking), as well as managing institutional
issues such as the AI Act regulation and the need for institutionally transparent systems.
The results highlight both the technological potential and the risks associated with LLMs
in legal practice, underscoring the necessity for interoperable benchmarks, adaptation to
multilingual environments, enhancement of interpretability, and continuous institutio-
nal oversight. The thesis concludes with specific recommendations for future research,
emphasizing interdisciplinary collaboration between engineers and legal professionals,
the development of international legal datasets, and the creation of practical guidelines
for responsibly adopting artificial intelligence within the legal field.

Keywords

Language Models, Natural Language Processing, Legal Informatics, Legan Decision,
Hallucination Detection, Smart Courts
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Χ ᾿%5¨:-% ῟(᾿·Γµ%!(/2 =5΄%-῾% -*µ%!¨῟¨!=῾ !¨ !Α·¨+ =·6+ %᾿%(!*!(/¨:, %··. =;%(-
Τ=!(/. ΄6·(µ¨΅ /%( -΅·%5᾿%-!(/¨: !%;(῟(¨:. 0%·Α·% 6µΓ+ !%;῾῟( ῟=· =῾·%( µ¨·%Θ(/6, /%(
* ¨·¨/·25Γ-2 !¨΅ ῟=· Ο% 2!%· =∆(/!2 ΘΓ5῾+ !* -!25(;* /%( !*· /%1¨῟2΄*-* ¨5(-µΑ·Γ·
%·15)᾿Γ·, -!¨΅+ ¨᾿¨῾¨΅+ ·()1Γ !*· %·.΄/* ·% =/∆5.-Γ !* Μ%1(. µ¨΅ =΅΄·Γµ¨-:·*.

95Θ(/., Ο% 21=·% ·% =΅Θ%5(-!2-Γ Ο=5µ. !¨· /%1*΄*!2 /. ῭%·%΄()!* ,-.·%/% ΄(% !*·
᾿¨·:!(µ* =΅/%(5῾% ᾿¨΅ µ¨΅ Α῟Γ-= ·% =/᾿¨·2-Γ !*· =5΄%-῾% µ¨΅.

8῟(%῾!=5=+ =΅Θ%5(-!῾=+ ¨∆=῾·Γ -!¨· 75. 4.5(¨ 06·(%5*, !¨΅ ¨᾿¨῾¨΅ * /%1¨῟2΄*-* ΅᾿25;=
/%!%·΅!(/2. Χ ῟(%5/2+ !¨΅ -!25(;*, * ῟(.1=-2 !¨΅ ·% µ¨(5%-!=῾ !* ΄·)-* !¨΅ /%( * %∆¨-῾Γ-2
!¨΅ -= µ(% -΅·=5΄%-῾% ΄=µ.!* Αµ᾿·=΅-*, Α/%·%· !*· =5=΅·*!(/2 %΅!2 ῟(%῟5¨µ2 6Θ( %᾿·)+
=΅/¨·6!=5*, %··. /%( %᾿¨·%΅-!(/2.

0%( Η΅-(/., Α·% ;=ΘΓ5(-!6 =΅Θ%5(-!) %᾿6 /%5῟(.+ -!* ΄΅·%῾/% !*+ ΥΓ2+ µ¨΅, !*· Ν95-
!=µ(+. ΝΧ!%· =/=῾ %᾿6 !*· ᾿5)!* -!(΄µ2 !¨΅ %/%῟*µ%Π/¨: µ¨΅ !%;(῟(¨:, -!*5῾Σ¨·!.+ µ= -=
/.1= ῟΅-/¨·῾%, =·1%55:·¨·!.+ µ= -!(+ %µ∆(Λ¨·῾=+ /%( ᾿%·*΄΅5῾Σ¨·!%+ µ%Σ῾ µ¨΅ /.1= µ(/52
2 µ=΄.·* ·῾/*. ΝΧ!%· ¨ %/·6·*!¨+ Μ5.Θ¨+ µ¨΅, * ᾿΅;῾῟% µ¨΅ 6!%· ΑΘ%·% !¨· ῟56µ¨ -= 6·*
%΅!2 !*· %᾿%(!*!(/2 ῟(%῟5¨µ2.

,Α·¨+, !῾᾿¨!% %᾿6 6·% %΅!. ῟=· Ο% 2!%· =∆(/!6 ΘΓ5῾+ !¨΅+ ΄¨·=῾+ µ¨΅. 9΅!¨῾ ᾿¨΅ 6Θ(
µ6·¨ µ¨΅ Α῟Γ-%· !(+ Μ.-=(+ ΄(% ·% Η!.-Γ Γ+ =῟), %··. /%( µ= -!25(;%· µ= /.1= !56᾿¨—µ=
!*· %΄.᾿* !¨΅+, !*· ΅᾿¨µ¨·2 !¨΅+, !(+ %µΑ!5*!=+ Ο΅-῾=+ !¨΅+ /%( !*· %/·6·*!* ᾿῾-!* !¨΅+
-= =µΑ·%.

῝= %΅!¨:+ ¨∆=῾·Γ Α·% «=΅Θ%5(-!)» ᾿¨΅ ¨( ·Α;=(+ ῟=· %5/¨:· ΄(% ·% ᾿=5(΄5.Κ¨΅·.

912·%, 8¨:·(¨+ 2025
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῾-Π/0·25 1

!2΄·.*.Ν

Χ!=·=΅!%῾% ῟=/%=!῾% Θ%5%/!*5῾Σ=!%( %᾿6 !*· %·µ%!)῟* ᾿56¨῟¨ !*+ !=Θ·*!2+ ·¨*µ¨-
-:·*+ (Artificial Intelligence – AI) /%(, =(῟(/6!=5%, !Γ· 4=΄.·Γ· Β·Γ--(/)· 4¨-

·!Α·Γ· (Large Language Models - LLMs), !% ¨᾿¨῾% ΑΘ¨΅· µ=!%-Θ*µ%!῾-=( Τ(Σ(/. !¨ !¨᾿῾¨ !*+
᾿·*5¨∆¨5(/2+, !*+ =᾿(/¨(·Γ·῾%+, %··. /%( =΅5:!=5%, !¨· !56᾿¨ ¨5΄.·Γ-*+ !*+ /¨(·Γ·(/2+
/%( Ο=-µ(/2+ ΥΓ2+. ,% µ=΄.·% ΄·Γ--(/. µ¨·!Α·% %᾿¨!=·¨:· -2µ=5% !¨µ2 ΄(% !*· =᾿=-
;=5΄%-῾% Η΅-(/2+ ΄·)--%+, µ= =∆%5µ¨΄Α+ ᾿¨΅ ;=/(·¨:· %᾿6 !*· %΅!6µ%!* µ=!.∆5%-* /%(
!*· %·.·΅-* -΅·%(-12µ%!¨+ ΑΓ+ !*· ᾿%5%΄Γ΄2 ᾿=5(=Θ¨µΑ·¨΅ /%( !*· =;%΄Γ΄2 ῟¨µ*µΑ·*+
΄·)-*+ %᾿6 %῟6µ*!% ῟=῟¨µΑ·%. Χ =;Α·(;* %΅!2 ΑΘ=( .µ=-¨ %᾿¨!:᾿Γµ% -!*· /%1*µ=5(·6!*-
!%, !(+ Ο=-µ(/Α+ ᾿5%/!(/Α+ /%( !* ·=(!¨΅5΄῾% !Γ· ῟*µ¨/5%!(/)· ῟¨µ)·.

῝!¨· !¨µΑ% !¨΅ ῟(/%῾¨΅, * !=Θ·*!2 ·¨*µ¨-:·* /%( =(῟(/6!=5% !% LLMs ΑΘ¨΅· 2῟* %5Θ῾-=(
·% =᾿*5=.Σ¨΅· -*µ%·!(/. !6-¨ !¨· !56᾿¨ .-/*-*+ !*+ ·¨µ(/2+ =᾿(-!2µ*+ 6-¨ /%( !* ῟(%-
µ65∆Γ-* !¨΅ ῾῟(¨΅ !¨΅ Ο=-µ(/¨: ᾿·%(-῾¨΅. ῝΅-!2µ%!% ·¨µ(/2+ %·./!*-*+ ᾿·*5¨∆¨5῾%+,
%΅!6µ%!*+ %·.·΅-*+ -΅µΛ¨·%῾Γ·, ᾿56Λ·=Κ*+ ῟(/%-!(/)· %᾿¨∆.-=Γ· /%( ᾿%5¨Θ2+ %΅!¨µ%-
!¨᾿¨(*µΑ·*+ ·¨µ(/2+ ΅᾿¨-!25(;*+ =·!.--¨·!%( ᾿·Α¨· -!*· /%1*µ=5(·2 ᾿5%/!(/2 !Γ· ·¨µ(-
/)· =᾿%΄΄=·µ%!()·. ῭%5.··*·%, * =·-Γµ.!Γ-* !*+ !=Θ·*!2+ ·¨*µ¨-:·*+ -!(+ ῟(/%-!(/Α+
῟(%῟(/%-῾=+ µ= !*· ΅(¨1Α!*-* Α;΅᾿·Γ· ῟(/%-!*5῾Γ· /%( Κ*∆(%/)· -΅-!*µ.!Γ· ῟(/%(¨-:·*+
%·%῟(%µ¨5∆)·=( Τ(Σ(/. !* -ΘΑ-* ᾿¨·῾!* /%( /5.!¨΅+, =᾿*5=.Σ¨·!%+ Υ*!2µ%!% ῟(%∆.·=(%+,
᾿56-Λ%-*+ /%( ·¨΄¨῟¨-῾%+.

Χ %·.᾿!΅;* /%( * ΅(¨1Α!*-* !Γ· LLMs ῟=· =῾·%( µ6·¨ !=Θ·¨·¨΄(/6 Η%(·6µ=·¨, %··. /%(
/%!’ =;¨Θ2· /¨(·Γ·(/6. Χ %΅!¨µ%!¨᾿¨῾*-* !*+ %·.·΅-*+ ·¨µ(/)· /=(µΑ·Γ·, * =᾿(!.Θ΅·-*
!*+ ·2Κ*+ %᾿¨∆.-=Γ· /%( * ῟(=:5΅·-* !*+ ᾿56-Λ%-*+ -= ·¨µ(/2 ΄·)-* ῟*µ(¨΅5΄¨:· ·Α=+
=΅/%(5῾=+, %··. !%΅!6Θ5¨·% =΄=῾5¨΅· -*µ%·!(/Α+ ᾿5¨/·2-=(+. ,% Υ*!2µ%!% =5µ*·=΅-(µ6!*-
!%+, ῟(/%(¨-:·*+, ᾿5¨/%!.·*Κ*+, *1(/2+ /%( ᾿5¨-!%-῾%+ ῟=῟¨µΑ·Γ· %᾿¨/!¨:· /=·!5(/2
-*µ%-῾%, /%1)+ ¨( !=Θ·¨·¨΄(/Α+ /%(·¨!¨µ῾=+ !=῾·¨΅· ·% µ=!%Λ.··¨΅· 6Θ( µ6·¨ !¨· !56᾿¨ µ=
!¨· ¨᾿¨῾¨ %᾿¨῟῾῟=!%( * ῟(/%(¨-:·*, %··. /%( !¨ ῾῟(¨ !¨ ᾿=5(=Θ6µ=·¨ !¨΅ ῟(/%῾¨΅.

,Α·¨+, !¨ ῟(=1·Α+ /%( =΅5Γ᾿%Π/6 Τ΅1µ(-!(/6 ᾿·%῾-(¨ (6᾿Γ+ * ᾿56¨῟¨+ !¨΅ EU AI Act [6]
%·!%·%/·. !*· %·%΄/%(6!*!% Ο=-µ(/¨: =·Α΄Θ¨΅ /%( ¨5(¨1Α!*-*+ !*+ !=Θ·*!2+ ·¨*µ¨-:·*+
-!¨· ·¨µ(/6 !¨µΑ%, ῟(%µ¨5∆)·¨·!%+ !¨ µΑ··¨· !*+ ·¨µ(/2+ =᾿(-!2µ*+ µ= ΄·)µ¨·% !*· (-¨5-
Τ¨᾿῾% µ=!%;: /%(·¨!¨µ῾%+, ῟(%∆.·=(%+ /%( ᾿5¨-!%-῾%+ !Γ· Ο=µ=·(Γ῟)· ῟(/%(Γµ.!Γ·.
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0=∆.·%(¨ 1. 3(-%΄Γ΄2

1.1 Σ-Λ+505.23Μ 3·2 352+*+23Μ ¨0·΅΄25

Χ !=Θ·*!2 ·¨*µ¨-:·* /%( =(῟(/6!=5% ¨( !=Θ·¨·¨΄῾=+ =᾿=;=5΄%-῾%+ Η΅-(/2+ ΄·)--%+
(Natural Language Processing) ΑΘ¨΅· µ=!%-Θ*µ%!῾-=( -*µ%·!(/. !¨ !¨᾿῾¨ !*+ ᾿·*5¨∆¨5(/2+
/%( !*+ =᾿(/¨(·Γ·῾%+ !% !=·=΅!%῾% Θ56·(%. ,% 4=΄.·% Β·Γ--(/. 4¨·!Α·%, 6᾿Γ+ !¨ GPT[7], !¨
BERT[8] /%( ¨( ᾿%5%··%΄Α+ !¨΅+, =᾿(!5Α᾿¨΅· ᾿·Α¨· !*· /%!%·6*-*, %·.·΅-* /%( ᾿%5%΄Γ΄2
/=(µΑ·¨΅ -= Μ%1µ6 ᾿¨΅ µΑΘ5( ᾿56-∆%!% Ο=Γ5¨:·!%· %·Α∆(/!¨+.

Χ !=Θ·¨·¨΄(/2 %΅!2 =;Α·(;* ῟=· ᾿=5(¨5῾Σ=!%( -!¨· %/%῟*µ%Π/6 2 !¨· =5=΅·*!(/6 Θ)5¨,
%··. ῟(%ΘΑ=!%( Τ%΄῟%῾% -= /5῾-(µ¨΅+ !¨µ=῾+ !*+ /¨(·Γ·῾%+ /%( !*+ ¨(/¨·¨µ῾%+. 9᾿6 !*
῟*µ¨-(¨΄5%∆῾%, !*· =/᾿%῾῟=΅-* /%( !(+ =᾿(Θ=(52-=(+, µΑΘ5( !* ῟*µ6-(% ῟(¨῾/*-*, !*· ΅΄=῾%
/%( =(῟(/6!=5% !¨ ῟῾/%(¨, !% LLMs %·%µΑ·=!%( ·% µ=!%-Θ*µ%!῾-¨΅· !¨· !56᾿¨ µ= !¨· ¨᾿¨῾¨
¨( .·15Γ᾿¨( ῟(%Θ=(5῾Σ¨·!%(, /%!%·¨¨:· /%( %;(¨᾿¨(¨:· !* ΄·)-*[9].

῝!¨· Θ)5¨ !¨΅ ῟(/%῾¨΅, * ᾿῾=-* ΄(% ῟(%Θ=῾5(-* !=5.-!(Γ· 6΄/Γ· ᾿·*5¨∆¨5῾%+, * %-
·.΄/* ΄(% .µ=-*, %;(6᾿(-!* /%( !=/µ*5(ΓµΑ·* ·2Κ* %᾿¨∆.-=Γ·, /%1)+ /%( * %΅;%·6µ=·*
᾿¨·΅᾿·¨/6!*!% !Γ· ·¨µ(/)· ῟=῟¨µΑ·Γ·, ῟*µ(¨΅5΄¨:· ᾿56-∆¨5¨ Α῟%∆¨+ ΄(% !*· ΅(¨1Α!*-*
᾿5¨*΄µΑ·Γ· !=Θ·¨·¨΄(/)· ·:-=Γ·. ,% LLMs =·-Γµ%!)·¨·!%( -= Α·% =΅5: Η.-µ% =∆%5µ¨-
΄)·, %᾿6 !*· %΅!¨µ%!¨᾿¨(*µΑ·* %·%Σ2!*-* /%( %·.·΅-* ·¨µ¨1=-῾%+, !* ῟¨µ*µΑ·* =᾿=;=5-
΄%-῾% /%( =5µ*·=῾% -΅µΛ¨·%῾Γ·, !*· ᾿56Λ·=Κ* =/Λ.-=Γ· ῟(/%-!(/)· ΅᾿¨1Α-=Γ·, µΑΘ5( /%(
!*· ᾿%5¨Θ2 %΅!¨µ%!¨᾿¨(*µΑ·*+ ·¨µ(/2+ ΅᾿¨-!25(;*+ µΑ-Γ chatbots /%( =(/¨·(/)· Μ¨*1)·.

Χ =·-Γµ.!Γ-* !Γ· LLMs -!¨ ῟῾/%(¨ =᾿*5=.Σ=( 6Θ( µ6·¨ !(+ !=Θ·(/Α+ ῟(%῟(/%-῾=+ %··.
/%( !(+ Ο=-µ(/Α+, /¨(·Γ·(/Α+ /%( *1(/Α+ (-¨55¨᾿῾=+[10]. 9᾿6 !* µ῾% ᾿·=΅5., ΅᾿6-Θ¨·!%(
µ=΄%·:!=5* %᾿¨῟¨!(/6!*!%, ῟(%∆.·=(%, ᾿5¨-Λ%-(µ6!*!% /%( !%Θ:!*!% -!*· %᾿¨·¨µ2 !*+
῟(/%(¨-:·*+. 9᾿6 !*· .··*, %·%῟=(/·:¨΅· ·Α¨΅+ /(·῟:·¨΅+ : Υ*!2µ%!% =5µ*·=΅-(µ6!*!%+
(explainability), µ=5¨·*Κ῾%+ (bias), %;(¨᾿(-!῾%+ !Γ· ᾿%5%΄6µ=·Γ· ᾿·*5¨∆¨5()·, ᾿5¨-!%-῾%+
᾿5¨-Γ᾿(/)· ῟=῟¨µΑ·Γ· /%( Ο=-µ(/2+ ·¨΄¨῟¨-῾%+ ᾿%5%µΑ·¨΅· %·¨(Θ!..

Χ ῟(=1·2+ /¨(·6!*!% =᾿(-!*µ¨·(/2, =᾿%΄΄=·µ%!(/2 /%( Τ΅1µ(-!(/2 %·%Σ*!=῾ !56᾿¨΅+
·% =·-Γµ%!)-=( !(+ ·Α=+ !=Θ·¨·¨΄῾=+ µ= %-∆%·2 /%( ΅᾿=:1΅·¨ !56᾿¨. 3·῟=(/!(/Α+ =῾·%( ¨(
=;=·῾;=(+ -!*· =΅5Γ᾿%Π/2 ·¨µ¨1=-῾% [6], ¨( ῟¨/(µ%-!(/Α+ =∆%5µ¨΄Α+ Α;΅᾿·Γ· ῟(/%-!*5῾Γ· -=
/5.!* 6᾿Γ+ * 0῾·% [11] /%( ¨( ῞(·(᾿᾿῾·=+ [12], ¨( %΅-!*56!=5=+ %᾿%(!2-=(+ ΄(% auditing /%(
=;*΄2-(µ* !=Θ·*!2 ·¨*µ¨-:·* [13], %··. /%( * ῟(%5/2+ -΅Σ2!*-* ΄(% !* ΟΑ-* /%( !¨· Τ6·¨
!¨΅ %·15)᾿¨΅ -!* ·2Κ* /5῾-(µΓ· ·¨µ(/)· %᾿¨∆.-=Γ·[14].

῝΅·¨·(/., !¨ !=Θ·¨·¨΄(/6 /%( /¨(·Γ·(/6 ᾿·%῾-(¨ =·!6+ !¨΅ ¨᾿¨῾¨΅ =;=!.Σ=!%( * =᾿῾῟5%-*
!Γ· LLMs -!¨ ῟῾/%(¨ Θ%5%/!*5῾Σ=!%( %᾿6 ῟΅·%µ(-µ6, ῟(%5/2 =;Α·(;* /%( ῟(%5/)+ %΅;%·6µ=-
·=+ %᾿%(!2-=(+ ΄(% !=Θ·(/2 /%( Ο=-µ(/2 =᾿.5/=(%. ῝= %΅!6 !¨ ᾿·%῾-(¨, * -΅-!*µ%!(/2 µ=·Α!*
!Γ· ᾿5%/!(/)· =∆%5µ¨΄)·, !Γ· !=Θ·(/)· ·:-=Γ· /%( !Γ· ᾿5¨/·2-=Γ· ᾿¨΅ -΅·¨῟=:¨΅· !%
LLMs /%1῾-!%!%( =᾿(!%/!(/2 ΄(% !*· =᾿(-!*µ¨·(/2 /¨(·6!*!%, !¨΅+ =᾿%΄΄=·µ%!῾=+ !¨΅ Θ)5¨΅
/%( !¨΅+ Τ΅1µ(-!(/¨:+ Η¨5=῾+[15].

1.2 Β)ΜΛ52, ¨-῭΅5 3·2 -%-῝+()23/ -%*)Νµ·)· )(Κ 6%-῝+·Κ

Χ ᾿%5¨:-% ῟(᾿·Γµ%!(/2 =5΄%-῾% ΑΘ=( Γ+ Μ%-(/6 -!6Θ¨ !* -΅-!*µ%!(/2 ῟(=5=:·*-* !*+
=᾿῾῟5%-*+ !Γ· 4=΄.·Γ· Β·Γ--(/)· 4¨·!Α·Γ· -!¨· Θ)5¨ !¨΅ ῟(/%῾¨΅, =-!(.Σ¨·!%+ !6-¨ -!(+
!=Θ·(/Α+ 6-¨ /%( -!(+ Ο=-µ(/Α+, =᾿(-!*µ¨·(/Α+ /%( /¨(·Γ·(/Α+ ῟(%-!.-=(+ %΅!2+ !*+ %··*-
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1.3 ῝΅µΛ¨·2 !*+ µ=·Α!*+

·=᾿῾῟5%-*+. Χ %·.·΅-* =᾿(/=·!5)·=!%( -!(+ ᾿5%/!(/Α+ =∆%5µ¨΄Α+ !Γ· LLMs -= ῟(.∆¨5¨΅+
.;¨·=+ !*+ ·¨µ(/2+ =᾿(-!2µ*+ /%( ᾿5.;*+ — 6᾿Γ+ * %·./!*-* ᾿·*5¨∆¨5῾%+, * %·.·΅-*
-΅µΛ¨·%῾Γ·, * ᾿56Λ·=Κ* ῟(/%-!(/)· %᾿¨∆.-=Γ·, * %΅!¨µ%!¨᾿¨(*µΑ·* ·¨µ(/2 ΅᾿¨-!25(;*
/%( * =·-Γµ.!Γ-2 !¨΅+ -= Α;΅᾿·% ῟(/%-!25(% /%( Κ*∆(%/Α+ ῟¨µΑ+ %᾿¨·¨µ2+ ῟(/%(¨-:·*+.

Β(% !*· =/᾿·25Γ-* !Γ· ᾿%5%᾿.·Γ -!6ΘΓ·, ῟(%!΅᾿)·¨·!%( !% %/6·¨΅1% Μ%-(/. =5=΅-
·*!(/. =5Γ!2µ%!%, !% ¨᾿¨῾% /%1¨῟*΄¨:· !* ῟¨µ2, !* µ=1¨῟¨·¨΄῾% /%( !¨ ᾿=5(=Θ6µ=·¨ !*+
µ=·Α!*+ :

1. ῭¨(% =῾·%( !% Μ%-(/. %5Θ(!=/!¨·(/. /%( =᾿(Θ=(5*-(%/. Θ%5%/!*5(-!(/. !Γ· 4=΄.·Γ·
Β·Γ--(/)· 4¨·!Α·Γ· (LLMs) /%( ¨( =;=(῟(/=΅µΑ·=+ ᾿%5%··%΄Α+ !¨΅+, -!(+ =∆%5µ¨΄Α+
!¨΅ ῟(/%῾¨΅ ;

2. ῭)+ ῟(%∆¨5¨᾿¨(¨:·!%( !% ·¨µ(/. LLMs %᾿6 !% ΄=·(/2+ Θ52-*+ ΄·Γ--(/. µ¨·!Α·% /%(
᾿¨(=+ =῾·%( ¨( Μ%-(/Α+ !=Θ·(/Α+ /%( Ο=-µ(/Α+ ᾿5¨/·2-=(+ ᾿¨΅ ᾿5¨/:᾿!¨΅· ;

3. ῭6-¨ %᾿¨!=·=-µ%!(/. =῾·%( !% LLMs -= Μ%-(/Α+ ·¨µ(/Α+ =5΄%-῾=+, 6᾿Γ+ * ·¨µ(/2
Α5=΅·%, * %·.·΅-* -΅µΛ¨·%῾Γ·, * ᾿56Λ·=Κ* ῟(/%-!(/)· %᾿¨∆.-=Γ· /%( * %΅!¨µ%!¨-
᾿¨(*µΑ·* ·¨µ(/2 ΅᾿¨-!25(;*, /%( ᾿)+ %;(¨·¨΄=῾!%( * !=Θ·(/2 /%( Ο=-µ(/2 %᾿6῟¨-2
!¨΅+ ;

4. ῭¨(¨+ =῾·%( ¨ Τ6·¨+ /%( ¨ Μ%1µ6+ =∆%5µ¨΄2+ !Γ· LLMs -= -΅-!2µ%!% Α;΅᾿·Γ· ῟(/%-
-!*5῾Γ· (smart courts) /%( Κ*∆(%/2+ ῟(/%(¨-:·*+ -= ῟(%∆¨5=!(/Α+ Α··¨µ=+ !.;=(+ ;

5. ῭¨(=+ =῾·%( ¨( -:΄Θ5¨·=+ µ=1¨῟¨·¨΄῾=+ %;(¨·6΄*-*+ !*+ %᾿6῟¨-*+, !*+ %;(¨᾿(-!῾%+,
!*+ %/5῾Λ=(%+ /%( !*+ =5µ*·=΅-(µ6!*!%+ !Γ· LLMs -!* ·¨µ(/2 ᾿5.;*, µ= Αµ∆%-*
-!* µΑ!5*-* ᾿%5%(-12-=Γ·, ·¨µ(/2+ %/5῾Λ=(%+ /%( -΅·Α᾿=(%+ ᾿%5%᾿¨µ᾿)· (citation
consistency);

6. ῭¨(=+ ᾿5¨/·2-=(+ /%( 65(% %·%῟=(/·:¨΅· ¨( Τ΅1µ(-!(/Α+, *1(/Α+ /%( ᾿¨·(!(-µ(/Α+ ᾿%-
Τ.µ=!5¨( (῟(%∆.·=(%, ·¨΄¨῟¨-῾%, ᾿5¨-!%-῾% ῟=῟¨µΑ·Γ·) -!*· =·-Γµ.!Γ-* !Γ· LLMs
-!¨ ῟῾/%(¨ ;

7. ῭¨(=+ =῾·%( ¨( !.-=(+ ᾿¨΅ ῟(%µ¨5∆)·¨·!%( ΄(% !* µ=··¨·!(/2 =;Α·(;* !¨΅ ᾿=῟῾¨΅, !*·
=/᾿%῾῟=΅-* !Γ· ·¨µ(/)· =᾿%΄΄=·µ%!()·, !* -΅·=5΄%-῾% %·15)᾿(·*+ /5῾-*+ /%( !=Θ·¨-
·¨΄῾%+ /%( !*· =᾿῾῟5%-* !Γ· LLMs -!*· ᾿56-Λ%-* -!* ῟(/%(¨-:·* ;

,% =5Γ!2µ%!% %΅!. ῟(%!5ΑΘ¨΅· ¨5(Σ6·!(% !* -΅·¨·(/2 ῟¨µ2 !*+ =5΄%-῾%+, µ= /.1= /=-
Η.·%(¨ ·% =-!(.Σ=( -= -΅΄/=/5(µΑ·=+ ᾿!΅ΘΑ+ !¨΅+, ᾿5¨-᾿%1)·!%+ ·% ᾿5¨-∆Α5=( !=/µ*5(Γ-
µΑ·=+ /%( /5(!(/Α+ %᾿%·!2-=(+ Μ.-=( !*+ ᾿·Α¨· -:΄Θ5¨·*+ Μ(Λ·(¨΄5%∆῾%+, !Γ· !=Θ·(/)· =;=-
·῾;=Γ· /%( !Γ· Ο=-µ(/)· µ=!%-Θ*µ%!(-µ)· ᾿¨΅ ᾿%5%!*5¨:·!%( ῟(=1·)+.

1.3 Β῝µΑ50Ν )(Κ µ-06)(Κ

Χ -΅µΛ¨·2 !*+ ᾿%5¨:-%+ ῟(᾿·Γµ%!(/2+ =5΄%-῾%+ Α΄/=(!%( -!* ῟(=;¨῟(/2 %᾿¨!῾µ*-* !*+
=᾿῾῟5%-*+ !Γ· 4=΄.·Γ· Β·Γ--(/)· 4¨·!Α·Γ· (LLMs) -!¨ ῟῾/%(¨, µ= ¨·(-!(/2 ᾿5¨-Α΄΄(-*
᾿¨΅ /%·:᾿!=( !6-¨ !(+ !=Θ·¨·¨΄(/Α+ /%( µ*Θ%·(/Α+ ᾿!΅ΘΑ+ 6-¨ /%( !(+ Ο=-µ(/Α+, =᾿(-!*µ¨-
·(/Α+ /%( /¨(·Γ·(/Α+ ᾿%5%µΑ!5¨΅+. Χ =5΄%-῾% ᾿5¨-∆Α5=( µ῾% -΅-!*µ%!(/2 /%( -΅΄/5(!(/2
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0=∆.·%(¨ 1. 3(-%΄Γ΄2

=᾿(-/6᾿*-* !Γ· /΅5(6!=5Γ· !=Θ·¨·¨΄(/)· %5Θ(!=/!¨·(/)·, !Γ· !=Θ·(/)· ΅·¨᾿¨(2-=Γ· /%(
!Γ· benchmarking frameworks ᾿¨΅ =∆%5µ6Σ¨·!%( -= ·¨µ(/. ᾿=5(Λ.··¨·!%, -΅·῟΅.Σ¨·!%+
!* ῟(=1·2 Μ(Λ·(¨΄5%∆῾% µ= ᾿5%/!(/. ᾿%5%῟=῾΄µ%!% =∆%5µ¨΄2+.

8῟(%῾!=5* Αµ∆%-* ῟῾·=!%( -!*· !=Θ·(/2 %·.·΅-* /%( !*· %;(¨·6΄*-* µ=1¨῟¨·¨΄()· ᾿¨΅
%∆¨5¨:· !* ·¨µ(/2 %·./!*-* ᾿·*5¨∆¨5῾%+, !*· %΅!¨µ%!¨᾿¨(*µΑ·* =᾿=;=5΄%-῾% ·¨µ(/)·
=΄΄5.∆Γ·, /%1)+ /%( -!*· ᾿56Λ·=Κ* ῟(/%-!(/)· %᾿¨∆.-=Γ· µ= !* Θ52-* -:΄Θ5¨·Γ· LLMs.
3;=!.Σ¨·!%( =/!=·)+ ¨( %5Θ(!=/!¨·(/Α+ /%( * ·=(!¨΅5΄῾% !Γ· Α;΅᾿·Γ· ῟(/%-!*5῾Γ· (smart
courts), * ᾿5%/!(/2 =·-Γµ.!Γ-* /%(·¨!6µΓ· =5΄%·=῾Γ· 6᾿Γ+ !% ·¨µ(/. chatbots /%( !%
-΅-!2µ%!% ΅᾿¨Λ¨21*-*+ ῟(%Θ=῾5(-*+ ·¨µ(/2+ ᾿5%/!(/2+, =·) %·%·:¨·!%( !% /5(!25(% -΅-
΄/5(!(/2+ %;(¨·6΄*-*+, * %·῾Θ·=΅-* ᾿%5%(-12-=Γ· /%( * µΑ!5*-* !*+ ·¨µ(/2+ %/5῾Λ=(%+
!Γ· %᾿¨!=·=-µ.!Γ· !Γ· LLMs.

῭%5.··*·%, * =5΄%-῾% ΗΓ!῾Σ=( !(+ Ο=-µ(/Α+ /%( Τ΅1µ(-!(/Α+ ᾿5¨/·2-=(+ ᾿¨΅ %·%/:᾿!¨΅·
%᾿6 !*· =΅5=῾% Θ52-* !Γ· LLMs -!¨ ῟῾/%(¨, !6-¨ -= =΅5Γ᾿%Π/6 =᾿῾᾿=῟¨ (᾿.Θ. EU AI Act) 6-¨
/%( -= ῟(=1·Α+ ᾿=5(Λ.··¨·, %·%῟=(/·:¨·!%+ !(+ =;=·῾;=(+ /%( !% ῟(·2µµ%!% ᾿¨΅ -Θ=!῾Σ¨·!%( µ=
!* ῟(%∆.·=(%, !*· ΅᾿=΅1΅·6!*!% /%( !% ῟(/%()µ%!% !Γ· ῟(%῟῾/Γ·. Χ -:·῟=-* !*+ !=Θ·(/2+
%·.·΅-*+ µ= !(+ ᾿5%/!(/Α+ /%(·¨!¨µ῾=+ %᾿¨῟=(/·:=!%( /%1¨5(-!(/2, =·) -/(%΄5%∆¨:·!%( /%(
µ=··¨·!(/Α+ =5=΅·*!(/Α+ /%!=΅1:·-=(+ ΄(% !* Μ=·!῾Γ-* !6-¨ !*+ !=Θ·(/2+ %;(¨᾿(-!῾%+ 6-¨ /%(
!Γ· *1(/)· /%( Ο=-µ(/)· ῟(%-!.-=Γ· !*+ !=Θ·*!2+ ·¨*µ¨-:·*+ -!¨ ῟῾/%(¨.

῝΅·¨·(/., * =5΄%-῾% =᾿(Θ=(5=῾ ·% ΄=∆΅5)-=( !¨ Θ.-µ% µ=!%;: !=Θ·(/2+ /%( ·¨µ(/2+
=᾿(-!2µ*+, ᾿5¨-∆Α5¨·!%+ Α·% ᾿·25=+ /%( ᾿5%/!(/. %;(¨᾿¨(2-(µ¨ ᾿·%῾-(¨ /%!%·6*-*+, %-
;(¨·6΄*-*+ /%( µ=··¨·!(/2+ =;Α·(;*+ !Γ· LLMs -!* ῟(/%-!(/2 ᾿5.;*.

1.4 75µΝ )(Κ -%.·΄΅·Κ

Χ ᾿%5¨:-% ῟(᾿·Γµ%!(/2 =5΄%-῾% =῾·%( ¨5΄%·ΓµΑ·* -= =᾿!. ῟(%/5(!. /=∆.·%(%, /%1Α·%
%᾿6 !% ¨᾿¨῾% =-!(.Σ=( -= -΅΄/=/5(µΑ·=+ ᾿!΅ΘΑ+ !*+ =᾿῾῟5%-*+ !Γ· 4=΄.·Γ· Β·Γ--(/)·
4¨·!Α·Γ· -!¨· Θ)5¨ !¨΅ ῟(/%῾¨΅, ΅(¨1=!)·!%+ µ(% ῟(%1=µ%!(/2, !=Θ·(/. !=/µ*5(ΓµΑ·* /%(
Ο=-µ(/. ᾿5¨-%·%!¨·(-µΑ·* ᾿5¨-Α΄΄(-*.

• ῾-Π/0·25 1 – !2΄·.*.Ν : ΞΑ!=( !¨ =΅5:!=5¨ !=Θ·¨·¨΄(/6 /%( /¨(·Γ·(/6 ᾿·%῾-(¨,
᾿%5¨΅-(.Σ¨·!%+ !*· %·µ%!)῟* =;Α·(;* !Γ· LLMs /%( !* -*µ%-῾% !¨΅+ ΄(% !¨· ·¨µ(/6
!¨µΑ%. 7(%!΅᾿)·=( µ= -%∆2·=(% !¨΅+ -!6Θ¨΅+, !% Μ%-(/. =5=΅·*!(/. =5Γ!2µ%!% /%( !*
-΅µΛ¨·2 !*+ µ=·Α!*+, =·) ῟῾·=( -΅·¨᾿!(/2 =(/6·% !*+ ῟(.515Γ-*+ !¨΅ Α5΄¨΅.

• ῾-Π/0·25 2 – ,-Ο5῭505.΅· Τ!%-῝+·Κ : ῭=5(΄5.∆=( %·%·΅!(/. !* µ=1¨῟¨·¨΄(/2 ᾿5¨-
-Α΄΄(-* ᾿¨΅ %/¨·¨΅121*/=, 6᾿Γ+ !* -΅-!*µ%!(/2 Μ(Λ·(¨΄5%∆(/2 %·%-/6᾿*-*, !*·
=᾿(·¨΄2 =;=(῟(/=΅µΑ·Γ· !=Θ·(/)· frameworks (᾿.Θ. LegalBench, LexGLUE, LeCaRD,
LegalRAG) /%( !* Θ52-* benchmarking µ=!5(/)· ΄(% !*· %;(¨·6΄*-* LLMs. 3᾿=;*΄=῾
!% /5(!25(% =᾿(·¨΄2+ case studies, datasets /%( =∆%5µ¨΄)·, !¨ ᾿·%῾-(¨ %;(¨·6΄*-*+
΄(% =∆%5µ¨΄Α+ !=Θ·*!2+ ·¨*µ¨-:·*+ -!¨· Θ)5¨ !¨΅ ῟(/%῾¨΅, /%1)+ /%( !% µ=1¨῟¨·¨-
΄(/. 65(% /%( !(+ ᾿5¨/·2-=(+ !*+ Α5=΅·%+.

• ῾-Π/0·25 3 – Η-*%()236Κ 3·2 Σ-Λ+236Κ Ρ/΄-2Κ : 9·%·:=( ῟(=;¨῟(/. !(+ %5Θ(!=/!¨·(-
/Α+ !Γ· LLMs (Transformers, attention mechanisms, fine-tuning, transfer learning),

20 76¨82µ·*6/( 9%῭·).·



1.4 7¨µ2 !*+ =5΄%-῾%+

=-!(.Σ¨·!%+ !6-¨ -!% ΄=·(/. µ¨·!Α·% (GPT, BERT, T5) 6-¨ /%( -!(+ ·¨µ(/Α+ ᾿%5%·-
·%΄Α+ (LegalBERT, Lawformer, CaseLawBERT). 3;=!.Σ=( !(+ ῟(%∆¨5Α+ µ= !% µ¨·!Α·%
΄=·(/2+ Θ52-*+, %·%·:=( !(+ %᾿%(!2-=(+ ΄(% =᾿=;=5΄%-῾% ·¨µ(/2+ ΄·)--%+ (legal NLP),
/%( ᾿%5¨΅-(.Σ=( !(+ -:΄Θ5¨·=+ ᾿5¨/·2-=(+ !*+ =;*΄2-(µ*+ !=Θ·*!2+ ·¨*µ¨-:·*+, !*+
µ=5¨·*Κ῾%+ -!% ·¨µ(/. ῟=῟¨µΑ·% /%( !Γ· %᾿%(!2-=Γ· ΄(% ῟(%∆.·=(% /%( ᾿¨(6!*!%
=᾿(-*µ=῾Γ-*+ (annotation).

• ῾-Π/0·25 4 – !Π·%µ5.Ν 3·2 ῝05¨5΅(΄( : 3-!(.Σ=( -!(+ ᾿5%/!(/Α+ =∆%5µ¨΄Α+ /%(
!*· !=Θ·(/2 ΅·¨᾿¨῾*-* !Γ· 4=΄.·Γ· Β·Γ--(/)· 4¨·!Α·Γ· (LLMs) -!¨· Θ)5¨ !¨΅ ῟(-
/%῾¨΅. ῭%5¨΅-(.Σ¨·!%( Θ%5%/!*5(-!(/. ᾿%5%῟=῾΄µ%!% -΅-!*µ.!Γ· ·¨µ(/2+ Α5=΅·%+,
%·.·΅-*+ =΄΄5.∆Γ· /%( ᾿56Λ·=Κ*+ ῟(/%-!(/)· %᾿¨∆.-=Γ·, =·) %·%·:¨·!%( ¨( !=Θ·(-
/Α+, !% =5΄%·=῾% /%( ¨( µ=!5(/Α+ %;(¨·6΄*-*+ ᾿¨΅ Θ5*-(µ¨᾿¨(¨:·!%( -!* -:΄Θ5¨·*
·¨µ(/2 !=Θ·¨·¨΄῾%. 8῟(%῾!=5* Αµ∆%-* ῟῾·=!%( -!*· /5(!(/2 %᾿¨!῾µ*-* !Γ· %᾿¨!=·=-
-µ.!Γ· /%( -!(+ ᾿5¨/·2-=(+ ῟(%·=(!¨΅5΄(/6!*!%+ µ=!%;: -΅-!*µ.!Γ·.

• ῾-Π/0·25 5 – ·῝Οµ2΄)23Μ 3·2 ∆Ο23Μ Φ0·΅΄25 : 9;(¨·¨΄=῾ !¨ ΅᾿.5Θ¨· /%( %·%῟΅6µ=-
·¨ Ο=-µ(/6 ᾿=5(Λ.··¨·, =;=!.Σ¨·!%+ Υ*!2µ%!% ῟(%∆.·=(%+, ·¨΄¨῟¨-῾%+, µ=5¨·*Κ῾%+,
᾿5¨-!%-῾%+ ᾿5¨-Γ᾿(/)· ῟=῟¨µΑ·Γ·, /%( compliance µ= =΅5Γ᾿%Π/. /%( ῟(=1·2 -!%·-
῟%5῟+ (EU AI Act, global regulatory trends). 9·%῟=(/·:=( !(+ *1(/Α+ ᾿5¨/·2-=(+ /%( !(+
᾿5%/!(/Α+ ῟(%-∆.·(-*+ !¨΅ %·15Γ᾿¨/=·!5(/¨: =·Α΄Θ¨΅ -!* ·2Κ* ·¨µ(/)· %᾿¨∆.-=Γ·.

• ῾-Π/0·25 6 – ,-005+)236Κ ῾·)-῝ΟΧ+΄-2Κ : 3-!(.Σ=( -!(+ %·%῟΅6µ=·=+ !=Θ·¨·¨΄(-
/Α+ !.-=(+, !* µ=··¨·!(/2 =/᾿%῾῟=΅-* !Γ· ·¨µ(/)· =᾿%΄΄=·µ%!()·, !(+ ᾿5¨¨᾿!(/Α+ ΄(%
΅Λ5(῟(/. -΅-!2µ%!% %·15)᾿¨΅–!=Θ·*!2+ ·¨*µ¨-:·*+, !(+ =;=·῾;=(+ -!*· =5µ*·=΅-(-
µ6!*!%, !*· %·1=/!(/6!*!% /%( !% «Α;΅᾿·%» ῟(/%-!25(%, /%1)+ /%( -!*· =;(-¨556᾿*-*
µ=!%;: /6-!¨΅+, ᾿5¨-Λ%-(µ6!*!%+ /%( ᾿¨(6!*!%+ -!* ῟(/%(¨-:·*.

• ῾-Π/0·25 7 – Β῝µ¨-%/΄µ·)· : ῝΅·¨Κ῾Σ=( !% Μ%-(/. =΅52µ%!% /.1= =·6!*!%+, %-
;(¨·¨΄=῾ !(+ =᾿(᾿!)-=(+ !Γ· LLMs -!*· ·¨µ(/2 ᾿5%/!(/2 /%( !*· !=Θ·(/2 %·.᾿!΅;*,
=᾿(-*µ%῾·=( !% 65(% !*+ ΅᾿.5Θ¨΅-%+ ΄·)-*+ /%( ᾿5¨!=῾·=( -΅΄/=/5(µΑ·=+ µ=··¨·!(/Α+
=5=΅·*!(/Α+ /%!=΅1:·-=(+, !6-¨ ΄(% !¨ ῟(=1·Α+ 6-¨ /%( ΄(% !¨ =··*·(/6 ᾿·%῾-(¨.
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῾-Π/0·25 2

,-Ο5῭505.΅· 6%-῝+·Κ

Χ-΅-!*µ%!(/2 ῟(=5=:·*-* !*+ =᾿῾῟5%-*+ !Γ· 4=΄.·Γ· Β·Γ--(/)· 4¨·!Α·Γ· (LLMs)
-!¨ ῟῾/%(¨ ᾿5¨Ι᾿¨1Α!=( !*· ΅(¨1Α!*-* µ(%+ ᾿¨·΅᾿%5%΄¨·!(/2+ µ=1¨῟¨·¨΄(/2+ ᾿5¨-

-Α΄΄(-*+, * ¨᾿¨῾% -΅·῟΅.Σ=( Ο=Γ5*!(/2 %·.·΅-*, Μ(Λ·(¨΄5%∆(/2 %·%-/6᾿*-*, !=Θ·(/2 %᾿¨-
!῾µ*-* /%( -΅΄/5(!(/2 %;(¨·6΄*-*. ,¨ ᾿%56· /=∆.·%(¨ %·%·:=( !* µ=1¨῟¨·¨΄(/2 ᾿5¨-Α΄΄(-
-* ᾿¨΅ %/¨·¨΅121*/= ΄(% !* ῟(=5=:·*-* !*+ =᾿῾῟5%-*+ !Γ· 4=΄.·Γ· Β·Γ--(/)· 4¨·!Α·Γ·
-!¨· ·¨µ(/6 !¨µΑ%.

Χ =5΄%-῾% Μ%-῾Σ=!%( -= =/!=·2 Μ(Λ·(¨΄5%∆(/2 %·%-/6᾿*-* !*+ ῟(=1·¨:+ =᾿(-!*µ¨·(/2+
/%( !=Θ·(/2+ Μ(Λ·(¨΄5%∆῾%+, µ= Αµ∆%-* -= ᾿56-∆%!% peer-reviewed .515%, Ο=-µ(/. %᾿¨῟=-
/!. ᾿56!΅᾿% %;(¨·6΄*-*+, =᾿῾-*µ% -:·¨·% ῟=῟¨µΑ·Γ· /%( =∆%5µ¨΄Α+ LLMs -= ᾿5%΄µ%!(/.
·¨µ(/. ᾿=5(Λ.··¨·!%. 8῟(%῾!=5* ᾿5¨-¨Θ2 ῟61*/= -!*· =᾿(·¨΄2 case studies ᾿¨΅ /%·:᾿!¨΅·
῟(%∆¨5=!(/. /5.!* /%( ·¨µ(/. ᾿·%῾-(%, )-!= ·% %·%῟=(Θ1¨:· !6-¨ ¨( !=Θ·(/Α+ 6-¨ /%( ¨(
Ο=-µ(/Α+ /%( ᾿¨·(!(-µ(/Α+ (῟(%(!=56!*!=+.

Β(% !*· %᾿¨!῾µ*-* !*+ !=Θ·(/2+ %᾿6῟¨-*+ /%( %;(¨᾿(-!῾%+ !Γ· LLMs %;(¨᾿¨(21*/%·
=;=(῟(/=΅µΑ·% ᾿·%῾-(% -΅΄/5(!(/2+ %;(¨·6΄*-*+ (benchmarking frameworks) /%( µ=!5(/Α+,
6᾿Γ+ * %·./·*-* (recall), ¨ /%·¨·(/¨᾿¨(*µΑ·¨+ Μ%1µ6+ %15¨(-!(/2+ /%!.!%;*+ (nDCG),
* %·*1¨∆.·=(% (faithfulness), !¨ ᾿¨-¨-!6 ᾿%5%(-12-=Γ· (hallucination rate), * %/5῾Λ=(%
᾿%5%᾿¨µ᾿)· (citation accuracy) /%( ¨ µ%/5¨-µΑ-¨+ 65¨+ F1 (macro-F1). ῭%5.··*·%, *
᾿5%/!(/2 Θ5*-(µ6!*!% !Γ· -΅-!*µ.!Γ· =;=!.-!*/= -= -΅·.5!*-* µ= !(+ %·.΄/=+ !¨΅ ·¨µ(/¨:
=᾿%΄΄Α·µ%!¨+ /%( !(+ (῟(%(!=56!*!=+ /.1= Α··¨µ*+ !.;*+.

95Θ(/., ᾿%5¨΅-(.Σ=!%( * ᾿5¨-Α΄΄(-* Μ(Λ·(¨΄5%∆(/2+ %·%-/6᾿*-*+, µ= %·%·΅!(/2 ᾿=-
Τ(΄5%∆2 !Γ· =5΄%·=῾Γ· %·%Σ2!*-*+ /%( %;(¨·6΄*-*+ !*+ =᾿(-!*µ¨·(/2+ ᾿·*5¨∆¨5῾%+. ῝!*
-΅·ΑΘ=(%, =;=(῟(/=:¨·!%( !% /5(!25(% =᾿(·¨΄2+ !Γ· ΅᾿6 =;Α!%-* =∆%5µ¨΄)· /%( µ=·=!)· ᾿=-
Τ῾᾿!Γ-*+, µ= Αµ∆%-* -!*· !=Θ·(/2 /%( Ο=-µ(/2 !¨΅+ -΅·.∆=(%. 9/¨·¨:1Γ+ ᾿=5(΄5.∆=!%( !¨
᾿·%῾-(¨ %;(¨·6΄*-*+, %·%·:¨·!%+ !% /:5(% benchmarking frameworks, !(+ µ=!5(/Α+ /%( !(+
-΅΄/5(!(/Α+ µ=16῟¨΅+ ᾿¨΅ Θ5*-(µ¨᾿¨(21*/%·. ,Α·¨+, =᾿(-*µ%῾·¨·!%( ¨( Μ%-(/¨῾ ᾿=5(¨5(-
-µ¨῾ !*+ Α5=΅·%+ ᾿¨΅ %᾿¨55Α¨΅· %᾿6 !* Η:-* !Γ· ῟=῟¨µΑ·Γ·, !*· =᾿(·¨΄2 !Γ· case studies,
!(+ !=Θ·(/Α+ µ=16῟¨΅+ %;(¨·6΄*-*+ /%( !¨ Τ΅1µ(-!(/6 ᾿=5(Λ.··¨·.

2.1 Φ%5΄6..2΄( Υ2Α025.%·Π23ΝΚ ·+·΄3Μ¨(΄(Κ

῏%-(/6+ -!6Θ¨+ =῾·%( * =·!¨᾿(-µΑ·* /.·΅Κ* !¨΅ -΅·6·¨΅ !*+ -:΄Θ5¨·*+ =᾿(-!*µ¨·(/2+
΄·)-*+ -Θ=!(/. µ= !% 4=΄.·% Β·Γ--(/. 4¨·!Α·% /%( !(+ =∆%5µ¨΄Α+ !¨΅+ -!¨· Θ)5¨ !¨΅
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0=∆.·%(¨ 2. 4=1¨῟¨·¨΄῾% Α5=΅·%+

῟(/%῾¨΅.

95Θ(/., %/¨·¨΅121*/= µ(% ᾿¨·΅=᾿῾᾿=῟* -!5%!*΄(/2 %·%Σ2!*-*+ -= ῟(=1·=῾+ =᾿(-!*-
µ¨·(/Α+ Μ.-=(+ ῟=῟¨µΑ·Γ·, 6᾿Γ+ !¨ IEEE Xplore, ScienceDirect, arXiv, Google Scholar,
ResearchGate, /%1)+ /%( -= =;=(῟(/=΅µΑ·% repositories ΄(% ·¨µ(/2 ᾿·*5¨∆¨5(/2 (Legal In-
formatics). 3(῟(/2 µΑ5(µ·% =·2∆1* ΄(% !* -΅··¨΄2 peer-reviewed .515Γ·, =᾿῾-*µΓ· !=Θ·(-
/)· reports, ῟(%!5(Λ)·, /%( =΄Θ=(5(῟῾Γ· ᾿¨΅ =/῟61*/%· !*· !=·=΅!%῾% ῟=/%=!῾%, µ= Αµ∆%-*
-!% Α5΄% %᾿6 !¨ 2022 /%( µ=!., ·6΄Γ !*+ =/5*/!(/2+ =;Α·(;*+ !Γ· LLMs.

Χ =᾿(·¨΄2 !Γ· ᾿*΄)· Α΄(·= µ= Μ.-* -΅΄/=/5(µΑ·% keywords (᾿.Θ. legal NLP, LLM
benchmarks, contract analysis with transformers, legal outcome prediction, explainable
AI in law).

8῟(%῾!=5* ᾿5¨-¨Θ2 ῟61*/= :

• Β)( ῭2·Ο-µ·)23Μ)()· : 3·-Γµ%!)1*/%· ᾿*΄Α+ !6-¨ %᾿6 !¨ !=Θ·(/6/µ*Θ%·(/6 ᾿=῟῾¨
(computer science, machine learning, NLP) 6-¨ /%( %᾿6 !¨ ·¨µ(/6–Ο=-µ(/6 (legal
informatics, law & technology), ῟(%-∆%·῾Σ¨·!%+ ᾿¨·΅=᾿(-!*µ¨·(/2 /.·΅Κ*.

• Β)( ῭2·΄Π/02΄( ¨52Μ)()·Κ : Ε( ᾿*΄Α+ %;(¨·¨΄21*/%· Γ+ ᾿5¨+ !¨ impact factor !Γ·
᾿=5(¨῟(/)·, !* -΅Θ·6!*!% %·%∆¨5)·, !* µ=1¨῟¨·¨΄(/2 ῟(%∆.·=(% /%( !* Θ5*-!(/6!*!%
!Γ· ῟=῟¨µΑ·Γ·.

• Β)(+ ·+)2¨%5΄*¨-῝)23Μ)()· )*+ -Π·%µ5.4+ : 3·!.Θ1*/%· Α5΄% %᾿6 ῟(%∆¨5=!(/Α+
Α··¨µ=+ !.;=(+ (%΄΄·¨-%;¨·(/6, *᾿=(5Γ!(/6, %-(%!(/6, =··*·(/6 ῟῾/%(¨) /%1)+ /%( ᾿=-
Τ(᾿!Γ-(¨·¨΄(/Α+ µ=·Α!=+ %᾿6 ῟*µ6-(% projects, =!%(5(/Α+ =∆%5µ¨΄Α+ /%( ᾿=(5%µ%!(/Α+
᾿·%!∆65µ=+.

῝΅·¨·(/., * Μ(Λ·(¨΄5%∆(/2 %·%-/6᾿*-* ¨5΄%·)1*/= Ο=µ%!(/. /%( Θ5¨·¨·¨΄(/., µ=
/%!*΄¨5(¨᾿¨῾*-* -= :

• Ξ=Γ5*!(/Α+ Μ.-=(+ /%( %5Θ(!=/!¨·(/Α+ LLMs.

• 3;=(῟(/=΅µΑ·=+ ·¨µ(/Α+ =∆%5µ¨΄Α+ (legal research, contract analysis, outcome pre-
diction).

• 4=!5(/Α+ /%( ᾿·%῾-(% %;(¨·6΄*-*+ %᾿6῟¨-*+ (benchmarking metrics and frame-
works)

• ]*!2µ%!% %;(¨·6΄*-*+, =5µ*·=΅-(µ6!*!%+ (explainability), /%( Τ΅1µ(-!(/¨: ᾿·%(-῾¨΅.

Β(% !* ῟(%Θ=῾5(-* /%( !=/µ*5῾Γ-* !Γ· ᾿*΄)· Θ5*-(µ¨᾿¨(21*/= =5΄%·=῾¨ Μ(Λ·(¨΄5%-
Η(/2+ ¨5΄.·Γ-*+ (Mendeley Reference Manager), =᾿(!5Α᾿¨·!%+ -΅-!*µ%!(/2 /%!%΄5%∆2,
=᾿(-2µ%·-* -*µ=῾Γ· =·῟(%∆Α5¨·!¨+ /%( =;%΄Γ΄2 !Γ· -Θ=!(/)· ᾿%5%᾿¨µ᾿)·.

Χ -΅-!*µ%!(/2 %΅!2 ᾿5¨-Α΄΄(-* ῟(%-∆%·῾Σ=( 6!( * =5΄%-῾% /%·:᾿!=( -∆%(5(/. !¨ ῟(=1·Α+
=᾿(-!*µ¨·(/6 ᾿=῟῾¨, =·-Γµ%!)·=( !(+ ᾿(¨ ᾿56-∆%!=+ /%( !=Θ·(/. %;(6᾿(-!=+ =;=·῾;=(+ /%(
=᾿(!5Α᾿=( !*· =;%΄Γ΄2 ¨΅-(%-!(/)· -΅µ᾿=5%-µ.!Γ· ΄(% !*· =᾿῾῟5%-* !Γ· LLMs -!¨· Θ)5¨
!¨΅ ῟(/%῾¨΅.
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2.2 05(!25(% =᾿(·¨΄2+ =∆%5µ¨΄)· /%( ᾿=5(᾿!Γ-(¨·¨΄(/)· µ=·=!)·

2.2 ῾%2)Ν%2· -¨205.ΝΚ -Π·%µ5.4+ 3·2 ¨-%2¨)*΄2505.234+ µ--

0-)4+

Χ =᾿(·¨΄2 !Γ· =∆%5µ¨΄)·, !Γ· µ¨·!Α·Γ· /%( !Γ· ᾿=5(᾿!Γ-(¨·¨΄(/)· µ=·=!)· (case
studies) ᾿¨΅ -΅µ᾿=5(·%µΛ.·¨·!%( -!*· =5΄%-῾% ῟=· Α΄(·= %΅1%῾5=!%, %··. -!*5῾Θ1*/= -=
Α·% -:·¨·¨ /5(!*5῾Γ· ᾿¨΅ =;%-∆%·῾Σ¨΅· !6-¨ !*· !=Θ·(/2 %5!(6!*!% 6-¨ /%( !* Ο=-µ(/2
-΅·.∆=(%. ῝!6Θ¨+ 2!%· * %᾿¨!:᾿Γ-* !*+ ᾿5%΄µ%!(/2+ ᾿¨·΅᾿·¨/6!*!%+, !*+ ·=(!¨΅5΄(/2+
᾿¨(/(·῾%+ /%( !*+ =᾿(-!*µ¨·(/2+ =΄/΅56!*!%+ !Γ· -:΄Θ5¨·Γ· ·¨µ(/)· =∆%5µ¨΄)· !Γ· LLMs,
µΑ-% %᾿6 ᾿%5%῟=῾΄µ%!% ᾿¨΅ ᾿·*5¨:· %΅-!*5Α+ ᾿5¨῟(%΄5%∆Α+ =᾿(·¨΄2+, 6᾿Γ+ :

• Σ-Λ+23Ν ·%)2Μ)()· 3·2 -¨23·2%Μ)()· : ῭5¨!(µ21*/%· =∆%5µ¨΄Α+ /%( µ=·Α!=+ ᾿¨΅
Μ%-῾Σ¨·!%( -= state-of-the-art µ¨·!Α·% (GPT-4, BERT, LegalBERT, Lawformer, CaseLaw-
BERT), %;(¨᾿¨()·!%+ !(+ ᾿(¨ ᾿56-∆%!=+ !=Θ·¨·¨΄(/Α+ =;=·῾;=(+ -!¨ ᾿=῟῾¨ !*+ µ*Θ%·(/2+
µ.1*-*+ /%( !*+ =᾿=;=5΄%-῾%+ Η΅-(/2+ ΄·)--%+.

• 8+)2¨%5΄*¨-῝)23Μ)()· +5µ234+ tasks: 3·!.Θ1*/%· ᾿%5%῟=῾΄µ%!% ᾿¨΅ /%·:᾿!¨΅·
!¨ ᾿·25=+ Η.-µ% !Γ· Μ%-(/)· ·¨µ(/)· ·=(!¨΅5΄()·, 6᾿Γ+ * ·¨µ(/2 Α5=΅·% (legal re-
search), * %·.·΅-* -΅µΛ¨·%῾Γ· (contract analysis), * /%!*΄¨5(¨᾿¨῾*-* /%( =;%΄Γ΄2
᾿·*5¨∆¨5῾%+ (document classification, information extraction), * ᾿56Λ·=Κ* ῟(/%-
-!(/)· %᾿¨∆.-=Γ· (judicial decision prediction), !% %΅!6·¨µ% -΅-!2µ%!% ·¨µ(/2+
΅᾿¨-!25(;*+ (legal assistance tools) /%( ¨( =∆%5µ¨΄Α+ -= «Α;΅᾿·%» ῟(/%-!25(% (smart
courts).

• 72·Π5%-)23Μ)()· ῭23·25῭5΄24+ 3·2 ῞-΄µ234+ ¨0·2΄΅*+ : ῝΅µ᾿=5(·2∆1*/%· case
studies /%( -΅-!2µ%!% %᾿6 Α··¨µ=+ !.;=(+ µ= ῟(%∆¨5=!(/6 Ο=-µ(/6 ΅᾿6Λ%15¨, ᾿5¨/=(-
µΑ·¨΅ ·% %᾿¨!΅᾿Γ1=῾ * =᾿῾῟5%-* !Γ· LLMs -= ᾿¨(/῾·% Τ΅1µ(-!(/., ᾿¨·(!(-µ(/. /%(
΄·Γ--(/. ᾿=5(Λ.··¨·!%.

• Φ%5΄Α·΄2µΜ)()· ῭-῭5µ6+*+ 3·2 benchmarking: 3᾿=·Α΄*-%· =∆%5µ¨΄Α+ ᾿¨΅ %-
;(¨᾿¨(¨:· %·¨(Θ!., =᾿(-2µΓ+ !=/µ*5(ΓµΑ·% /%( -΅Θ·. Θ5*-(µ¨᾿¨(¨:µ=·% datasets
(LexGLUE, LeCaRD, ECtHR, CUAD, LEDGAR, LegalBench-RAG), =᾿(!5Α᾿¨·!%+ %;(-
6᾿(-!* -:΄/5(-* /%( =᾿%·21=΅-* !Γ· %᾿¨!=·=-µ.!Γ·.

• ῾%2)Ν%2· ¨%·3)23ΝΚ 3·2 ῞-΄µ23ΝΚ ΄῝+/Π-2·Κ : 3·!.Θ1*/%· =∆%5µ¨΄Α+ /%( µ=·Α!=+
᾿¨΅ -΅·῟Α¨·!%( µ= ᾿5%΄µ%!(/Α+ %·.΄/=+ !¨΅ ·¨µ(/¨: =᾿%΄΄Α·µ%!¨+, !*+ ῟(/%-!(/2+
᾿5%/!(/2+ /%( !*+ ῟*µ6-(%+ ῟(¨῾/*-*+, 6᾿Γ+ ᾿.Θ. %΅!¨µ%!¨᾿¨(*µΑ·* ·¨µ(/2 !=/µ*-
Τ῾Γ-*, ΅᾿¨-!25(;* ·2Κ*+ %᾿6∆%-*+, %·.·΅-* ·¨µ¨·¨΄῾%+ 2 ῟(%Θ=῾5(-* ·¨µ(/)· Τ¨)·
=5΄%-῾%+.

• ῾%2)23Ν ·¨5)΅µ(΄( : 761*/= ᾿5¨!=5%(6!*!% -= =∆%5µ¨΄Α+ /%( µ=·Α!=+ ᾿¨΅ !=/µ*5(-
)·¨΅· 6Θ( µ6·¨ !% ᾿·=¨·=/!2µ%!%, %··. /%( !(+ !=Θ·(/Α+, Τ΅1µ(-!(/Α+ 2 *1(/Α+ ᾿5¨-
/·2-=(+ (6᾿Γ+ bias, hallucinations, explainability, data privacy).

῝!*· =5΄%-῾% -΅µ᾿=5(·%µΛ.·¨·!%( /%( ᾿%5%῟=῾΄µ%!% %᾿6 !*· =··*·(/2 ᾿5%΄µ%!(/6!*-
!% 2 %᾿6 -΅-!2µ%!% ᾿¨΅ µ᾿¨5¨:· ·% %;(¨᾿¨(*1¨:·/᾿5¨-%5µ¨-!¨:· -!¨ =··*·(/6 ·¨µ(/6
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᾿=5(Λ.··¨·, )-!= ·% %·%῟=(Θ1¨:· !% =(῟(/. Υ*!2µ%!% =∆%5µ¨΄2+ !Γ· LLMs -= Θ)5=+ µ=
᾿=5(¨5(-µΑ·% datasets /%( (῟(%῾!=5=+ Ο=-µ(/Α+ %᾿%(!2-=(+. ,Α·¨+, -= /.1= ᾿=5῾᾿!Γ-*, *
=᾿(·¨΄2 Α΄(·= µ= -!6Θ¨ !* ῟(%-∆.·(-* !*+ !=Θ·(/2+ ᾿·*56!*!%+, !*+ Ο=-µ(/2+ =΄/΅56!*-
!%+ /%( !*+ ῟΅·%!6!*!%+ =;%΄Γ΄2+ -΅΄/5῾-(µΓ· /%( =᾿%·*1=:-(µΓ· -΅µ᾿=5%-µ.!Γ· ΄(% !*·
=᾿῾῟5%-* !Γ· LLMs -!¨· ·¨µ(/6 !¨µΑ%.

2.3 Φ0·΅΄25 ·Θ250Μ.(΄(Κ .2· +5µ236Κ -Π·%µ5.6Κ LLM

Χ %;(¨·6΄*-* !Γ· ·¨µ(/)· =∆%5µ¨΄)· !Γ· 4=΄.·Γ· Β·Γ--(/)· 4¨·!Α·Γ· -!*5῾Σ=!%( -=
Α·% ᾿¨·΅=᾿῾᾿=῟¨ /%( !=Θ·(/. =-!(%-µΑ·¨ ᾿·%῾-(¨, !¨ ¨᾿¨῾¨ ·%µΛ.·=( ΅᾿6Κ* !6-¨ !(+ %᾿%(-
!2-=(+ !*+ µ*Θ%·(/2+ µ.1*-*+ 6-¨ /%( !(+ (῟(%(!=56!*!=+ !¨΅ ·¨µ(/¨: /·.῟¨΅. Χ =᾿(·¨΄2
!Γ· benchmarking µ=1¨῟¨·¨΄()· /%( !Γ· µ=!5(/)· Α΄(·= µ= -!6Θ¨ !* µΑ΄(-!* %/5῾Λ=(%, =5-
µ*·=΅-(µ6!*!% /%( =᾿(-!*µ¨·(/2 =΄/΅56!*!% !Γ· %᾿¨!=·=-µ.!Γ·.

Β(% !*· %᾿¨!῾µ*-* !*+ %᾿6῟¨-*+ !Γ· LLMs %;(¨᾿¨(¨:·!%( ῟(=1·)+ %·%΄·Γ5(-µΑ·% bench-
marking frameworks ᾿¨΅ ΑΘ¨΅· -Θ=῟(%-!=῾ =(῟(/. ΄(% ·¨µ(/. tasks, 6᾿Γ+ !¨ LegalBench-
RAG (΄(% Retrieval-Augmented Generation), !¨ LexGLUE (΄(% classification, outcome pre-
diction /%( statute classification), !¨ LeCaRD (΄(% retrieval tasks), !¨ ContractNLI (΄(%
entailment -= ·¨µ(/. -΅µΛ6·%(%), !¨ CUAD (΄(% clause extraction) /%( !¨ LegalRAG (΄(%
%;(¨·6΄*-* faithfulness /%( citation accuracy -= real-world pipelines).

῝= =5΄%-῾=+ 6᾿¨΅ * %΅!6µ%!* %;(¨·6΄*-* ῟=· %5/=῾, =·-Γµ%!)·¨·!%( ῟(%῟(/%-῾=+ %-
;(¨·6΄*-*+ %᾿6 =;=(῟(/=΅µΑ·¨΅+ ·¨µ(/¨:+ (expert review panels), !6-¨ ΄(% !*· ¨516!*!%
6-¨ /%( ΄(% !* ·¨µ(/2 ᾿·*56!*!% !Γ· %᾿%·!2-=Γ·. Χ -΅·῟΅%-!(/2 Θ52-* automated /%(
human-centered µ=!5(/)· =·(-Θ:=( !*· %;(¨᾿(-!῾% /%( !* Τ=%·(-!(/6!*!% !Γ· %᾿¨!=·=-µ.!Γ·.
,¨ ᾿·%῾-(¨ %;(¨·6΄*-*+ ᾿=5(·%µΛ.·=( -:΄/5(-* ῟(%∆¨5=!(/)· µ¨·!Α·Γ· (general-purpose
Α·%·!( legal-tuned LLMs), %5Θ(!=/!¨·(/)· (dense, sparse, hybrid retrievers),reranking µ=-
Ο6῟Γ· (BM25, MMR, cross-encoders), %··. /%( -:΄/5(-* -= ᾿¨··%᾿·Α+ ΄·)--=+ /%( ·¨µ(/.
᾿=5(Λ.··¨·!% (᾿.Θ. -:΄/5(-* =᾿῾῟¨-*+ -= %΄΄·(/., /(·=Σ(/., =··*·(/. datasets). 3᾿(᾿·Α¨·,
·%µΛ.·¨·!%( ΅᾿6Κ* ¨( ᾿=5(¨5(-µ¨῾ !Γ· benchmarks, 6᾿Γ+ ¨ ᾿=5(¨5(-µ6+ -!% %΄΄·(/. ῟=῟¨-
µΑ·%, * ῟(%1=-(µ6!*!% ᾿56!΅᾿Γ· -Θ¨·(%-µΑ·Γ· ῟=῟¨µΑ·Γ· gold standard annotations /%(
* ΅᾿¨/=(µ=·(/6!*!% -!*· %·15)᾿(·* %;(¨·6΄*-*.

2.4 Φ-%25%2΄µ5΅ )(Κ 6%-῝+·Κ

῭%5. !* -΅-!*µ%!(/2 /%( ᾿¨·΅᾿%5%΄¨·!(/2 µ=1¨῟¨·¨΄(/2 ᾿5¨-Α΄΄(-* ᾿¨΅ ΅(¨1=!21*-
/= -!*· ᾿%5¨:-% =5΄%-῾%, =;%/¨·¨΅1¨:· ·% ΅∆῾-!%·!%( -*µ%·!(/¨῾ ᾿=5(¨5(-µ¨῾ ᾿¨΅ =᾿*5=-
.Σ¨΅· !* ΄=·(/=΅-(µ6!*!%, !* -΅΄/5(-(µ6!*!% /%( !*· ᾿5%/!(/2 %;(¨᾿¨῾*-* !Γ· =΅5*µ.!Γ·.

῭%5%/.!Γ %·%·:¨·!%( ¨( %/6·¨΅1¨( ᾿=5(¨5(-µ¨῾ :

1. Φ-%25%2΄µ5΅ ΄)· ῭-῭5µ6+· 3·2 ΄)· ῭2·Ο6΄2µ· ¨0·΅΄2· ·Θ250Μ.(΄(Κ (bench-

marks): Χ ᾿·=(¨·6!*!% !Γ· ῟*µ¨-῾Γ+ ῟(%1Α-(µΓ· -΅·6·Γ· ῟=῟¨µΑ·Γ· (datasets) /%(
᾿·%(-῾Γ· %;(¨·6΄*-*+ (benchmarks) ΑΘ=( ῟(%µ¨5∆Γ1=῾ µ= ΄·)µ¨·% !% %΄΄·(/. /%(
!(+ %΄΄·¨-%;¨·(/Α+ Α··¨µ=+ !.;=(+ (common law), ᾿%5%µ=5῾Σ¨·!%+ !* ·¨µ(/2, ΄·Γ--(-
/2 /%( Ο=-µ(/2 ᾿¨(/(·¨µ¨5∆῾% ᾿¨΅ Θ%5%/!*5῾Σ=( .··=+ ᾿=5(¨ΘΑ+ (6᾿Γ+ *᾿=(5Γ!(/Α+,
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Μ%·/%·(/Α+ 2 %-(%!(/Α+ ῟(/%(¨῟¨-῾=+). 9΅!6 ΑΘ=( Γ+ %᾿¨!Α·=-µ% ·% ΅᾿.5Θ=( ᾿=5(¨-
Τ(-µΑ·* %·!(᾿5¨-Γ᾿=΅!(/6!*!% ΄(% ·¨µ(/. -΅-!2µ%!% µ= ῟(%∆¨5=!(/2 ῟¨µ2, ΄·)--%,
·¨µ¨1=-῾% 2 Μ%1µ6 Κ*∆(%/2+ Γ5(µ6!*!%+. 3᾿(᾿·Α¨·, ᾿¨··. -:·¨·% ῟=῟¨µΑ·Γ· ᾿=5(-
·%µΛ.·¨΅· µ6·¨ =᾿(∆%·=(%/2 -2µ%·-* (shallow annotation) 2 ᾿%5¨΅-(.Σ¨΅· Α··=(Κ*
-!%1=5)· /%( ῟(%∆%·)· /%·6·Γ· -Θ¨·(%-µ¨:, ῟΅-Θ=5%῾·¨·!%+ !*· %;(6᾿(-!* =/᾿%-
῾῟=΅-* /%( %;(¨·6΄*-* µ¨·!Α·Γ· -= ᾿¨·:᾿·¨/% tasks, 6᾿Γ+ * =᾿=;2΄*-* ·¨µ(/2+
=᾿(Θ=(5*µ%!¨·¨΄῾%+ 2 * -΅-ΘΑ!(-* %᾿6∆%-*+ /%( ᾿5%΄µ%!(/)· ᾿=5(-!%!(/)·.

2. =¨53-2µ-+23Μ)()·, bias & consistency ΄)(+ ·+Ο%4¨2+( ·Θ250Μ.(΄( : 9· /%( *
%·15)᾿(·* %;(¨·6΄*-* (%᾿6 ·¨µ(/¨:+ 2 =5=΅·*!Α+) ᾿%5%µΑ·=( /5῾-(µ* ΄(% !* µΑ!5*-*
!*+ ·¨µ(/2+ ᾿·*56!*!%+ /%( !*+ %·*1¨∆.·=(%+ (faithfulness), =·!¨:!¨(+ Θ%5%/!*5῾Σ=!%(
%᾿6 ΅Κ*·6 Μ%1µ6 ΅᾿¨/=(µ=·(/6!*!%+, ῟(%∆¨5=!(/. -!%·῟%5῟+, %··. /%( !* ῟΅·%!6!*!%
=µ∆.·(-*+ ᾿5¨/%!%·2Κ=Γ· (bias) %·.·¨΄% µ= !¨ ·¨µ(/6 /%( ᾿¨·(!(-µ(/6 ΅᾿6Λ%15¨ !¨΅
%;(¨·¨΄*!2. Χ Μ(Λ·(¨΄5%∆῾% /%!%΄5.∆=( -*µ%·!(/2 ῟(%/:µ%·-* (µΑΘ5( /%( 20–25%)
-!% %᾿¨!=·Α-µ%!% µ=!%;: %;(¨·¨΄*!)·, =(῟(/. -= =5Γ!2µ%!% µ= ·¨µ(/2 2 ᾿5%΄µ%!(/2
%-.∆=(%. ῭%5.··*·%, !% ΅᾿.5Θ¨·!% =5΄%·=῾% %΅!¨µ%!¨᾿¨(*µΑ·*+ %;(¨·6΄*-*+ (᾿.Θ.
faithfulness checkers) ΑΘ¨΅· ᾿=5(¨5(-µΑ·* ῟΅·%!6!*!% %·῾Θ·=΅-*+ ·=᾿!)· ·¨µ(/)·
%᾿¨Θ5)-=Γ· 2 %µ∆῾-*µΓ· =5µ*·=()·.

3. Σ-Λ+23/ 3·2 µ-Ο5῭505.23/ Μ%2· )*+ ¨0·2΄΅*+ ·Θ250Μ.(΄(Κ 3·2 )*+ µ5+)60*+ :

,% ᾿(¨ =;=·(΄µΑ·% ᾿·%῾-(% %;(¨·6΄*-*+ (LegalBench-RAG, RAGAS, LeCoDe) =-!(.Σ¨΅·
/΅5῾Γ+ -= -΅΄/=/5(µΑ·¨΅+ !:᾿¨΅+ =5΄%-()· (tasks) /%( -΅·21Γ+ %΄·¨¨:· 2 %᾿·¨-
᾿¨(¨:· !* Τ¨2 ᾿5%΄µ%!(/)· ·¨µ(/)· ῟(%῟(/%-()·, =·) ᾿¨··. ·¨µ(/. tasks (6᾿Γ+ !¨
cross-jurisdictional legal reasoning 2 * %·.·΅-* !*+ =;Α·(;*+ ·¨µ¨·¨΄῾%+) ῟=· ΅᾿¨-!*-
Τ῾Σ¨·!%( %/6µ* %᾿6 =᾿῾-*µ% benchmarks. Χ %῟(%∆.·=(% !Γ· =;=·(΄µΑ·Γ· µ¨·!Α·Γ·
῟΅-/¨·=:=( !¨· =·!¨᾿(-µ6 ·%1)·, !*· =5µ*·=῾% !Γ· %᾿¨!=·=-µ.!Γ· (explainability) /%(
!*· %·.·΅-* !Γ· failure modes, ᾿=5(¨5῾Σ¨·!%+ !* ῟΅·%!6!*!% =᾿(-!*µ¨·(/2+ %·%᾿%-
Τ%΄Γ΄2+ /%( !=Θ·(/2+ Μ=·!῾Γ-*+.

4. !Θ/%)(΄( ·¨Μ -µ¨5%23/ APIs 3·2 ¨-%25%2΄µ6+( ῭2·Π/+-2· : Χ =΅5=῾% Θ52-* =-
µ᾿¨5(/)· ΅᾿*5=-()· (commercial LLM APIs), µ= /·=(-!. ῟=῟¨µΑ·% =/᾿%῾῟=΅-*+, %-
῟(%∆%·=῾+ µ*Θ%·(-µ¨:+ %;(¨·6΄*-*+ /%( .΄·Γ-!% =-Γ!=5(/. /5(!25(% (internal bench-
marks), ᾿=5(¨5῾Σ=( !*· =᾿(-!*µ¨·(/2 ῟(%∆.·=(% /%( !¨· %·¨(Θ!6 Α·=΄Θ¨ !Γ· %᾿¨!=-
·=-µ.!Γ·. Χ ᾿56-Λ%-* -= ·=᾿!¨µ=52 ῟=῟¨µΑ·% =/᾿%῾῟=΅-*+, logs 2 failure cases
-΅·21Γ+ ῟=· =῾·%( ῟΅·%!2, ΄=΄¨·6+ ᾿¨΅ ῟΅-Θ=5%῾·=( !6-¨ !¨· Α·=΄Θ¨ 6-¨ /%( !* Μ=·!(-
-!¨᾿¨῾*-* !Γ· -΅-!*µ.!Γ· -= ᾿5%/!(/6 =᾿῾᾿=῟¨.

5. Σ·ΛΧ)()· )-Λ+505.23ΝΚ -Θ602Θ(Κ, ῭2·Λ%5+23Μ)()· 3·2 sustainability: ,¨ =5=΅-
·*!(/6 ᾿=῟῾¨ !Γ· 4=΄.·Γ· Β·Γ--(/)· 4¨·!Α·Γ· (LLMs) Μ5῾-/=!%( -= Η.-* =/1=!(/2+
%·.᾿!΅;*+. ΦΑ% µ¨·!Α·%, !=Θ·(/Α+ /%( Η5%µ=Γ¨5/+ =µ∆%·῾Σ¨·!%( ῟(%5/)+, µ= %᾿¨-
!Α·=-µ% !% ῟=῟¨µΑ·%, !% benchmarks 2 %/6µ* /%( !% best practices ᾿¨΅ ᾿=5(΄5.∆¨-
·!%( -!*· ᾿%5¨:-% =5΄%-῾% ·% /(·῟΅·=:¨΅· ·% /%!%-!¨:· -:·!¨µ% ᾿%5ΓΘ*µΑ·%. Χ
῟(%Θ5¨·(/2 =΄/΅56!*!% !Γ· -΅µ᾿=5%-µ.!Γ· %᾿%(!=῾ ῟(%5/2 =᾿(/%(5¨᾿¨῾*-*, =᾿%·%-
;(¨·6΄*-* /%( ᾿5¨-%5µ¨΄2 -!% !5ΑΘ¨·!% =᾿(-!*µ¨·(/. /%( Ο=-µ(/. ῟=῟¨µΑ·%.
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6. Φ-%25%2΄µ5΅ ¨%Μ΄Α·΄(Κ, ῭2·0-2)5῝%.23Μ)()·Κ 3·2 ῞-΄µ23/ -µ¨Μ῭2· : Χ ᾿56-Λ%-
-* -= ᾿·25* ·¨µ(/. ῟=῟¨µΑ·% (6᾿Γ+ ᾿·25=(+ ῟(/%-!(/Α+ %᾿¨∆.-=(+, %·%·΅!(/. -΅µ-
Μ6·%(%, ᾿·25* -)µ%!% ·¨µ¨·¨΄῾%+ 2 ῟(¨(/*!(/. ῟=῟¨µΑ·%) ᾿%5%µΑ·=( ᾿=5(¨5(-µΑ·*
-= ᾿¨··Α+ Α··¨µ=+ !.;=(+, =῾!= ·6΄Γ ᾿·=΅µ%!(/)· ῟(/%(Γµ.!Γ·, =῾!= ·6΄Γ ᾿5¨-Γ᾿(-
/)· ῟=῟¨µΑ·Γ·, =῾!= =;%(!῾%+ Ο=-µ(/)· ᾿=5(¨5(-µ)· -!*· /΅/·¨∆¨5῾%, %᾿¨12/=΅-*
2 ῟(%µ¨(5%-µ6 !Γ· ῟=῟¨µΑ·Γ·. 9΅!6 /%1(-!. ῟΅-Θ=52 !*· ᾿5%/!(/2 %;(¨᾿¨῾*-*, !*
῟(%·=(!¨΅5΄(/6!*!% /%( !* -:΄/5(-* µ¨·!Α·Γ· 2 -΅-!*µ.!Γ· -= ῟(=1·Α+ =᾿῾᾿=῟¨.

7. Ω()Νµ·)· ῭2·Π/+-2·Κ, ·0.5%2Οµ23ΝΚ ῭23·25΄Χ+(Κ (fairness) 3·2 (Ο23ΝΚ ·Θ25-

0Μ.(΄(Κ : Χ %·῾Θ·=΅-* /%( * %᾿¨!῾µ*-* !*+ %·΄¨5(1µ(/2+ ᾿5¨/%!.·*Κ*+ (algorith-
mic bias), !*+ (-6!*!%+ ᾿56-Λ%-*+, !*+ =᾿%·*1=΅-(µ6!*!%+ (verifiability) /%( !*+ ῟(%-
Η.·=(%+ (transparency) ῟=· ΑΘ¨΅· %/6µ* !΅᾿¨᾿¨(*1=῾ ᾿·25Γ+ -!* ·¨µ(/2 ᾿·*5¨∆¨-
Τ(/2. ,% ΅᾿.5Θ¨·!% =5΄%·=῾% /%( µ=!5(/Α+ -΅Θ·. %΄·¨¨:· !% ῟(%∆¨5=!(/. -!%·῟%5῟+,
!¨΅+ /¨(·Γ·(/¨:+ /(·῟:·¨΅+ /%( !% =(῟(/. Θ%5%/!*5(-!(/. !Γ· =᾿(µΑ5¨΅+ ῟(/%(¨῟¨-()·,
%∆2·¨·!%+ -*µ%·!(/. =5Γ!2µ%!% %·¨(Θ!. ΄(% !* µ=··¨·!(/2 %;(¨·6΄*-* /%( %᾿¨῟¨Θ2
!Γ· ·:-=Γ· LLM.

῝΅·¨Κ῾Σ¨·!%+, ¨( ᾿%5%᾿.·Γ ᾿=5(¨5(-µ¨῾ /%!%῟=(/·:¨΅· µ(% =᾿(!%/!(/2 %·.΄/*, !*· %-
·.᾿!΅;* %·¨(Θ!)· /%( ῟(%·=(!¨΅5΄(/)· ῟=῟¨µΑ·Γ· /%( ᾿·%(-῾Γ· %;(¨·6΄*-*+ ᾿¨΅ ·% -ΑΛ¨·!%(
!* Ο=-µ(/2 ᾿¨·΅µ¨5∆῾%. ῭%5.··*·%, ¨ =µ᾿·¨΅!(-µ6+ !*+ !=Θ·(/2+ %;(¨·6΄*-*+ µ= %5ΘΑ+
6᾿Γ+ * %·15)᾿(·* /5(!(/2, * ῟(/%(¨-:·* /%( * ῟(%∆.·=(% =῾·%( %᾿%5%῾!*!¨+ ΄(% !* Μ()-(µ*
=·-Γµ.!Γ-* %΅!)· !Γ· !=Θ·¨·¨΄()· -!¨ ῟῾/%(¨.
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῾-Π/0·25 3

Η-*%()23Μ =¨ΜΑ·Ο%5

῝!¨ ᾿%56· /=∆.·%(¨ ᾿%5ΑΘ=!%( !¨ %᾿%5%῾!*!¨ Ο=Γ5*!(/6 ΅᾿6Λ%15¨ ᾿¨΅ %∆¨5. !=Θ·¨-
·¨΄῾=+ /%( µ=1¨῟¨·¨΄῾=+ ¨( ¨᾿¨῾=+ %;(¨᾿¨(¨:·!%( -!*· =/᾿6·*-* !*+ =5΄%-῾%+.

95Θ(/., ᾿%5¨΅-(.Σ¨·!%( !% 4=΄.·% Β·Γ--(/. 4¨·!Α·% (Large Language Models), %·%-
·:=!%( * %5Θ(!=/!¨·(/2 !¨΅+ /%( * ·=(!¨΅5΄῾% !¨΅+ -!¨ ᾿·%῾-(¨ !*+ 3᾿=;=5΄%-῾%+ ῞΅-(/2+
Β·)--%+ (Natural Language Processing). ῝!* -΅·ΑΘ=(%, ΄῾·=!%( %·%∆¨5. -= Μ%-(/. µ¨·!Α·%
6᾿Γ+ ¨( 4=!%-Θ*µ%!(-!Α+ (Transformers), !¨ GPT[7] /%( !¨ BERT [16] /%( =;=!.Σ¨·!%( ¨(
῟(%῟(/%-῾=+ =/᾿%῾῟=΅-*+ (training) /%( =;=(῟῾/=΅-*+ (fine-tuning) ᾿¨΅ %/¨·¨΅1¨:·!%(.

Χ =᾿6µ=·* =·6!*!% =᾿(/=·!5)·=!%( -!* Θ52-* !*+ ,=Θ·*!2+ Φ¨*µ¨-:·*+ (Artificial In-
telligence) -!¨ ᾿=῟῾¨ !*+ Φ¨µ(/2+ ῭·*5¨∆¨5(/2+ (Legal Informatics), ᾿%5¨΅-(.Σ¨·!%+ !*·
=;Α·(;* !*+ Φ¨µ(/2+ 3᾿=;=5΄%-῾%+ ῞΅-(/2+ Β·)--%+ (Legal Natural Language Processing)
/%( !% =;=(῟(/=΅µΑ·% ·¨µ(/. ΄·Γ--(/. µ¨·!Α·% (legal language models).

,Α·¨+, -΅Σ*!¨:·!%( ¨( Ο=µ=·()῟=(+ ᾿5¨/·2-=(+ ᾿¨΅ %∆¨5¨:· !*· =᾿=;*΄*-(µ6!*!% (ex-
plainability) !Γ· µ¨·!Α·Γ·, !* ῟(%Θ=῾5(-* !*+ ᾿5¨/%!.·*Κ*+ (bias) /%( !*· ᾿¨(6!*!% !Γ·
·¨µ(/)· ῟=῟¨µΑ·Γ· (legal data quality).

3.1 ,-./0· 10*΄΄23/ ,5+)60· : 8%Λ2)-3)5+23Ν 3·2 ῟-2)5῝%.΅·

,% 4=΄.·% Β·Γ--(/. 4¨·!Α·% %᾿¨!=·¨:· -2µ=5% !*· %(Θµ2 !*+ Α5=΅·%+ -!*· 3᾿=-
;=5΄%-῾% ῞΅-(/2+ Β·)--%+, ΑΘ¨·!%+ µ=!%-Θ*µ%!῾-=( !*· %΅!6µ%!* /%!%·6*-*, ᾿%5%΄Γ΄2
/%( %·.·΅-* !*+ %·15)᾿(·*+ ΄·)--%+ -= ᾿5Γ!¨∆%·Α+ =᾿῾᾿=῟¨. Χ Μ%-(/2 !¨΅+ %5Θ(!=/!¨-
·(/2 -!*5῾Σ=!%( -!¨΅+ 4=!%-Θ*µ%!(-!Α+ (Transformers)[16], ¨( ¨᾿¨῾¨( =(-2΄%΄%· Α·%· Τ(Σ(/.
·Α¨ !56᾿¨ =᾿=;=5΄%-῾%+ %/¨·¨΅1(%/)· ῟=῟¨µΑ·Γ·, ;=᾿=5·)·!%+ !% ῟¨µ(/. /%( ΅᾿¨·¨΄(-!(-
/. 65(% !Γ· ᾿5¨*΄¨:µ=·Γ· ·=΅5Γ·(/)· ᾿5¨-=΄΄῾-=Γ·, 6᾿Γ+ !% 3᾿%·%·*᾿!(/. Φ=΅5Γ·(/.
7῾/!΅% (Recurrent Neural Networks – RNNs) /%( !% ῝΅·=·(/!(/. 7῾/!΅% (Convolutional Neu-
ral Networks) [17].

Χ ῟¨µ2 !Γ· 4=!%-Θ*µ%!(-!)· =᾿(!5Α᾿=( !*· ᾿%5.··*·* =᾿=;=5΄%-῾% =(-6῟Γ· %΅1%῾5=!¨΅
µ2/¨΅+ µΑ-Γ !¨΅ µ*Θ%·(-µ¨: %΅!¨᾿5¨-¨Θ2+ (self-attention), /%1(-!)·!%+ ῟΅·%!2 !*· %᾿¨-
῟¨!(/2 /Γ῟(/¨᾿¨῾*-* /%( !*· %·῾Θ·=΅-* -΅-Θ=!῾-=Γ· %/6µ* /%( µ=!%;: %᾿¨µ%/5΅-µΑ·Γ·
·Α;=Γ· 2 =··¨()· µΑ-% -= Α·% /=῾µ=·¨ [17]. ῭%5.··*·%, ᾿%5%··%΄Α+ !*+ %5Θ(!=/!¨·(/2+,
6᾿Γ+ ¨ Transformer-XL[18], %·!(µ=!Γ᾿῾Σ¨΅· %᾿¨!=·=-µ%!(/. !¨ Υ2!*µ% !*+ %᾿¨12/=΅-*+
/%( =᾿=;=5΄%-῾%+ µ=΄.·Γ· %/¨·¨΅1()·, !¨ ¨᾿¨῾¨ %᾿¨!=·=῾ /5῾-(µ¨ ᾿%5.΄¨·!% ΄(% =∆%5µ¨-
΄Α+ -!¨ ῟῾/%(¨, 6᾿¨΅ !% Α΄΄5%∆% ᾿%5¨΅-(.Σ¨΅· µ=΄.·¨ µ2/¨+ /%( ᾿=5῾᾿·¨/* ῟¨µ2.
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Χ ᾿5%/!(/2 %;῾% !Γ· 4=΄.·Γ· Β·Γ--(/)· 4¨·!Α·Γ· (LLMs) -!¨· ·¨µ(/6 !¨µΑ% %᾿¨῟=(-
/·:=!%( %᾿6 ᾿56-∆%!=+ µ=·Α!=+ ᾿¨΅ =᾿(-*µ%῾·¨΅· 6!( !% µ¨·!Α·% %΅!. µ᾿¨5¨:· ·% ᾿%5.΄¨΅·
-΅·=/!(/6, ¨516 ·¨µ(/6 ·6΄¨ /%( ·% ᾿5¨-¨µ¨()-¨΅· ·¨µ(/Α+ ΄·Γµ¨῟¨!2-=(+ -= =᾿῾᾿=῟¨ ᾿¨΅
/%1(-!. ῟:-/¨·* %/6µ* /%( ΄(% ·¨µ(/¨:+ !*· %·῾Θ·=΅-* !*+ -΅·1=!(/2+ ᾿5¨Α·=΅-*+ !¨΅
/=(µΑ·¨΅ [19]. 3(῟(/6!=5%, * =/᾿%῾῟=΅-* -= µ=΄.·=+ -΅··¨΄Α+ ·¨µ(/)· ῟=῟¨µΑ·Γ·, 6᾿Γ+
῟(/%-!(/Α+ %᾿¨∆.-=(+, /%·¨·(-µ¨῾ /%( -΅µΛ.-=(+, =᾿(!5Α᾿=( -!% LLMs ·% µ.1¨΅· !(+ (῟(%(-
!=56!*!=+ !*+ ·¨µ(/2+ ¨5¨·¨΄῾%+ /%( !* ·¨΄(/2 ῟6µ*-* !Γ· =᾿(Θ=(5*µ.!Γ· [20].

῝!*· ᾿5.;*, !% LLMs Θ5*-(µ¨᾿¨(¨:· !¨ ᾿·%῾-(¨ !*+ %΅!¨=᾿¨᾿!=΅6µ=·*+ µ.1*-*+ (self-
supervised learning) /%!. !¨ -!.῟(¨ !*+ ᾿5¨=/᾿%῾῟=΅-*+, %;(¨᾿¨()·!%+ !=Θ·(/Α+ 6᾿Γ+ *
/=/%·΅µµΑ·* µ¨·!=·¨᾿¨῾*-* ΄·)--%+ (Masked Language Modeling) 2 * %(!(%/2 µ¨·!=·¨-
᾿¨῾*-* (Causal Language Modeling) ΄(% ·% /%!%·¨2-¨΅· !* -΅·!%/!(/2 /%( -*µ%-(¨·¨΄(/2
᾿·*5¨∆¨5῾% ᾿¨΅ /5:Λ=!%( -!% µ=΄.·% ·¨µ(/. -)µ%!% /=(µΑ·Γ· [17, 19]. ῝!* -΅·ΑΘ=(%, *
=;=(῟῾/=΅-* !Γ· µ¨·!Α·Γ· %΅!)· -= ·¨µ(/. tasks ΄῾·=!%( µΑ-Γ fine-tuning ᾿.·Γ -= =;=(-
῟(/=΅µΑ·% ·¨µ(/. ῟=῟¨µΑ·%, ῟(%῟(/%-῾% ᾿¨΅ ¨῟*΄=῾ -= µ¨·!Α·% 6᾿Γ+ !% Legal-BERT /%(
LegalPro-BERT, !% ¨᾿¨῾% ΅᾿=5!=5¨:· -*µ%·!(/. Α·%·!( !Γ· ΄=·(/)· LLMs -= tasks 6᾿Γ+
* !%;(·6µ*-* Τ*!5)·, * =;%΄Γ΄2 ¨·!¨!2!Γ· /%( * %·%΄·)5(-* -΅-Θ=!῾-=Γ· -= -΅µΛ%!(/.
/=῾µ=·% [20][21].

Χ -*µ%-῾% !*+ ᾿5¨-%5µ¨΄2+ -!* ·¨µ(/2 ΄·)--% =·(-Θ:=!%( %᾿6 !% %᾿¨!=·Α-µ%!% !Γ·
᾿56-∆%!Γ· ῟(%΄Γ·(-µ)· (6᾿Γ+ !¨ COLIEE[21]), 6᾿¨΅ !% =;=(῟(/=΅µΑ·% µ¨·!Α·% transformer
=᾿(!΅΄Θ.·¨΅· -*µ%·!(/. /%·:!=5* %᾿6῟¨-* !6-¨ -!*· %·./!*-* ·¨µ(/2+ ᾿·*5¨∆¨5῾%+ 6-¨
/%( -!* -΅µ᾿=5%-µ%!¨·¨΄῾% (entailment). ,% µ¨·!Α·% %΅!. %;(¨᾿¨(¨:· !=Θ·(/Α+ 6᾿Γ+ !%
=·-Γµ%!)µ%!% -= =᾿῾᾿=῟¨ ᾿56!%-*+ (sentence-level embeddings), !* -΅-ΘΑ!(-* µΑ-Γ -΅·*-
µ(!6·¨΅ (cosine similarity), !*· %᾿6-!%;* ΄·)-*+ (knowledge distillation) /%( ᾿5¨*΄µΑ·=+
µ=16῟¨΅+ !%;(·6µ*-*+. 3᾿(᾿·Α¨·, * %;(¨᾿¨῾*-* !=Θ·(/)· µ=!%∆¨5.+ µ.1*-*+ (transfer
learning) /%( %᾿6-!%;*+ ΄·)-*+ (knowledge distillation) ΑΘ=( =᾿(!5ΑΚ=( !*· %·.᾿!΅;* ᾿(¨ %-
᾿¨῟¨!(/)· /%( =·%∆5()· µ¨·!Α·Γ·, ΘΓ5῾+ ·% Ο΅-(.Σ=!%( * %/5῾Λ=(% -= =;=(῟(/=΅µΑ·=+ ·¨µ(/Α+
=5΄%-῾=+ (tasks) [22].

῭%5.··*·%, µ=·Α!=+ -= ᾿5%΄µ%!(/Α+ =∆%5µ¨΄Α+, 6᾿Γ+ * %·./!*-* %᾿%·!2-=Γ· -= ·¨-
µ(/. =5Γ!2µ%!%, =᾿(Λ=Λ%()·¨΅· 6!( µ¨·!Α·% 6᾿Γ+ !¨ RoBERTa /%( !¨ DeBERTa ΅᾿=5!=5¨:·
-*µ%·!(/. !Γ· ᾿%5%῟¨-(%/)· µ=16῟Γ· µ*Θ%·(/2+ µ.1*-*+ (6᾿Γ+ !% Support Vector Ma-
chines), !6-¨ Γ+ ᾿5¨+ !*· %/5῾Λ=(% 6-¨ /%( Γ+ ᾿5¨+ !*· /%!.!%;* !Γ· %᾿¨!=·=-µ.!Γ·, =·)
᾿%5.··*·% %·!(µ=!Γ᾿῾Σ¨΅· %᾿¨!=·=-µ%!(/. !% -:·1=!% Θ%5%/!*5(-!(/. !*+ ·¨µ(/2+ ΄·)--
-%+ /%( !*+ Τ*!¨5(/2+ [22].

,Α·¨+, ¨( ᾿5¨/·2-=(+ ᾿¨΅ ᾿%5%µΑ·¨΅· -!¨ ᾿=῟῾¨ !Γ· 4=΄.·Γ· Β·Γ--(/)· 4¨·!Α·Γ· ΄(%
·¨µ(/Α+ =∆%5µ¨΄Α+ -Θ=!῾Σ¨·!%( /΅5῾Γ+ µ= !* ῟(%Θ=῾5(-* !*+ Α··=(Κ*+ µ=΄.·Γ·, %;(6᾿(-!Γ·
=᾿(-*µ%-µΑ·Γ· -΅·6·Γ· ῟=῟¨µΑ·Γ·, !*· :᾿%5;* =;=(῟(/=΅µΑ·*+ ¨5¨·¨΄῾%+, /%1)+ /%( !*
ΜΑ·!(-!* %;(¨᾿¨῾*-* !Γ· !=Θ·(/)· fine-tuning /%( transfer learning ΄(% !*· ᾿5¨-%5µ¨΄2
!Γ· ΄=·(/)· LLMs -!% (῟(%῾!=5% Θ%5%/!*5(-!(/. !¨΅ ῟(/%῾¨΅[19].

3.1.1 ΒΧ.Λ%5+-Κ 8%Λ2)-3)5+236Κ ,-./0*+ 10*΄΄234+ ,5+)60*+

Χ Τ%΄῟%῾% ᾿56¨῟¨+ -!*· %·.᾿!΅;* 4=΄.·Γ· Β·Γ--(/)· 4¨·!Α·Γ· (Large Language
Models – LLMs) Μ%-῾Σ=!%( -!*· !=Θ·(/2 Γ5῾µ%·-* /%( !* ῟(%5/2 =;Α·(;* !Γ· %5Θ(!=/!¨·(/)·
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3.1.1 ῝:΄Θ5¨·=+ 95Θ(!=/!¨·(/Α+ 4=΄.·Γ· Β·Γ--(/)· 4¨·!Α·Γ·

µ=!%-Θ*µ%!(-!)· (Transformers) [23]. 4=!. !*· /%1(Α5Γ-* !Γ· Transformers Γ+ !¨ /΅5῾%5-
Θ¨ ΅᾿6῟=(΄µ% ΄(% !*· 3᾿=;=5΄%-῾% ῞΅-(/2+ Β·)--%+ (Natural Language Processing – NLP),
* =5=΅·*!(/2 /¨(·6!*!% ΑΘ=( ᾿5¨!=῾·=( /%( Μ=·!(-!¨᾿¨(2-=( µ(% =΅5=῾% ΄/.µ% ᾿%5%··%΄)·
᾿¨΅ %·!%᾿¨/5῾·¨·!%( -!(+ ᾿5¨/·2-=(+ !*+ /%!%·6*-*+, ᾿%5%΄Γ΄2+ /%( %·.·΅-*+ /=(µΑ·¨΅
-= ᾿5%΄µ%!(/. -=·.5(%.

0=·!5(/6 Τ6·¨ -!*· =;Α·(;* %΅!2 /%!ΑΘ¨΅· !% µ¨·!Α·% µ6·¨ /Γ῟(/¨᾿¨(*!2 (encoder-
only), µ= Θ%5%/!*5(-!(/6!=5¨ ᾿%5.῟=(΄µ% !¨ BERT (Bidirectional Encoder Representations
from Transformers) [16]. ,¨ BERT =(-.΄=( !* -!5%!*΄(/2 !*+ %µ∆῾῟5¨µ*+ µ.1*-*+ (bidirec-
tional learning) µ= !*· /=/%·΅µµΑ·* µ¨·!=·¨᾿¨῾*-* ΄·)--%+ (Masked Language Modeling
– MLM) /%( !*· ᾿56Λ·=Κ* =᾿6µ=·*+ ᾿56!%-*+ (Next Sentence Prediction – NSP), Μ=·!(-
)·¨·!%+ !*· %᾿6῟¨-* -= =5΄%-῾=+ ᾿¨΅ %᾿%(!¨:· /%!%·6*-* -:·1=!Γ· ΄·Γ--(/)· ῟¨µ)·.
4=·Α!=+ Α῟=(;%· 6!( * %∆%῾5=-* ¨5(-µΑ·Γ· ᾿=5(¨5(-µ)·, 6᾿Γ+ !¨ NSP, /%( * =/᾿%῾῟=΅-* -=
!=5.-!(% datasets ¨῟*΄=῾ -= =·!΅᾿Γ-(%/Α+ Μ=·!()-=(+, 6᾿Γ+ /%!%῟=(/·:=( !¨ RoBERTa (Ro-
bustly Optimized BERT Approach) [24]. ,¨ RoBERTa ᾿Α!΅Θ= /¨5΅∆%῾=+ =᾿(῟6-=(+ -= tasks
%·%΄·)5(-*+ ¨·!¨!2!Γ· /%( !%;(·6µ*-*+ %/6µ% /%( -= ·¨µ(/. ῟=῟¨µΑ·% [22], =·) ΅᾿¨-!*-
Τ῾Σ=( !%Θ:!=5* /%( -!%1=56!=5* =/᾿%῾῟=΅-* µΑ-Γ /%·:!=5*+ ῟(%Θ=῾5(-*+ ΅᾿=5᾿%5%µΑ!5Γ·
(hyperparameters).

Χ %·.΄/* ΄(% ΅·¨᾿¨῾*-* -= ΅᾿¨·¨΄(-!(/. ᾿=5(¨5(-µΑ·% ᾿=5(Λ.··¨·!% /%( =∆%5µ¨΄Α+
᾿5%΄µ%!(/¨: Θ56·¨΅ ¨῟2΄*-= -!*· %·.᾿!΅;* =·%∆5()· ᾿%5%··%΄)· 6᾿Γ+ !¨ DistilBERT
[25]. 4= !=Θ·(/2 %᾿6-!%;*+ ΄·)-*+ (knowledge distillation), !¨ DistilBERT ῟(%!*5=῾ !¨ 97%
!*+ %᾿6῟¨-*+ !¨΅ BERT µ= -Θ=῟6· !¨ µ(-6 µΑ΄=1¨+ /%( ᾿¨·: Θ%µ*·6!=5¨ latency, =·) ¨
-Θ=῟(%-µ6+ !¨΅ Μ%-῾Σ=!%( -= !5(᾿·2 %᾿)·=(% (triple loss) )-!= ·% µ=!%∆Α5=( !(+ ΄·)-=(+ /%(
!* -΅µ᾿=5(∆¨5. !¨΅ teacher µ¨·!Α·¨΅ -!¨ -΅µ᾿(=-µΑ·¨ student µ¨·!Α·¨.

῝!¨· %·!῾᾿¨῟%, !% µ¨·!Α·% %᾿¨/Γ῟(/¨᾿¨(*!2 (decoder-only) =᾿(/=·!5)·¨·!%( -!* ῟*-
µ(¨΅5΄῾% /=(µΑ·¨΅, µ= -*µ=῾¨ %·%∆¨5.+ !¨ GPT (Generative Pre-trained Transformer) [26].
Χ =/᾿%῾῟=΅-* µΑ-Γ %(!(%/2+ µ¨·!=·¨᾿¨῾*-*+ (causal language modeling – CLM) !% /%1(-!.
(/%·. ·% ᾿%5.΄¨΅· Η΅-(/6, -΅·=/!(/6 ·6΄¨, µ= /.1= =᾿6µ=·* ·Α;* ·% =;%5!.!%( ῟΅·%µ(/.
%᾿6 !¨ -΅·¨·(/6 (-!¨5(/6 !*+ %/¨·¨΅1῾%+. Χ !=5.-!(% %·.᾿!΅;* !Γ· ᾿%5%µΑ!5Γ· -= µ¨·!Α·%
6᾿Γ+ !¨ GPT-3 2 !% -:΄Θ5¨·% PaLM, Llama /%( Mistral [23], -= -΅·῟΅%-µ6 µ= !=Θ·(/Α+
6᾿Γ+ !¨ Mixture-of-Experts, Α1=-= ·Α% ᾿56!΅᾿% ΄(% !*· ᾿¨·΅·=(!¨΅5΄(/6!*!% /%( !*· ᾿5¨-
-%5µ¨-!(/6!*!%, ᾿5¨-∆Α5¨·!%+ ῟΅·%!6!*!=+ few-shot, zero-shot /%( in-context learning. Χ
Θ52-* prompt engineering, * ᾿%5%µ=!5(/2 ᾿5¨-%5µ¨΄2 (parameter-e!cient tuning), %··.
/%( * ΅(¨1Α!*-* !=Θ·(/)· 6᾿Γ+ !¨ Reinforcement Learning from Human Feedback – RLHF
[27] =·(-Θ:¨΅· ᾿=5%(!Α5Γ !*· %᾿6῟¨-*, !*· =΅1΅΄5.µµ(-* µ= %·15)᾿(·=+ ᾿5¨-῟¨/῾=+ /%(
!*· (/%·6!*!% ΄(% %-∆%·2, =·=΄Θ6µ=·* ᾿%5%΄Γ΄2 ᾿=5(=Θ¨µΑ·¨΅.

3(῟(/2 ΟΑ-* -!* -:΄Θ5¨·* Μ(Λ·(¨΄5%∆῾% /%!%·%µΛ.·¨΅· !% µ¨·!Α·% /Γ῟(/¨᾿¨(*!2-
%᾿¨/Γ῟(/¨᾿¨(*!2 (encoder-decoder), 6᾿Γ+ !¨ T5 (Text-to-Text Transfer Transformer), ᾿¨΅
=(-.΄=( µ(% =·¨᾿¨(*µΑ·* ᾿5¨-Α΄΄(-* : 6·% !% ᾿5¨Λ·2µ%!% NLP ῟(%!΅᾿)·¨·!%( Γ+ µ=!%!5¨᾿Α+
/=(µΑ·¨΅ -= /=῾µ=·¨. 9΅!2 * -!5%!*΄(/2 %᾿·¨᾿¨(=῾ ῟5%-!(/. !¨ transfer learning /%( =᾿(-
!5Α᾿=( !¨ fine-tuning -= ᾿·21¨+ tasks (µ=!.∆5%-*, ᾿=5῾·*Κ*, =5)!*-*-%᾿.·!*-*, -:·1=-*
·¨µ(/)· =΄΄5.∆Γ·) [23].

Ε( -:΄Θ5¨·=+ =;=·῾;=(+ ᾿=5(·%µΛ.·¨΅· !*· =·-Γµ.!Γ-* =;Γ!=5(/)· ᾿*΄)· ΄·)-*+ µΑ-Γ
%5Θ(!=/!¨·(/)· retrieval-augmented generation, =᾿(!5Α᾿¨·!%+ -!% LLMs ·% -΅·῟΅.Σ¨΅· =-

76¨82µ·*6/( 9%῭·).· 31



0=∆.·%(¨ 3. Ξ=Γ5*!(/6 Ρ᾿6Λ%15¨

᾿=;=5΄%-῾% µ= =·*µ=5ΓµΑ·=+ %᾿%·!2-=(+ Μ%-(-µΑ·=+ -= ᾿5%΄µ%!(/6 Θ56·¨ [28]. 4=·Α!=+
Α῟=(;%· 6!(, =(῟(/. -= domains µ= ΅Κ*·2 %᾿%῾!*-* %/5῾Λ=(%+ /%( =;=(῟῾/=΅-*+, 6᾿Γ+ *
·¨µ(/2 ᾿·*5¨∆¨5(/2, ¨( RAG ᾿5¨-=΄΄῾-=(+ Μ=·!()·¨΅· -*µ%·!(/. !*· %;(¨᾿(-!῾% /%( !*·
=΄/΅56!*!% !Γ· %᾿¨!=·=-µ.!Γ·, %·!(µ=!Γ᾿῾Σ¨·!%+ %᾿¨!=·=-µ%!(/. !¨ Η%(·6µ=·¨ !Γ· «᾿%5%(-
-12-=Γ·» (hallucinations)[27], 6᾿Γ+ Ο% ᾿%5¨΅-(%-!=῾ %·%·΅!(/. -= =᾿6µ=·* =·6!*!%.

῝*µ%·!(/6 -!¨(Θ=῾¨ !*+ %;(¨·6΄*-*+ !Γ· %5Θ(!=/!¨·(/)· %᾿¨!=·=῾ * -΅΄/5(!(/2 !¨΅+
%᾿6῟¨-* -= !΅᾿¨᾿¨(*µΑ·% benchmarks, /%1)+ /%( -= =;=(῟(/=΅µΑ·% -:·¨·% ῟=῟¨µΑ·Γ·
᾿¨΅ %·!%·%/·¨:· !(+ %᾿%(!2-=(+ ᾿5%΄µ%!(/)· =∆%5µ¨΄)· [21][20]. Χ %·.·΅-* !Γ· %᾿¨!=-
·=-µ.!Γ· -= ῟(.∆¨5=+ µ=!5(/Α+, -= -΅·῟΅%-µ6 µ= !* ῟(=5=:·*-* !*+ %᾿¨῟¨!(/6!*!%+ /%(
!*+ ᾿5¨-%5µ¨-!(/6!*!%+ /.1= ᾿5¨-Α΄΄(-*+, %᾿¨!=·=῾ Μ%-(/6 /5(!25(¨ ΄(% !*· =᾿(·¨΄2 !*+
/%!.··*·*+ %5Θ(!=/!¨·(/2+ -= /.1= ᾿=῟῾¨ Θ52-*+ [17].

῝΅·¨·(/., * ῟(%5/2+ =;Α·(;* !Γ· %5Θ(!=/!¨·(/)· LLMs -!*5῾Σ=!%( -!* -΅·῟΅%-!(/2 %-
;(¨᾿¨῾*-* ᾿5¨6῟Γ· -!¨· -Θ=῟(%-µ6 ·=΅5Γ·(/)· ῟(/!:Γ·, -!*· %:;*-* !*+ ΅᾿¨·¨΄(-!(/2+
(-Θ:¨+ /%( -!*· /%(·¨!¨µ῾% -!% µ%1*-(%/. -Θ2µ%!%. Ε( ᾿5¨¨᾿!(/Α+ ΄(% !% =᾿6µ=·% Θ56·(%
᾿=5(·%µΛ.·¨΅· %/6µ% ᾿(¨ %᾿¨῟¨!(/., =;=(῟(/=΅µΑ·% /%( =5µ*·=:-(µ% µ¨·!Α·%, /%1)+ /%(
Μ%1:!=5* =·-Γµ.!Γ-* -= =∆%5µ¨΄Α+ ΅Κ*·2+ /5(-(µ6!*!%+ 6᾿Γ+ !¨ ῟῾/%(¨, * ΅΄=῾% /%( *
῟*µ6-(% ῟(¨῾/*-* [23][28].

3.1.2 ,-Ο5῭505.΅-Κ !3¨·΅῭-῝΄(Κ 3·2 !Θ-2῭΅3-῝΄(Κ

Χ =/᾿%῾῟=΅-* !Γ· 4=΄.·Γ· Β·Γ--(/)· 4¨·!Α·Γ· (LLMs) %᾿¨!=·=῾!%( !΅᾿(/. %᾿6 ῟:¨
῟(%/5(!. -!.῟(% : !*· ᾿5¨=/᾿%῾῟=΅-* (pre-training) /%( !*· =;=(῟῾/=΅-* 2 ᾿=5%(!Α5Γ =/᾿%-
῾῟=΅-* (fine-tuning). ῝!¨ ᾿5)!¨ -!.῟(¨, !¨ µ¨·!Α·¨ =/᾿%(῟=:=!%( -= !=5.-!(=+ -΅··¨΄Α+ µ*
=᾿(-*µ=(ΓµΑ·Γ· ῟=῟¨µΑ·Γ·, 6᾿Γ+ Μ(Λ·῾%, .515%, (-!6!¨᾿¨΅+ /%( Η65¨΅µ. Β(% !¨ BERT[29],
Θ5*-(µ¨᾿¨(=῾!%( * !=Θ·(/2 !*+ /=/%·΅µµΑ·*+ µ¨·!=·¨᾿¨῾*-*+ ΄·)--%+ (MLM), 6᾿¨΅ ¨5(-
-µΑ·=+ ·Α;=(+ %·!(/%1῾-!%·!%( %᾿6 =(῟(/. tokens /%( !¨ µ¨·!Α·¨ /%·=῾!%( ·% ᾿5¨Λ·ΑΚ=( !¨
%5Θ(/6 ᾿=5(=Θ6µ=·¨, %;(¨᾿¨()·!%+ !% -΅µ∆5%Σ6µ=·% !6-¨ ᾿5(· 6-¨ /%( µ=!. !¨ /=·6. 3᾿῾-*+,
=∆%5µ6Σ=!%( * ῟(%῟(/%-῾% Next Sentence Prediction, /%!. !*· ¨᾿¨῾% !¨ µ¨·!Α·¨ µ%1%῾·=( ·%
῟(%/5῾·=( %· ῟:¨ ᾿5¨!.-=(+ %/¨·¨΅1¨:· ·¨΄(/. * µ῾% !*· .··*.

῝!¨ -!.῟(¨ !¨΅ fine-tuning, !¨ 2῟* ᾿5¨=/᾿%(῟=΅µΑ·¨ µ¨·!Α·¨ ᾿5¨-%5µ6Σ=!%( -= -΅-
΄/=/5(µΑ·=+ =5΄%-῾=+ µΑ-Γ =/᾿%῾῟=΅-*+ -= µ(/56!=5%, =;=(῟(/=΅µΑ·% -:·¨·% ῟=῟¨µΑ·Γ·.
Β(% ᾿%5.῟=(΄µ%, Α·% µ¨·!Α·¨ µ᾿¨5=῾ ·% =;=(῟(/=΅1=῾ -= =5΄%-῾=+ !%;(·6µ*-*+ ·¨µ(/)· =΄-
΄5.∆Γ·, %·%΄·)5(-*+ ¨·!¨!2!Γ· 2 %᾿.·!*-*+ -= =5Γ!2µ%!% ·¨µ(/¨: ᾿=5(=Θ¨µΑ·¨΅. 0%!.
!¨ fine-tuning, 6·=+ ¨( ᾿%5.µ=!5¨( !¨΅ µ¨·!Α·¨΅ %·%᾿5¨-%5µ6Σ¨·!%( µ= Μ.-* !¨ ·Α¨ !%-/,
΄=΄¨·6+ ᾿¨΅ =;%-∆%·῾Σ=( ΅Κ*·2 %᾿6῟¨-* %/6µ* /%( -= ᾿=῟῾% µ= Α·!¨·* =;=(῟῾/=΅-*, 6᾿Γ+
!¨ ῟῾/%(¨.

Χ -΅·¨·(/2 ῟(%῟(/%-῾% ᾿5¨=/᾿%῾῟=΅-*+ /%( =;=(῟῾/=΅-*+ ΄(% !¨ BERT %᾿¨!΅᾿)·=!%(
Θ%5%/!*5(-!(/. -!¨ ᾿%5%/.!Γ ῟(.΄5%µµ%, !¨ ¨᾿¨῾¨ ᾿%5¨΅-(.Σ=( !*· %5Θ(!=/!¨·(/2 !¨΅ µ¨-
·!Α·¨΅ /%( !% Μ%-(/. -!.῟(% µ.1*-*+, 6᾿Γ+ ῟*µ¨-(=:!*/%· -!*· =5΄%-῾% !Γ· [16]

3᾿(᾿·Α¨·, -:΄Θ5¨·=+ !=Θ·(/Α+, 6᾿Γ+ * ᾿5¨-%5µ¨΄2 ᾿5¨!5¨᾿)· (prompt tuning) — ῟*-
·%῟2 * ᾿5¨-=/!(/2 ῟(%µ65∆Γ-* !Γ· =(-6῟Γ· ᾿5¨+ !¨ µ¨·!Α·¨ — /%( * =·(-Θ΅!(/2 µ.1*-*
µ= %·15)᾿(·* %·%!5¨∆¨῟6!*-* (Reinforcement Learning from Human Feedback – RLHF),
ΑΘ¨΅· =᾿(!5ΑΚ=( !* ῟5%-!(/2 Μ=·!῾Γ-* !Γ· ᾿%5%΄6µ=·Γ· %᾿¨!=·=-µ.!Γ·. ,% µ¨·!Α·% %΅!.,
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3.2 ,=Θ·*!2 Φ¨*µ¨-:·* -!* Φ¨µ(/2 ῭·*5¨∆¨5(/2

µΑ-Γ fine-tuning -= ·¨µ(/. corpus, ᾿5¨-∆Α5¨΅· ᾿·Α¨· ·:-=(+ ΄(% %᾿%(!*!(/Α+ =∆%5µ¨΄Α+,
6᾿Γ+ %΅!6µ%!* =;%΄Γ΄2 Τ*!5)· %᾿6 -΅µΛ6·%(%, ·¨µ(/2 /%!*΄¨5(¨᾿¨῾*-* /%( =5µ*·=῾%
-:·1=!Γ· ·¨µ(/)· =΄΄5.∆Γ·.

Χ ᾿%5%᾿.·Γ µ=1¨῟¨·¨΄῾% =/᾿%῾῟=΅-*+ /%( =;=(῟῾/=΅-*+ %᾿¨!=·=῾ !¨ Ο=µΑ·(¨ ΄(% !*
µ=!.Λ%-* %᾿6 ΄=·(/¨:+ ΄·Γ--(/¨:+ =᾿=;=5΄%-!Α+ -= =;=(῟(/=΅µΑ·% =5΄%·=῾% ΄(% !¨· ·¨µ(/6
!¨µΑ%, ῟(%-∆%·῾Σ¨·!%+ ΅Κ*·2 %/5῾Λ=(% /%( %;(¨᾿(-!῾% -!% ᾿%5%΄6µ=·% %᾿¨!=·Α-µ%!%.

῝Θ2µ% 3.1: =᾿+µ·*6/( ·¨56/·-6)+ *2- )*·῾.2- ¨%΅5/¨·.῾5,)+0 /·6 5;56῾./5,)+0 (fine-tuning)
*΅, BERT.

3.2 Σ-Λ+()Ν ᾿5(µ5΄Χ+( ΄)( ᾿5µ23Ν Φ0(%5Π5%23Ν

Χ Φ¨µ(/2 ῭·*5¨∆¨5(/2 %᾿¨!=·=῾ !¨ =᾿(-!*µ¨·(/6 ᾿=῟῾¨ ᾿¨΅ =-!(.Σ=( -!*· %·.·΅-*,
¨5΄.·Γ-* /%( =᾿=;=5΄%-῾% ·¨µ(/)· ᾿·*5¨∆¨5()· µΑ-Γ ᾿5¨*΄µΑ·Γ· !=Θ·¨·¨΄(/)· µ=16῟Γ·.
4= !* Τ%΄῟%῾% =;Α·(;* !*+ ,=Θ·*!2+ Φ¨*µ¨-:·*+ ¨ !56᾿¨+ ῟(%Θ=῾5(-*+, %·.·΅-*+ /%( %;(¨᾿¨-
῾*-*+ ·¨µ(/)· ῟=῟¨µΑ·Γ· ΑΘ=( µ=!%-Θ*µ%!(-!=῾, %·%Λ%1µ῾Σ¨·!%+ Τ(Σ(/. !6-¨ !*· =5=΅·*!(/2
6-¨ /%( !*· =᾿%΄΄=·µ%!(/2 ᾿5%/!(/2 [30].

Χ %;(¨᾿¨῾*-* !*+ !=Θ·*!2+ ·¨*µ¨-:·*+ -!* ·¨µ(/2 ᾿5%/!(/2 =/!=῾·=!%( -= Α·% =΅5:
Η.-µ% =∆%5µ¨΄)· : %᾿6 !* ·¨µ(/2 Α5=΅·% /%( %·./!*-* ᾿·*5¨∆¨5῾%+ (Legal Research and
Retrieval), !* -:·¨Κ* /%( %·.·΅-* ῟(/%-!(/)· %᾿¨∆.-=Γ·, !*· %΅!6µ%!* -:·!%;* ·¨µ(/)·
=΄΄5.∆Γ·, µΑΘ5( !* ·¨µ(/2 ᾿56Λ·=Κ* (Legal Judgment Prediction) /%( !* -΅µµ65∆Γ-*
µ= /%·¨·(-!(/. ᾿56!΅᾿% [31]. ,% -:΄Θ5¨·% =5΄%·=῾% AI =᾿(!5Α᾿¨΅· !*· !%Θ:!=5* /%( ᾿(¨
-!¨Θ=΅µΑ·* =:5=-* ·¨µ¨·¨΄῾%+ /%( ·¨µ¨1=-῾%+, %/6µ* /%( µ= =5Γ!2µ%!% ῟(%!΅᾿ΓµΑ·% -=
Η΅-(/2 ΄·)--%, ᾿%5ΑΘ¨·!%+ ¨΅-(%-!(/2 ΅᾿¨-!25(;* -!* ·2Κ* %᾿¨∆.-=Γ· !6-¨ ΄(% =᾿%΄-
΄=·µ%!῾=+ 6-¨ /%( ΄(% Η¨5=῾+ !*+ ῟(/%(¨-:·*+ [32].

8῟(%῾!=5* ᾿56¨῟¨+ ΑΘ=( -*µ=(Γ1=῾ -!*· %·.᾿!΅;* =;=(῟(/=΅µΑ·Γ· µ¨·!Α·Γ· ΄(% !*· %-
·.·΅-* -:·1=!Γ· ·¨µ(/)· =΄΄5.∆Γ· /%( !* -:·¨Κ* ᾿¨·΅-Α·(῟Γ· ῟(/%-!(/)· %᾿¨∆.-=Γ·,
-΅µΛ.··¨·!%+ -!*· %᾿¨!=·=-µ%!(/2 %᾿¨!:᾿Γ-* !*+ ¨΅-῾%+ !¨΅ ·¨µ(/¨: -΅··¨΄(-µ¨: [33].
῭%5.··*·%, =∆%5µ¨΄Α+ %΅!6µ%!*+ -:·!%;*+ -΅µΛ¨·%῾Γ· (Legal Document Drafting) /%(
-΅-!2µ%!% ᾿56Λ·=Κ*+ =/Λ.-=Γ· ΅᾿¨1Α-=Γ· (Legal Judgment Prediction) %;(¨᾿¨(¨:· !=Θ·(-
/Α+ µ*Θ%·(/2+ µ.1*-*+ (Machine Learning) /%( =᾿=;=5΄%-῾%+ Η΅-(/2+ ΄·)--%+ (NLP) ΄(%
·% ᾿5¨-∆Α5¨΅· ΄52΄¨5=+ /%( !=/µ*5(ΓµΑ·=+ ·:-=(+ -= ·¨µ(/. =5Γ!2µ%!% [31][32].

῎-!6-¨, * =·-Γµ.!Γ-* !*+ !=Θ·*!2+ ·¨*µ¨-:·*+ -!* ·¨µ(/2 ᾿·*5¨∆¨5(/2 ᾿%5¨΅-(-
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0=∆.·%(¨ 3. Ξ=Γ5*!(/6 Ρ᾿6Λ%15¨

.Σ=( %5/=!Α+ ῟΅-/¨·῾=+. ῝*µ%·!(/Α+ ᾿5¨/·2-=(+ %∆¨5¨:· !*· =·%5µ6·(-* !Γ· Α;΅᾿·Γ· -΅-
-!*µ.!Γ· µ= !¨ ΅᾿.5Θ¨· Τ΅1µ(-!(/6 /%( ῟=¨·!¨·¨΄(/6 ᾿·%῾-(¨ /.1= Θ)5%+, !* ῟΅-/¨·῾%
µ=!%∆¨5.+ !=Θ·¨΄·Γ-῾%+ µ=!%;: ῟(%∆¨5=!(/)· ῟(/%(¨῟¨-()· /%( !* ῟(%!25*-* !*+ ·¨΄¨῟¨-
-῾%+ (accountability) !Γ· !=·(/)· %᾿¨∆.-=Γ· [34]. Χ ᾿%5%΄Γ΄2 %;(6᾿(-!Γ· µ¨·!Α·Γ· -΅Θ·.
᾿5¨-/5¨:=( -!*· Α··=(Κ* µ=΄.·Γ·, (-¨55¨᾿*µΑ·Γ· /%( -Γ-!. %·Γ·΅µ¨᾿¨(*µΑ·Γ· -΅·6·Γ·
῟=῟¨µΑ·Γ·, =·) * -Γ-!2 =5µ*·=῾% !Γ· %᾿¨!=·=-µ.!Γ· %᾿%(!=῾ !*· =·=5΄2 -΅µµ=!¨Θ2 ·¨µ(-
/)· =µ᾿=(5¨΄·Γµ6·Γ· -!* ῟(%῟(/%-῾% =·Α΄Θ¨΅ /%( %;(¨·6΄*-*+ [31]. 3᾿(᾿·Α¨·, * -΅·=Θ2+
=;Α·(;* !*+ ·¨µ¨·¨΄῾%+ /%( !Γ· ·¨µ(/)· =··¨()· /%1(-!. %᾿%5%῾!*!* !* -΅-!*µ%!(/2 =᾿(-
/%(5¨᾿¨῾*-* !6-¨ !Γ· µ¨·!Α·Γ· 6-¨ /%( !Γ· ῾῟(Γ· !Γ· µ=16῟Γ· %;(¨·6΄*-2+ !¨΅+, )-!= ·%
῟(%-∆%·῾Σ=!%( * -΅µµ65∆Γ-* µ= !(+ %5ΘΑ+ !*+ ῟(/%(¨-:·*+ /%( !*+ %-∆.·=(%+ ῟(/%῾¨΅.

,Α·¨+, * ,=Θ·*!2 Φ¨*µ¨-:·* ῟=· %·!(/%1(-!. %᾿·)+ !¨· ·¨µ(/6 =᾿%΄΄=·µ%!῾%, %··.
%·%µΑ·=!%( ·% %·%῟(%µ¨5∆)-=( !¨ ᾿=῟῾¨ !% =᾿6µ=·% Θ56·(%, /%1)+ ᾿5¨Γ1=῾ !* -!%῟(%/2 %·-
·%΄2 Τ6·Γ· /%( !*· %·.῟=(;* ῟(=᾿(-!*µ¨·(/)· ¨µ.῟Γ·), 6᾿¨΅ * !=Θ·(/2 ΄·)-* /%( * ·¨µ(/2
=µ᾿=(5῾% -΅·=5΄.Σ¨·!%( -!¨· -Θ=῟(%-µ6 /%( !*· %;(¨·6΄*-* Α;΅᾿·Γ· -΅-!*µ.!Γ· [30]. Ε
=· =;=·῾;=( %΅!6+ µ=!%-Θ*µ%!(-µ6+ ῟*µ(¨΅5΄=῾ ·Α=+ ᾿5¨¨᾿!(/Α+ /%( ΟΑ!=( -!¨ =᾿῾/=·!5¨ !¨·
῟(.·¨΄¨ ΄(% !% 65(%, !(+ =΅1:·=+ /%( !(+ %5µ¨῟(6!*!=+ !¨΅ ·¨µ(/¨: =᾿%΄΄Α·µ%!¨+ -!* ·Α%
Κ*∆(%/2 =᾿¨Θ2, %·¨῾΄¨·!%+ -*µ%·!(/. =5=΅·*!(/. /%( Ο=-µ(/. =5Γ!2µ%!% ΄(% !¨ µΑ··¨·.

3.2.1 !Θ602Θ( )(Κ ᾿5µ23ΝΚ !¨-Θ-%.·΄΅·Κ 9῝΄23ΝΚ 104΄΄·Κ

Χ Φ¨µ(/2 3᾿=;=5΄%-῾% ῞΅-(/2+ Β·)--%+ %᾿¨!=·=῾ Ο=µΑ·(¨ !*+ -:΄Θ5¨·*+ ·¨µ(/2+ ᾿·*-
Τ¨∆¨5(/2+, µ= -!6Θ¨ !*· %΅!6µ%!* %·.·΅-*, ¨5΄.·Γ-* /%( ᾿%5%΄Γ΄2 ·¨µ(/)· /=(µΑ·Γ·
µΑ-Γ ΅᾿¨·¨΄(-!(/)· µ=16῟Γ·. Χ =;Α·(;* !¨΅ ᾿=῟῾¨΅ =῾·%( .55*/!% -΅·῟=῟=µΑ·* µ= !* ΄=·(-
/6!=5* ᾿56¨῟¨ !*+ =᾿=;=5΄%-῾%+ Η΅-(/2+ ΄·)--%+, %··. Θ%5%/!*5῾Σ=!%( %᾿6 (῟(%(!=56!*!=+
᾿¨΅ %᾿¨55Α¨΅· %᾿6 !* ῟¨µ2, !¨ :∆¨+ /%( !*· ᾿¨·΅᾿·¨/6!*!% !Γ· ·¨µ(/)· =΄΄5.∆Γ·.

῝!% ᾿5)!% Μ2µ%!%, * Α5=΅·% =᾿(/=·!5)1*/= -= -΅-!2µ%!% Μ%-(-µΑ·% -= /%·6·=+ (rule-
based systems), 6᾿¨΅ ¨µ.῟=+ ·¨µ(/)· /%( µ*Θ%·(/)· /%!Α΄5%∆%· ·=;(/., µ¨!῾Λ% /%( ·¨-
΄(/¨:+ /%·6·=+ ΄(% !*· %·%΄·)5(-* ·¨µ(/)· 65Γ·, !:᾿Γ· =΄΄5.∆Γ· /%( Μ%-(/)· ¨·!¨!2!Γ·
[33]. Χ ᾿5¨-Α΄΄(-* %΅!2 2!%· %᾿¨!=·=-µ%!(/2 -= ᾿=5(¨5(-µΑ·%, %΅-!*5. ¨5(-µΑ·% tasks,
6µΓ+ %᾿¨῟=῾Θ1*/= %·=᾿%5/2+ µ᾿5¨-!. -!*· =/1=!(/2 %:;*-* !¨΅ 6΄/¨΅ /%( !*+ ᾿¨(/(·῾%+
!Γ· ·¨µ(/)· ῟=῟¨µΑ·Γ· /%( !* ῟(%5/2 =;Α·(;* !*+ ΄·)--%+ !¨΅ ῟(/%῾¨΅.

Χ =᾿6µ=·* Η.-* Θ%5%/!*5῾-!*/= %᾿6 !*· =῾-¨῟¨ !Γ· µ=16῟Γ· µ*Θ%·(/2+ µ.1*-*+ (ma-
chine learning) /%( !* -!%῟(%/2 %;(¨᾿¨῾*-* =᾿(-*µ=(ΓµΑ·Γ· -΅·6·Γ· ῟=῟¨µΑ·Γ· (annotated
corpora), 6᾿Γ+ !% EURLEX, LEDGAR /%( COLIEE [31]. 9·΄65(1µ¨( 6᾿Γ+ ¨( Ρ᾿¨-!*5(/!Α+
7(%·΅-µ%!(/)· 4*Θ%·)· (Support Vector Machines), !% ῟Α·!5% %᾿¨∆.-=Γ· (decision trees)
/%( !% ᾿5)!% ·=΅5Γ·(/. ῟῾/!΅% (neural networks) Θ5*-(µ¨᾿¨(21*/%· =/!=!%µΑ·% ΄(% !*·
!%;(·6µ*-* ·¨µ(/)· =΄΄5.∆Γ·, !*· %·%΄·)5(-* ·¨µ(/)· ¨·!¨!2!Γ· (Legal Named Entity
Recognition), %··. /%( !*· ᾿56Λ·=Κ* =/Λ.-=Γ· (outcome prediction) -= -΅΄/=/5(µΑ·=+ ΅-
᾿¨1Α-=(+. Χ ᾿56¨῟¨+ %΅!2 ΅᾿¨-!*5῾Θ1*/= %᾿6 !* ῟*µ¨-῾=΅-* /%( %·¨(Θ!2 ῟(.1=-* µ=΄.·Γ·
-΅·6·Γ· ῟=῟¨µΑ·Γ· µ= ῟¨µ*µΑ·=+ ᾿·*5¨∆¨5῾=+ ΄(% ·¨µ¨·¨΄῾%, %᾿¨∆.-=(+, /%!*΄¨5῾=+ /%(
Ο=µ%!(/Α+ =·6!*!=+, =᾿(!5Α᾿¨·!%+ ΄(% ᾿5)!* Η¨5. !* -΅-!*µ%!(/2 %;(¨·6΄*-* /%( -:΄/5(-*
%·΄¨5῾1µΓ·.

,¨ ᾿5%΄µ%!(/6 .·µ% -!*· =᾿=;=5΄%-῾% ·¨µ(/¨: /=(µΑ·¨΅ -*µ=()1*/= µ= !*· Α·=΅-*
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3.2.2 Φ¨µ(/. Β·Γ--(/. 4¨·!Α·% 3;=(῟(/=΅µΑ·Γ· ,¨µΑΓ·

!Γ· 4=!%-Θ*µ%!(-!)· (Transformers) /%( !Γ· 4=΄.·Γ· Β·Γ--(/)· 4¨·!Α·Γ·. Ε( ·=6!=5=+
%5Θ(!=/!¨·(/Α+, 6᾿Γ+ !¨ BERT /%( ¨( =;=(῟(/=΅µΑ·=+ =/῟¨ΘΑ+ !¨΅ ΄(% !¨ ῟῾/%(¨ (᾿.Θ. Legal-
BERT, Lawformer), =/᾿%(῟=:!*/%· ᾿.·Γ -= ¨΄/)῟* ·¨µ(/. -)µ%!% /=(µΑ·¨΅ /%( =᾿Α!5=Κ%·
-%∆)+ ᾿(¨ %/5(Λ2 /%!%·6*-*, %·.·΅-* /%( ῟(%Θ=῾5(-* !*+ ·¨µ(/2+ ¨5¨·¨΄῾%+, !*+ ῟¨µ2+
/%( !*+ -*µ%-῾%+ !Γ· =΄΄5.∆Γ· [35]. Ε( !=Θ·(/Α+ µ=!%∆¨5.+ µ.1*-*+ (transfer learning)
/%( =;=(῟(/=΅µΑ·*+ ᾿5¨=/᾿%῾῟=΅-*+ (domain-adaptive pretraining) =᾿(!5Α᾿¨΅· ᾿·Α¨· -!%
΄·Γ--(/. µ¨·!Α·% ·% ᾿5¨-%5µ6Σ¨·!%( =:/¨·% -= ῟(%∆¨5=!(/. ·¨µ(/. -΅-!2µ%!% (legal sys-
tems) /%( /%!*΄¨5῾=+ =΄΄5.∆Γ·, %΅;.·¨·!%+ µ=!52-(µ% !*· %᾿6῟¨-* -= %᾿%(!*!(/. tasks
6᾿Γ+ * %΅!6µ%!* -:·¨Κ* (summarization), * =;65΅;* =᾿(Θ=(5*µ.!Γ· (argument mining),
* %·.·΅-* -΅µΛ¨·%῾Γ· (contract analytics), %··. /%( * ᾿56Λ·=Κ* ῟(/%-!(/)· %᾿¨∆.-=Γ·
(legal judgment prediction).

9;῾Σ=( ·% -*µ=(Γ1=῾ 6!( ¨( -:΄Θ5¨·=+ =∆%5µ¨΄Α+ ·¨µ(/2+ =᾿=;=5΄%-῾%+ Η΅-(/2+ ΄·)--%+
-!*5῾Σ¨·!%( -΅Θ·. -= ᾿¨·΅=᾿῾᾿=῟% µ¨·!Α·% µ= µ*Θ%·(-µ¨:+ ᾿5¨-¨Θ2+ (attention mecha-
nisms), ᾿¨·΅=5΄%-(%/2 µ.1*-* (multi-task learning) /%( (=5%5Θ(/2 ῟6µ*-* (hierarchical
modeling), %;(¨᾿¨()·!%+ !6-¨ !* ῟¨µ2 !Γ· =΄΄5.∆Γ· 6-¨ /%( !¨ -*µ%-(¨·¨΄(/6 !¨΅+ Μ.1¨+
[31]. ῭%5.··*·%, * %·.᾿!΅;* =;=(῟(/=΅µΑ·Γ· µ=!5(/)· %;(¨·6΄*-*+ (evaluation metrics),
᾿¨΅ ·%µΛ.·¨΅· ΅᾿6Κ* !* -΅·¨Θ2, !*· =5µ*·=΅-(µ6!*!% /%( !* ῟(/%·(/2 %;(¨᾿(-!῾% !Γ·
%᾿¨!=·=-µ.!Γ·, =·(-Θ:=( !* ῟(%∆.·=(% /%( !*· =µ᾿(-!¨-:·* -!% -΅-!2µ%!% %΅!..

,Α·¨+, ¨( ᾿·Α¨· =;=·(΄µΑ·=+ ᾿·%!∆65µ=+ ·¨µ(/2+ !=Θ·¨·¨΄῾%+ ᾿%5ΑΘ¨΅· ¨·¨/·*5ΓµΑ·=+
·:-=(+ ᾿¨΅ %;(¨᾿¨(¨:· =·-Γµ%!)µ%!% ·Α;=Γ· (embeddings), ᾿(᾿=·(·=+ Μ%-(-µΑ·% -= %·./!*-
-* ᾿·*5¨∆¨5῾%+ (retrieval-based pipelines) /%( µ*Θ%·(-µ¨:+ =;%!¨µ῾/=΅-*+ (personaliza-
tion mechanisms), /%1(-!)·!%+ ῟΅·%!2 !*· %·./!*-* ·¨µ¨·¨΄῾%+ (case law retrieval), !*·
%΅!¨µ%!¨᾿¨(*µΑ·* ῟*µ(¨΅5΄῾% -΅·¨᾿!(/)· %·%∆¨5)· (automated summarization) /%( !*·
΅᾿¨-!25(;* -!* ·2Κ* ·¨µ(/)· %᾿¨∆.-=Γ· -= ᾿5%΄µ%!(/6 Θ56·¨ (real-time legal decision
support) [32]. ΝΕ᾿Γ+ Ο% %·%·΅1=῾ -!¨ =᾿6µ=·¨ /=∆.·%(¨, * Τ%΄῟%῾% %΅!2 =;Α·(;* ῟(%µ¨5-
Η)·=( ·Α% ᾿56!΅᾿% -!*· Α5=΅·%, !* ῟(/%-!(/2 ᾿5%/!(/2 /%( !(+ ·¨µ(/Α+ ΅᾿*5=-῾=+, µ=!%-
-Θ*µ%!῾Σ¨·!%+ !¨ ¨(/¨-:-!*µ% !*+ ῟(/%(¨-:·*+ -!* -:΄Θ5¨·* Κ*∆(%/2 =᾿¨Θ2.

3.2.2 ᾿5µ23/ 10*΄΄23/ ,5+)60· !Θ-2῭23-῝µ6+*+ Σ5µ6*+

,% =;=(῟(/=΅µΑ·% ·¨µ(/. ΄·Γ--(/. µ¨·!Α·% ΑΘ¨΅· %·%᾿!΅Θ1=῾ ΄(% ·% %·!(µ=!Γ᾿῾Σ¨΅·
!(+ (῟(%῾!=5=+ %᾿%(!2-=(+ !*+ ·¨µ(/2+ ΄·)--%+ /%( ᾿·*5¨∆¨5῾%+. 3/᾿%(῟=:¨·!%( -= µ=-
΄.·%, =᾿(-*µ=(ΓµΑ·% ·¨µ(/. -:·¨·% ῟=῟¨µΑ·Γ·, 6᾿Γ+ ·¨µ¨1=-῾%, ῟(/%-!(/Α+ %᾿¨∆.-=(+
/%( -΅µΛ.-=(+, )-!= ·% Μ=·!(-!¨᾿¨(¨:·!%( -= =;=(῟(/=΅µΑ·=+ =5΄%-῾=+ (legal tasks) 6᾿Γ+
* !%;(·6µ*-* =΄΄5.∆Γ· (document classification), * %·%΄·)5(-* ·¨µ(/)· ¨·!¨!2!Γ· (Le-
gal Named Entity Recognition – Legal NER), * =;%΄Γ΄2 Τ*!5)· (clause extraction) /%( *
=5)!*-*-%᾿.·!*-* ·¨µ(/¨: ᾿=5(=Θ¨µΑ·¨΅ (Legal Question Answering) [35][31].

3·῟=(/!(/. ᾿%5%῟=῾΄µ%!% %᾿¨!=·¨:· !% µ¨·!Α·% LegalBERT [35], CaseLawBERT[36]
/%( Lawformer [37]. ,¨ LegalBERT Μ%-῾Σ=!%( -!*· %5Θ(!=/!¨·(/2 !¨΅ BERT /%( =῾·%( ᾿5¨=/-
᾿%(῟=΅µΑ·¨ -= ᾿¨(/(·῾% ·¨µ(/)· /=(µΑ·Γ·, %᾿¨῟῾῟¨·!%+ µ= %/5῾Λ=(% -= ·¨µ(/Α+ !%;(·¨µ2-=(+
/%( %·%΄·)5(-* ¨·!¨!2!Γ·. ,¨ Lawformer =·-Γµ%!)·=( !=Θ·(/Α+ =᾿=;=5΄%-῾%+ µ%/5¨-/=·)·
/=(µΑ·Γ· (Longformer Attention), =᾿(!5Α᾿¨·!%+ !*· %·.·΅-* ᾿·25Γ· ῟(/%-!(/)· %᾿¨∆.-=Γ·
ΘΓ5῾+ !=Θ·*!¨:+ ᾿=5(¨5(-µ¨:+ -!¨ µ2/¨+ =(-6῟¨΅. ,%΅!6Θ5¨·%, =∆%5µ6Σ¨·!%( ᾿5¨*΄µΑ·=+
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!=Θ·(/Α+ =·-Γµ.!Γ-*+ (entity embeddings), (=5%5Θ(/Α+ %5Θ(!=/!¨·(/Α+ (hierarchical archi-
tectures) /%( =;=(῟(/=΅µΑ·¨ ·=;(·6΄(¨ (domain-adaptive tokenization), )-!= !¨ µ¨·!Α·¨ ·%
¨/%!%·¨=῾¨ !* ῟¨µ2 /%( !% -΅µ∆5%Σ6µ=·% !*+ ·¨µ(/2+ ΄·)--%+ [31].

῝!* -:΄Θ5¨·* Α5=΅·%, !% ·¨µ(/. LLMs ΅(¨1=!¨:· !=Θ·(/Α+ ᾿¨·΅-=5΄%-(%/2+ µ.1*-
-*+ (multi-task learning), ᾿5¨=/᾿%῾῟=΅-*+ ᾿5¨-%5µ¨-µΑ·*+ -= ᾿=῟῾¨ (domain-adaptive
pretraining), /%1)+ /%( µ=16῟¨΅+ =·(-Θ΅µΑ·*+ %·./!*-*+ (retrieval-augmented genera-
tion – RAG) ΄(% !*· %:;*-* !*+ %/5῾Λ=(%+, !* µ=῾Γ-* Κ=΅῟%(-12-=Γ· (hallucinations) /%(
!* Μ=·!῾Γ-* !*+ ΄=·῾/=΅-*+ (domain generalization) -= ῟(%∆¨5=!(/Α+ ῟(/%(¨῟¨-῾=+ (cross-
jurisdictional analysis) [32]. Χ %;(¨·6΄*-* %΅!)· !Γ· µ¨·!Α·Γ· Μ%-῾Σ=!%( -= !΅᾿¨᾿¨(*µΑ·%
·¨µ(/. -:·¨·% ῟=῟¨µΑ·Γ· (legal benchmarks), 6᾿Γ+ !% COLIEE, EURLEX, LEDGAR, /%(
-= µ=!5(/Α+ ᾿¨΅ %·!%·%/·¨:· !(+ %᾿%(!2-=(+ /%( !*· ᾿¨·΅᾿·¨/6!*!% !¨΅ ῟(/%῾¨΅ [31].

3(῟(/6!=5%, ¨( ᾿(¨ ᾿56-∆%!=+ =;=·῾;=(+ -!% ·¨µ(/. LLMs %∆¨5¨:· !*· =·-Γµ.!Γ-* µ*-
Θ%·(-µ)· =·Α΄Θ¨΅ %;(¨᾿(-!῾%+ (confidence estimation), !*· ΅·¨᾿¨῾*-* ῟¨µ)· %·(Θ·=:-(µ*+
·¨΄(/2+ (traceable reasoning), /%1)+ /%( !* ῟(%-!%:5Γ-* %᾿¨!=·=-µ.!Γ· µ= =;Γ!=5(/Α+
·¨µ(/Α+ Μ.-=(+ ῟=῟¨µΑ·Γ· (external legal knowledge sources). ῭%5.··*·%, =∆%5µ6Σ¨·!%(
µΑ1¨῟¨( %΅!6µ%!*+ %·῾Θ·=΅-*+ /%( ῟(651Γ-*+ µ=5¨·*Κ῾%+ (bias detection and correction),
᾿¨΅ Μ%-῾Σ¨·!%( -= µ=!%-µ.1*-* (meta-learning) /%( =᾿%·%·*᾿!(/2 =᾿(/:5Γ-* (iterative val-
idation) !Γ· =;%΄6µ=·Γ· -΅µ᾿=5%-µ.!Γ· [33][31].

3.2.3 8+·¨·%/΄)·΄( ᾿5µ23ΝΚ 1+4΄(Κ

Χ %·%᾿%5.-!%-* !*+ ·¨µ(/2+ ΄·)-*+ (legal knowledge representation) %᾿¨!=·=῾ /5῾-(µ¨
᾿=῟῾¨ ΄(% !*· %·.᾿!΅;* -΅-!*µ.!Γ· !=Θ·*!2+ ·¨*µ¨-:·*+ ᾿¨΅ =∆%5µ6Σ¨·!%( -!¨ ῟῾/%(¨.
9∆¨5. !¨· !56᾿¨ µ= !¨· ¨᾿¨῾¨ * ·¨µ(/2 ᾿·*5¨∆¨5῾% µ¨·!=·¨᾿¨(=῾!%( /%( ¨5΄%·)·=!%(, )-!=
·% µ᾿¨5=῾ ·% /%!%·¨*1=῾, ·% %·%·΅1=῾ /%( ·% %;(¨᾿¨(*1=῾ %᾿¨!=·=-µ%!(/. %᾿6 %·΄¨5(1µ(/.
-΅-!2µ%!%.

Ε( Μ%-(/Α+ ᾿5¨-=΄΄῾-=(+ -!*· %·%᾿%5.-!%-* !*+ ·¨µ(/2+ ΄·)-*+ ᾿=5(·%µΛ.·¨΅· !*
Θ52-* ¨·!¨·¨΄()· (ontologies), ¨( ¨᾿¨῾=+ ῟*µ(¨΅5΄¨:· (=5%5Θ(/Α+ ῟¨µΑ+ =··¨()· /%( -ΘΑ-=-
Γ· -!¨· ·¨µ(/6 Θ)5¨, =᾿(!5Α᾿¨·!%+ -!% -΅-!2µ%!% ·% /%!%·¨¨:· !(+ -ΘΑ-=(+ µ=!%;: ῟(%-
Η¨5=!(/)· ·¨µ(/)· 65Γ·, 6᾿Γ+ ·6µ¨(, ῟(%!.;=(+, ᾿5¨*΄¨:µ=·% ῟(/%-!(/)· %᾿¨∆.-=Γ· /%(
-΅µΛ.-=(+ [38]. 3᾿῾-*+, %;(¨᾿¨(¨:·!%( ΄5%∆2µ%!% ΄·)-*+ (knowledge graphs), !% ¨᾿¨῾%
¨5΄%·)·¨΅· !(+ ·¨µ(/Α+ ᾿·*5¨∆¨5῾=+ Γ+ ῟῾/!΅% /6µΛΓ· /%( -ΘΑ-=Γ·, µ= /.1= /6µΛ¨ ·%
%·!(᾿5¨-Γ᾿=:=( µ῾% ·¨µ(/2 ¨·!6!*!% /%( /.1= -:·῟=-µ¨ ·% %᾿¨!΅᾿)·=( !* -ΘΑ-* µ=!%;:
!¨΅+. 9΅!2 * µ¨5∆2 %·%᾿%5.-!%-*+ ῟(=΅/¨·:·=( !*· %·%Σ2!*-*, !*· %·%/.·΅Κ* /%( !*·
/%!%·6*-* !*+ ·¨µ(/2+ ᾿·*5¨∆¨5῾%+. 4(% %/6µ* -*µ%·!(/2 !=Θ·(/2 =῾·%( * =᾿(-2µ%·-*
-*µ%-(¨·¨΄(/)· Τ6·Γ· (Semantic Role Labeling – SRL)[38], * ¨᾿¨῾% Μ¨*1. -!* ῟6µ*-*
!Γ· ·¨µ(/)· /=(µΑ·Γ· µ= Μ.-* !¨΅+ Τ6·¨΅+ ᾿¨΅ ῟(%῟5%µ%!῾Σ¨΅· ¨( ῟(.∆¨5=+ Α··¨(=+ -= µ(%
᾿56!%-* 2 -= Α·% ·¨µ(/6 =᾿(Θ=῾5*µ%.Χ =᾿(-2µ%·-* -*µ%-(¨·¨΄(/)· Τ6·Γ· =῾·%( !=Θ·(/2
%·.·΅-*+ ᾿¨΅ ᾿5¨-῟(¨5῾Σ=( !% ·¨*µ%!(/. -΅-!%!(/. µ(%+ ᾿56!%-*+, %᾿¨῟῾῟¨·!%+ Τ6·¨΅+
6᾿Γ+ ΅᾿¨/=῾µ=·¨, %·!(/=῾µ=·¨ /%( =·Α5΄=(%. Β(% ᾿%5.῟=(΄µ%, -!* Η5.-* ΝΕ ῟(/%-!2+ /%-
!%῟῾/%-= !¨· /%!*΄¨5¨:µ=·¨Ν, * ῝ΨΩ %·%΄·Γ5῾Σ=( !¨· «῟(/%-!2» Γ+ agent, !*· /%!%῟῾/* Γ+
action /%( !¨· «/%!*΄¨5¨:µ=·¨» Γ+ patient 2 recipient.

,Α·¨+, !% ·¨΄(/. ᾿·%῾-(% /%( ¨ -΅µ᾿=5%-µ6+ (logical frameworks and reasoning) Θ5*-
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-(µ¨᾿¨(¨:·!%( ΄(% !* ῟(%!:᾿Γ-* /%·6·Γ· /%( !*· %΅!6µ%!* =/!Α·=-* =·Α΄ΘΓ· ¨516!*!%+ -=
·¨µ(/. =᾿(Θ=(52µ%!% 2 ῟(%῟(/%-῾=+ (legal reasoning).

Χ -Γ-!2 %·%᾿%5.-!%-* !*+ ·¨µ(/2+ ΄·)-*+ =῾·%( %᾿%5%῾!*!* ΄(% !*· %·.᾿!΅;* =;=(῟(-
/=΅µΑ·Γ· ·¨µ(/)· LLMs ᾿¨΅ µ᾿¨5¨:· ·% Θ=(5(-!¨:· -:·1=!=+ ·¨µ(/Α+ =5΄%-῾=+, !* ῟(%-∆.·(-
-* -΅·Α᾿=(%+ /%( %/5῾Λ=(%+ -!% %᾿¨!=·Α-µ%!% !Γ· ·¨µ(/)· =∆%5µ¨΄)· !=Θ·*!2+ ·¨*µ¨-:·*+
(AI legal applications), /%1)+ /%( ΄(% !* ῟(=΅/6·΅·-* !*+ =᾿=;*΄*-(µ6!*!%+ /%( =5µ*·=΅-(-
µ6!*!%+ (explainability and interpretability) !Γ· %᾿¨∆.-=Γ· ᾿¨΅ ·%µΛ.·¨·!%( %᾿6 !=Θ·*!.
-΅-!2µ%!%. ΖΓ5῾+ -%∆2 /%( ¨512 %·%᾿%5.-!%-*, %/6µ* /%( !% ᾿(¨ ᾿5¨*΄µΑ·% ΄·Γ--(/.
µ¨·!Α·% /(·῟΅·=:¨΅· ·% ᾿%5%·¨2-¨΅· !* -*µ%-῾% /%( !* ·=(!¨΅5΄῾% /5῾-(µΓ· ·¨µ(/)· 65Γ·
/%( Ο=-µ(/)· ῟¨µ)·.

3.3 Η-µ-024῭-2Κ Φ%530Ν΄-2Κ

῭%5. !*· =·!΅᾿Γ-(%/2 !=Θ·¨·¨΄(/2 ᾿56¨῟¨ ᾿¨΅ %·%·:1*/= ᾿%5%᾿.·Γ, * =·-Γµ.!Γ-*
!Γ· 4=΄.·Γ· Β·Γ--(/)· 4¨·!Α·Γ· (LLMs) -!* ·¨µ(/2 =᾿(-!2µ*, %· /%( ᾿5¨-∆Α5=( -*µ%-
·!(/Α+ ῟΅·%!6!*!=+, -΅·¨῟=:=!%( %᾿6 -¨Λ%5Α+ ᾿5¨/·2-=(+ ᾿¨΅ =᾿*5=.Σ¨΅· .µ=-% !* Μ(Γ-
-(µ6!*!% /%( !*· %;(¨᾿(-!῾% !Γ· =∆%5µ¨΄)· ,=Θ·*!2+ Φ¨*µ¨-:·*+ -!¨ ῟῾/%(¨. Ε( /:5(=+
᾿5¨/·2-=(+ %∆¨5¨:· !*· =᾿=;*΄*-(µ6!*!% /%( =5µ*·=΅-(µ6!*!% !Γ· µ¨·!Α·Γ· (explainabil-
ity and interpretability), !*· ᾿5¨/%!.·*Κ* /%( !* ῟(/%(¨-:·* -!*· %᾿6῟¨-* !Γ· %᾿¨!=·=-
-µ.!Γ· (bias and fairness), /%1)+ /%( !*· ᾿¨(6!*!% /%( !*· ᾿5¨-Λ%-(µ6!*!% !Γ· ·¨µ(/)·
῟=῟¨µΑ·Γ· (legal data quality and accessibility). Χ /%!%·6*-* /%( * %·!(µ=!)᾿(-* %΅!)·
!Γ· Ο=µ=·(Γ῟)· Υ*!*µ.!Γ· =῾·%( %·%΄/%῾% ΄(% !*· ΅᾿=:1΅·* /%( *1(/2 Θ52-* !Γ· LLMs -!¨
·¨µ(/6 ᾿·%῾-(¨. ῝!(+ =᾿6µ=·=+ =·6!*!=+ %·%·:¨·!%( %·%·΅!(/. ¨( !5=(+ %΅!¨῾ Μ%-(/¨῾ .;¨·=+.

3.3.1 !¨-Θ(.(΄2µΜ)()· 3·2 !%µ(+-῝΄2µΜ)()·

Χ =᾿=;*΄*-(µ6!*!% (explainability) /%( * =5µ*·=΅-(µ6!*!% (interpretability) %᾿¨!=·¨-
:· %῟(%᾿5%΄µ.!=΅!=+ %᾿%(!2-=(+ ΄(% !*· %;(6᾿(-!* /%( Ο=-µ(/. %᾿¨῟=/!2 Θ52-* !Γ· LLMs
-= ·¨µ(/. ᾿·%῾-(%. Χ =∆%5µ¨΄2 !*+ !=Θ·*!2+ ·¨*µ¨-:·*+ -!* ·¨µ(/2 ᾿5%/!(/2 ῟*µ(¨΅5-
΄=῾ Α·% (῟(%῾!=5% %᾿%(!*!(/6 ᾿=5(Λ.··¨·, 6᾿¨΅ /.1= %᾿6∆%-*, /.1= ᾿56Λ·=Κ* /%( /.1=
%΅!6µ%!* -:-!%-* ¨∆=῾·=( ·% -΅·¨῟=:=!%( %᾿6 ῟(%∆%·2 /%( ᾿·25* %(!(¨·6΄*-*. Χ =5µ*-
·=΅-(µ6!*!% (interpretability) -Θ=!῾Σ=!%( µ= !* ῟΅·%!6!*!% !Γ· -΅-!*µ.!Γ· ·% ᾿%5ΑΘ¨΅· µ(%
῟(%΅΄2 /%( /%!%·¨*!2 ᾿=5(΄5%∆2 !¨΅ =-Γ!=5(/¨: !¨΅+ µ*Θ%·(-µ¨: ·2Κ*+ %᾿¨∆.-=Γ·, =·)
* =᾿=;*΄*-(µ6!*!% (explainability) =᾿(/=·!5)·=!%( -!* ῟΅·%!6!*!% ᾿%5¨Θ2+ ᾿=(-!(/2+ /%(
!=/µ*5(ΓµΑ·*+ %(!῾%+ ΄(% /.1= -΅΄/=/5(µΑ·* Α;¨῟¨ 2 ᾿56Λ·=Κ*, %/6µ% /%( 6!%· !¨ µ¨·!Α·¨
᾿%5%µΑ·=( =-Γ!=5(/. ᾿¨·:᾿·¨/¨ 2 %῟(%∆%·Α+ [33][39].

Χ ᾿56/·*-* !*+ =᾿=;*΄*-(µ6!*!%+ ΄῾·=!%( =·!¨·6!=5* ·6΄Γ !*+ %5Θ(!=/!¨·(/2+ Η:-*+
!Γ· -:΄Θ5¨·Γ· LLMs, ¨( ¨᾿¨῾¨( Μ%-῾Σ¨·!%( -= Μ%1(. ·=΅5Γ·(/. ῟῾/!΅% (deep neural net-
works) µ= =/%!¨µµ:5(% ᾿%5%µΑ!5¨΅+ /%( µ*-΄5%µµ(/Α+ %··*·=᾿(῟5.-=(+. ῝!*· ᾿5.;*, !¨
µ%:5¨ /¨΅!῾ (black box) !Γ· µ¨·!Α·Γ· %΅!)· ῟΅-Θ=5%῾·=( !*· =;%΄Γ΄2 ·¨΄(/2+ %·΅-῾῟%+
᾿¨΅ -΅·῟Α=( !% ῟=῟¨µΑ·% =(-6῟¨΅ µ= !¨ !=·(/6 %᾿¨!Α·=-µ%, /%1(-!)·!%+ !*· =᾿=;2΄*-* !¨΅
µ¨·!Α·¨΅ %᾿¨·:!Γ+ %᾿%5%῾!*!* !6-¨ ΄(% !*· ¨(/¨῟6µ*-* =µ᾿(-!¨-:·*+ 6-¨ /%( ΄(% !* ῟(%-
-∆.·(-* !*+ ·¨µ(µ6!*!%+ !*+ ῟(%῟(/%-῾%+ ·2Κ*+ %᾿¨∆.-=Γ·. 3(῟(/. -!¨ ῟῾/%(¨, * %῟΅·%-
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µ῾% %(!(¨·6΄*-*+ µ(%+ %᾿6∆%-*+, =῾!= ᾿56/=(!%( ΄(% ῟(/%-!(/2 ᾿56Λ·=Κ* =῾!= ΄(% %΅!6µ%!*
-:·¨Κ* 2 -:-!%-* -΅µΛ¨·%῾¨΅, =΄=῾5=( *1(/. /%( Ο=-µ(/. Υ*!2µ%!%, /%1)+ ᾿%5%Λ(.Σ=(
!*· %5Θ2 !*+ ·¨΄¨῟¨-῾%+, ῟΅-Θ=5%῾·=( !¨· ῟(/%-!(/6 2 ῟(¨(/*!(/6 Α·=΄Θ¨ /%( =·῟ΑΘ=!%( ·%
¨῟*΄2-=( -= µ* %·(Θ·=:-(µ=+ ᾿5¨/%!%·2Κ=(+ (bias) 2 -΅-!*µ%!(/. -∆.·µ%!% [33][34].

,% -:΄Θ5¨·% ·¨µ(/. LLMs -΅Θ·. ᾿%5.΄¨΅· %᾿¨!=·Α-µ%!% ΘΓ5῾+ ·% -΅·¨῟=:¨·!%( %᾿6
=᾿%5/2 %(!(¨·6΄*-*. 9΅!6 ΑΘ=( Γ+ -΅·Α᾿=(% ¨( ·¨µ(/¨῾ =᾿%΄΄=·µ%!῾=+ ·% %῟΅·%!¨:· ·% =-
·Α΄;¨΅· !* ῟(%῟5¨µ2 !¨΅ -΅··¨΄(-µ¨: ᾿¨΅ ¨῟2΄*-= -= µ(% -:-!%-*, %᾿6∆%-* 2 ῟(.΄·Γ-*.
,¨ ᾿56Λ·*µ% ΄῾·=!%( ¨;:!=5¨ -= Υ*!2µ%!% ᾿¨΅ %∆¨5¨:· !% ῟(/%()µ%!% !Γ· ῟(%῟῾/Γ·, !*·
%5Θ2 !*+ ῟῾/%(*+ ῟῾/*+ (fair trial) /%( !*· ᾿5¨-!%-῾% !Γ· ᾿5¨-Γ᾿(/)· ῟=῟¨µΑ·Γ·, /%1)+ *
%῟(%∆.·=(% (opacity) -!% -΅-!2µ%!% AI µ᾿¨5=῾ ·% %᾿¨!=·Α-=( =µ᾿6῟(¨ -!* ῟(/%-!(/2 =᾿%·=-
;Α!%-* /%( ·% µ=()-=( !* Ο=-µ(/2 %᾿¨῟¨Θ2 /%( !*· /¨(·Γ·(/2 =µ᾿(-!¨-:·* -!* Θ52-* !*+
!=Θ·*!2+ ·¨*µ¨-:·*+ -!* ῟(/%(¨-:·*[30].

Β(% ·% /%·΅∆1=῾ !¨ Θ.-µ% !*+ =᾿=;*΄*-(µ6!*!%+, * Α5=΅·% =-!(.Σ=( -= ᾿¨·΅=᾿῾᾿=῟=+ !=-
Θ·(/Α+ ᾿¨΅ -΅·῟΅.Σ¨΅· !*· %/5(Λ2 ᾿=5(΄5%∆2 !Γ· =-Γ!=5(/)· µ*Θ%·(-µ)· µ= ·=(!¨΅5΄(/Α+
=;*΄2-=(+ ΄(% !¨· !=·(/6 Θ52-!*. 4=1¨῟¨·¨΄῾=+ 6᾿Γ+ ¨( %·=;.5!*!=+ %᾿6 !¨ µ¨·!Α·¨ (model-
agnostic) !=Θ·(/Α+, ᾿.Θ. !¨ LIME (Local Interpretable Model-agnostic Explanations)[39] /%(
!¨ SHAP (SHapley Additive exPlanations)[40], =᾿(!5Α᾿¨΅· !*· !¨᾿(/2 ᾿5¨-¨µ¨῾Γ-* !*+ -΅-
µ᾿=5(∆¨5.+ !¨΅ µ¨·!Α·¨΅, ᾿%5ΑΘ¨·!%+ /%!%·¨*!Α+ =;*΄2-=(+ ΄(% -΅΄/=/5(µΑ·=+ ᾿5¨Λ·ΑΚ=(+
2 -΅-!.-=(+, ΘΓ5῾+ ·% %᾿%(!=῾!%( * ᾿·25*+ %᾿¨/Γ῟(/¨᾿¨῾*-* !¨΅ ῾῟(¨΅ !¨΅ LLM [39]. ,%΅-
!6Θ5¨·%, %΅!¨=᾿=;*΄*µ%!(/. µ¨·!Α·% (self-explaining models) =᾿(Θ=(5¨:· ·% ᾿%5%΄.΄¨΅·
%·%·΅!(/Α+ =;*΄2-=(+ =·-Γµ%!ΓµΑ·=+ -!*· !=·(/2 Α;¨῟¨ !¨΅ -΅-!2µ%!¨+, =·) * !=Θ·(/2 !*+
¨᾿!(/¨᾿¨῾*-*+ ᾿5¨-¨Θ2+ (attention visualization) =᾿(!5Α᾿=( !*· =·!¨᾿(-µ6 !Γ· ·Α;=Γ· 2 !Γ·
!µ*µ.!Γ· !¨΅ /=(µΑ·¨΅ ᾿¨΅ =᾿*5Α%-%· /%1¨5(-!(/. !*· !=·(/2 ᾿56Λ·=Κ*. Χ ᾿5¨-Α΄΄(-*
!¨΅ prompt engineering /%( (῟(%῾!=5% !% =᾿=;*΄*µ%!(/. prompts%;(¨᾿¨(¨:·!%( ΄(% ·% ΅-
᾿¨Θ5=)-¨΅· !% LLMs ·% ᾿%5.΄¨΅· %᾿%·!2-=(+ µ= ῟¨µ*µΑ·* %(!(¨·6΄*-*, µ=()·¨·!%+ !*·
%῟(%∆.·=(% /%( %΅;.·¨·!%+ !*· !=/µ*5῾Γ-* !*+ /.1= ᾿56Λ·=Κ*+. 3᾿(᾿·Α¨·, ῟¨/(µ.Σ¨·!%(
=5µ*·=:-(µ=+ %5Θ(!=/!¨·(/Α+ (interpretable architectures), 6᾿¨΅ * ῟(%-:·῟=-* -΅µΛ¨·(/2+
·¨΄(/2+ (symbolic logic) µ= ·=΅5Γ·(/. ῟῾/!΅% ῟(=΅/¨·:·=( !* µ=!%!5¨᾿2 !*+ %··*·¨΅Θ῾%+
!Γ· -΅··¨΄(-µ)· !¨΅ µ¨·!Α·¨΅ -= =΅1ΑΓ+ =·Α΄;(µ% /%( =5µ*·=:-(µ% µ¨!῾Λ% [33].

῭%5. !(+ -*µ%·!(/Α+ ᾿5¨6῟¨΅+, * =᾿῾!=΅;* ᾿·25¨΅+ =᾿=;*΄*-(µ6!*!%+ /%( =5µ*·=΅-
-(µ6!*!%+ ΄(% !% -:΄Θ5¨·% ·¨µ(/. LLMs ᾿%5%µΑ·=( %·¨(Θ!2 =5=΅·*!(/2 /%( !=Θ·¨·¨΄(/2
᾿56/·*-*. Ε( %΅;%·6µ=·=+ %᾿%(!2-=(+ ΄(% ῟(%∆.·=(%, ῟῾/%(* Θ52-* /%( ·¨µ¨1=!(/2 -΅µ-
µ65∆Γ-* =᾿(Λ.··¨΅· !* -΅·=Θ2 %·.᾿!΅;* µ=1¨῟¨·¨΄()· ᾿¨΅ ΄=∆΅5)·¨΅· !¨ Θ.-µ% µ=!%;:
!=Θ·(/2+ ᾿¨·΅᾿·¨/6!*!%+ /%( ᾿5%/!(/2+ %·.΄/*+ ΄(% =;2΄*-*. ῝= %΅!2· !* -΅·.5!*-*, *
῟(=᾿(-!*µ¨·(/2 -΅·=5΄%-῾% µ=!%;: !=Θ·(/)· =᾿(-!*µ6·Γ·, ·¨µ(/)· /%( Τ΅1µ(-!(/)· Η¨5ΑΓ·
Ο=Γ5=῾!%( /5῾-(µ* ΄(% !¨· -Θ=῟(%-µ6 /%( !*· %᾿¨῟¨Θ2 -΅-!*µ.!Γ· !=Θ·*!2+ ·¨*µ¨-:·*+ ᾿¨΅
·=(!¨΅5΄¨:· µ= ῟(%∆.·=(%, ·¨΄¨῟¨-῾% /%( Ο=-µ(/2 ·¨µ(µ¨᾿¨῾*-* -!¨ ·¨µ(/6 ¨(/¨-:-!*µ%
[33] [34][30].

3.3.2 Φ%53·)/0(Ι( 3·2 723·25΄Χ+( ΄)(+ Σ-Λ+()Ν ᾿5(µ5΄Χ+( )5῝ 723·΅5῝

Χ ᾿5¨/%!.·*Κ* (bias) /%( * ῟(/%(¨-:·* (fairness) -΅·(-!¨:· Ο=µ=·()῟* Υ*!2µ%!% -!*
Θ52-* 4=΄.·Γ· Β·Γ--(/)· 4¨·!Α·Γ· (LLMs) -= =∆%5µ¨΄Α+ ῟(/%῾¨΅. ,% ·¨µ(/. -΅-!2µ%!%
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3.3.2 ῭5¨/%!.·*Κ* /%( 7(/%(¨-:·* -!*· ,=Θ·*!2 Φ¨*µ¨-:·* !¨΅ 7(/%῾¨΅

Μ%-῾Σ¨·!%( -!(+ %5ΘΑ+ !*+ (-6!*!%+, !*+ %·!(/=(µ=·(/6!*!%+ /%( !*+ ῟(%∆.·=(%+, /%(, =᾿¨-
µΑ·Γ+, ¨᾿¨(%῟2᾿¨!= !=Θ·¨·¨΄(/2 ·:-* ᾿¨΅ =(-.΄=!%( -!¨ ·¨µ(/6 ᾿·%῾-(¨ ¨∆=῾·=( ·% ῟(%-∆%-
·῾Σ=( 6!( ῟=· =(-.΄=( 2 %·%᾿%5.΄=( .῟(/=+ ᾿5¨/%!%·2Κ=(+. Ε( ᾿*΄Α+ ᾿5¨/%!.·*Κ*+ -!% LLMs
=῾·%( ᾿¨(/῾·=+. 0%!%5Θ.+, * ᾿5¨/%!.·*Κ* -!% ῟=῟¨µΑ·% =/᾿%῾῟=΅-*+ (training data bias)
=῾·%( =/!=!%µΑ·*, /%1)+ !% µ¨·!Α·% %΅!. =/᾿%(῟=:¨·!%( -= !=5.-!(=+ -΅··¨΄Α+ ῟=῟¨µΑ·Γ·
᾿¨΅ -΅Θ·. ᾿=5(ΑΘ¨΅· ·%·1.·¨΅-=+ /¨(·Γ·(/Α+, ᾿¨·(!(-µ(/Α+ 2 ·¨µ(/Α+ ᾿5¨/%!%·2Κ=(+ [1].
3᾿(᾿·Α¨·, * %·(-¨55¨᾿῾% -!(+ %·%᾿%5%-!.-=(+ (representation imbalance) µ᾿¨5=῾ ·% ¨῟*-
΄2-=( -= -΅-!*µ%!(/Α+ %·(-6!*!=+, /%1)+ /.᾿¨(=+ /%!*΄¨5῾=+ ᾿·*1΅-µ)· 2 ·¨µ(/)· =··¨()·
΅᾿¨=/᾿5¨-Γ᾿¨:·!%( -!% ῟=῟¨µΑ·%. ,Α·¨+, * %-΅·=῾῟*!* %·%᾿%5%΄Γ΄2 (-!¨5(/)· %῟(/()·
(historical injustice perpetuation) =·῟ΑΘ=!%( ·% =·(-Θ:-=( ΅᾿.5Θ¨΅-=+ ᾿5¨/%!%·2Κ=(+, ᾿.Θ.
µΑ-Γ !*+ .·(-*+ ᾿56Λ·=Κ*+ =/Λ.-=Γ· %·.·¨΄% µ= !*· /¨(·Γ·(/2 2 ¨(/¨·¨µ(/2 !.;* ῟(%-
῟῾/Γ·.

Ε( =᾿(᾿!)-=(+ !*+ ᾿5¨/%!.·*Κ*+ -!* ·¨µ(/2 ᾿5%/!(/2 =῾·%( (῟(%῾!=5% -*µ%·!(/Α+. Χ
῟(%!.5%;* !*+ (-6!*!%+ =·)᾿(¨· !¨΅ ·6µ¨΅ (disruption of legal equality) %᾿¨!=·=῾ .µ=-* %-
᾿=(·2, /%1)+ * %1Α·*!* µ=5¨·*Κ῾% -!% %᾿¨!=·Α-µ%!% µ᾿¨5=῾ ·% ΅᾿¨·¨µ=:-=( !¨ Ο=µ=·()῟=+
῟(/%῾Γµ% !Γ· ᾿¨·(!)· -= ῟῾/%(* /%( ῾-* µ=!%Θ=῾5(-*. 3᾿(᾿·Α¨·, * %᾿)·=(% =µ᾿(-!¨-:·*+
-!% -΅-!2µ%!% ῟(/%(¨-:·*+ (trust erosion in legal systems) µ᾿¨5=῾ ·% %᾿¨!=·Α-=( -¨Λ%-
Τ6 =µ᾿6῟(¨ ΄(% !*· /¨(·Γ·(/2 %᾿¨῟¨Θ2 !*+ !=Θ·¨·¨΄῾%+ -!¨· Θ)5¨ !*+ ῟(/%(¨-:·*+, %·
!% %΅!6µ%!% -΅-!2µ%!% ·¨µ(/2+ ΅᾿¨-!25(;*+ =µ∆%·῾Σ¨΅· -΅-!*µ%!(/. ᾿5¨/%!=(·*µµΑ·=+
᾿5¨Λ·ΑΚ=(+. ,Α·¨+, ΅᾿.5Θ¨΅· /%( ·¨µ(/Α+ /%( Τ΅1µ(-!(/Α+ -΅·Α᾿=(=+ (legal and regulatory
implications), /%1)+ * Θ52-* -΅-!*µ.!Γ· µ= ᾿5¨/%!%·2Κ=(+ µ᾿¨5=῾ ·% ¨῟*΄2-=( -= ·¨µ(/Α+
᾿5¨-∆΅΄Α+ 2 /΅5)-=(+ ΄(% !¨΅+ Η¨5=῾+ ᾿¨΅ !% Θ5*-(µ¨᾿¨(¨:·.

Β(% !*· %·!(µ=!)᾿(-* !*+ ᾿5¨/%!.·*Κ*+ ΑΘ¨΅· ᾿5¨!%1=῾ ῟(.∆¨5=+ ᾿5¨-=΄΄῾-=(+, ¨( ¨᾿¨-
῾=+ ᾿=5(·%µΛ.·¨΅· !*· =;΅΄῾%·-* ῟=῟¨µΑ·Γ· (data sanitization), µΑ-Γ !=Θ·(/)· /%1%5(-µ¨:
/%( Η(·!5%5῾-µ%!¨+ !Γ· ῟=῟¨µΑ·Γ· ᾿5(· %᾿6 !*· =/᾿%῾῟=΅-*, !* Θ52-* µ=!5(/)· ῟(/%(¨-
-:·*+ (fairness metrics) 6᾿Γ+ !¨ Demographic Parity /%( !¨ Equalized Odds ΄(% !*· %-
;(¨·6΄*-* !*+ ῟(/%(¨-:·*+ -!% %᾿¨!=·Α-µ%!%, /%1)+ /%( %·΄¨5(1µ(/Α+ !=Θ·(/Α+ .µΛ·΅·-*+
᾿5¨/%!.·*Κ*+ (algorithmic debiasing) 6᾿Γ+ * %∆%῾5=-* !*+ ῟(%∆¨5¨᾿¨῾*-*+ (disparate im-
pact removal) [41]. 3᾿(᾿·Α¨·, * ῟(%∆.·=(% /%( * ·¨΄¨῟¨-῾% (transparency and accountabil-
ity) =·(-Θ:¨·!%( µΑ-Γ !*+ %·.᾿!΅;*+ ῟(%∆%·)· µ¨·!Α·Γ· /%( !*+ ῟*µ(¨΅5΄῾%+ µ*Θ%·(-µ)·
=·Α΄Θ¨΅ %᾿¨∆.-=Γ·. Χ ῟(%Θ=῾5(-* !Γ· ᾿5¨/%!%·2Κ=Γ· %᾿¨!=·=῾ /5῾-(µ¨ Υ2!*µ% ΄(% !*· ΅-
᾿=:1΅·* Θ52-* !*+ !=Θ·*!2+ ·¨*µ¨-:·*+ -!¨· Θ)5¨ !¨΅ ῟(/%῾¨΅ /%( %·%΄·Γ5῾Σ=!%( ᾿·Α¨· Γ+
᾿5¨!=5%(6!*!% !6-¨ %᾿6 !*· =5=΅·*!(/2 /¨(·6!*!% 6-¨ /%( %᾿6 Ο=-µ(/¨:+ Η¨5=῾+ ῟(=1·)+.
Ε( ·¨µ(/Α+ =∆%5µ¨΄Α+ !*+ !=Θ·*!2+ ·¨*µ¨-:·*+, (῟῾Γ+ 6-=+ Μ%-῾Σ¨·!%( -= LLMs, /%·¨:·!%(
·% ·=(!¨΅5΄¨:· -= ᾿=5(Λ.··¨·!% 6᾿¨΅ * %µ=5¨·*Κ῾%, * (-6!*!% /%( * ῟(%∆.·=(% =῾·%( Ο=-
µ=·()῟=(+ %5ΘΑ+. ῎-!6-¨, * =·-Γµ.!Γ-* !Α!¨(Γ· !=Θ·¨·¨΄()· =·ΑΘ=( -*µ%·!(/¨:+ /(·῟:·¨΅+
%·%᾿%5%΄Γ΄2+ 2 /%( =·῾-Θ΅-*+ ΅᾿%5Θ¨΅-)· ᾿5¨/%!%·2Κ=Γ·, =῾!= %΅!Α+ ᾿5¨Α5Θ¨·!%( %᾿6
!% %5Θ(/. ῟=῟¨µΑ·%, =῾!= %᾿6 !¨΅+ ῾῟(¨΅+ !¨΅+ %·΄¨5῾1µ¨΅+, =῾!= %᾿6 !*· %··*·=᾿῾῟5%-* µ=
!¨΅+ !=·(/¨:+ Θ52-!=+.

῝!¨ ῝Θ2µ% ᾿¨΅ %/¨·¨΅1=῾ ᾿%5¨΅-(.Σ=!%( -Θ*µ%!(/. ¨ /:/·¨+ =·῾-Θ΅-*+ !*+ ᾿5¨/%-
!.·*Κ*+ -!% -΅-!2µ%!% !=Θ·*!2+ ·¨*µ¨-:·*+.

,¨ ᾿%5%᾿.·Γ ῟(.΄5%µµ% (῝Θ2µ% 3.2) /%!%῟=(/·:=( ᾿)+ * ᾿5¨/%!.·*Κ* µ᾿¨5=῾ ·%
=(-Α·1=( /%( ·% %·%/΅/·Γ1=῾ -= /.1= -!.῟(¨ !¨΅ ¨(/¨-΅-!2µ%!¨+ : -!% ῟=῟¨µΑ·%, µΑ-Γ -΅-
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0=∆.·%(¨ 3. Ξ=Γ5*!(/6 Ρ᾿6Λ%15¨

῝Θ2µ% 3.2: 9-῾56/*6/῟0 /·*+῭΅%.50 ¨%΅/·*Α8+Β+0 (bias) ¨΅, 5µ΄·-.῝΅-*·6 )*· ῾5῾΅µ῟-·
(data), )*΅,0 ·8῭΅%.∆µ΅,0 (algorithm) /·6 )*+- ·88+85¨.῾%·)+ µ5 *΅- ᾿%()*+ (user interac-
tion), ·¨΅*,¨Ε-΅-*·0 *΅- ῾,-·µ6/· Φ%·᾿΅ ·-·¨·%·῭2῭(0 /·6 5-.)᾿,)+0 ¨%΅/·*·8(Β52- )5
),)*(µ·*· *5᾿-+*(0 -΅+µ΅)Γ-+0 [1].

µ᾿=5(∆¨5(/)· 2 Ο=µ%!(/)· -!5=Λ·)-=Γ· (behavioral bias, content production bias), -!¨΅+
%·΄¨5῾1µ¨΅+, µ= Η%(·6µ=·% 6᾿Γ+ * ᾿5¨/%!.·*Κ* -!*· /%!.!%;* (ranking bias) 2 * =µ-
Η.·(-* ·ΑΓ·, %᾿56Λ·=᾿!Γ· -!5=Λ·)-=Γ· (emergent bias), /%( -!*· %··*·=᾿῾῟5%-* µ= !¨·
Θ52-!*, 6᾿¨΅ ¨( =᾿(·¨΄Α+ /%( ¨( %·!(῟5.-=(+ !Γ· Θ5*-!)· =᾿*5=.Σ¨΅· ᾿=5%(!Α5Γ !* ῟(%῟(-
/%-῾% =/µ.1*-*+ /%( %;(¨·6΄*-*+ !¨΅ -΅-!2µ%!¨+. Χ /΅/·(/2 %΅!2 ῟΅·%µ(/2 ῟*µ(¨΅5΄=῾
Α·%· Μ56Θ¨ %·%!5¨∆¨῟6!*-*+ (feedback loop), 6᾿¨΅ /.1= µ=5¨·*Κ῾% ᾿¨΅ =(-.΄=!%( -= Α·%
-*µ=῾¨ !¨΅ -΅-!2µ%!¨+ µ᾿¨5=῾ ·% =·(-Θ΅1=῾ /%( ·% µ=!%∆=51=῾ -!% ΅᾿6·¨(᾿%, ¨῟*΄)·!%+
-= -΅-!*µ%!(/2 %·%᾿%5%΄Γ΄2 %·(-¨!2!Γ·. ῝΅·=᾿)+, * /%!%·6*-* /%( ¨ Α·=΄Θ¨+ %΅!¨: !¨΅
µ*Θ%·(-µ¨: =῾·%( ΥΓ!(/2+ -*µ%-῾%+ ΄(% !*· %·.᾿!΅;* ·¨µ(/)· =∆%5µ¨΄)· !=Θ·*!2+ ·¨*µ¨-
-:·*+ ᾿¨΅ ᾿5¨.΄¨΅· !* ῟(/%(¨-:·* /%( !*· (-6!*!%.

3.3.3 Φ52Μ)()· 3·2 Φ%5΄Α·΄2µΜ)()· ᾿5µ234+ 7-῭5µ6+*+

Χ ᾿¨(6!*!% /%( * ᾿5¨-Λ%-(µ6!*!% !Γ· ·¨µ(/)· ῟=῟¨µΑ·Γ· (legal data quality and ac-
cessibility) %᾿¨!=·¨:· /5῾-(µ=+ ᾿%5%µΑ!5¨΅+ ΄(% !*· =᾿(!΅Θ*µΑ·* %·.᾿!΅;*, =/᾿%῾῟=΅-*
/%( ·=(!¨΅5΄῾% !Γ· 4=΄.·Γ· Β·Γ--(/)· 4¨·!Α·Γ· -!¨· !¨µΑ% !*+ ·¨µ(/2+ !=Θ·*!2+ ·¨*µ¨-
-:·*+ (Legal AI). Χ =᾿.5/=(%, * =΄/΅56!*!% /%( * %·!(᾿5¨-Γ᾿=΅!(/6!*!% !¨΅ ῟(%1Α-(µ¨΅
·¨µ(/¨: ΅·(/¨: ῟(%µ¨5∆)·¨΅· .µ=-% !% 65(% /%( !(+ ῟΅·%!6!*!=+ !Γ· -΅-!*µ.!Γ· %΅!)· –
/%1¨5῾Σ¨·!%+ !¨ Μ%1µ6 %/5῾Λ=(%+, !* ΄=·῾/=΅-* -= ·Α=+ ᾿=5(᾿!)-=(+ /%( !*· %;(¨᾿(-!῾% !Γ·
᾿5¨Λ·ΑΚ=Γ· /%( !*+ %·.·΅-*+ ᾿¨΅ ᾿%5.΄=!%( [31][32].

Χ %/5῾Λ=(% (accuracy) /%( * ¨516!*!% (correctness) !¨΅ ·¨µ(/¨: -)µ%!¨+ /=(µΑ·Γ· =῾·%(
Ο=µ=·()῟=(+ ᾿5¨Ι᾿¨1Α-=(+, /%1)+ * ᾿%5¨΅-῾% ·%1)·, %-%∆=()· 2 %-΅·=᾿=()· µ᾿¨5=῾ ·% ¨-
῟*΄2-=( !% µ¨·!Α·% -= -∆.·µ%!% =5µ*·=῾%+ /%( %῟(/%(¨·6΄*!=+ ᾿5¨/%!%·2Κ=(+ (bias). ,%
᾿%5%῟¨-(%/. ·¨µ(/. ῟=῟¨µΑ·% Θ%5%/!*5῾Σ¨·!%( -΅Θ·. %᾿6 =!=5¨΄Α·=(% Γ+ ᾿5¨+ !* µ¨5∆¨-
᾿¨῾*-* (format heterogeneity), ᾿¨·΅᾿·¨/6!*!% Γ+ ᾿5¨+ !* ΄·)--% /%( -΅Θ·. !*· %᾿¨΅-῾%
=·(%῾Γ· -*µ.·-=Γ· (annotation standards), µ= %᾿¨!Α·=-µ% ·% %᾿%(!=῾!%( =·!%!(/2 ᾿5¨-
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3.4 ῝΅µ᾿=5.-µ%!%

=᾿=;=5΄%-῾% (preprocessing) /%( /%·¨·(/¨᾿¨῾*-* (normalization) ᾿5(· !* Θ52-* !¨΅+ -!*·
=/᾿%῾῟=΅-* !Γ· LLMs [31]. 3᾿(᾿·Α¨·, * %·!(᾿5¨-Γ᾿=΅!(/6!*!% (representativeness) !¨΅
-΅·6·¨΅ ῟=῟¨µΑ·Γ·, ῟*·%῟2 !¨ /%!. ᾿6-¨ /%·:᾿!¨·!%( ῟(%∆¨5=!(/Α+ /%!*΄¨5῾=+ ῟(/%῾¨΅,
΄=Γ΄5%∆(/Α+ ᾿=5(¨ΘΑ+, Θ5¨·(/Α+ ᾿=5῾¨῟¨( /%( !:᾿¨( ΅᾿¨1Α-=Γ·, /%1¨5῾Σ=( !*· (/%·6!*!%
!¨΅ µ¨·!Α·¨΅ ·% ΄=·(/=:=( -Γ-!.[31]. 3(῟(/. -!(+ ᾿¨·΅΄·Γ--(/Α+ /%( ᾿¨·΅῟(/%(¨῟¨!(/Α+
=∆%5µ¨΄Α+, * ᾿¨(¨!(/2 %·(-6!*!% %·.µ=-% -!% ῟=῟¨µΑ·% ῟(%∆65Γ· ΄·Γ--)· 2 ·¨µ(/)· ᾿%-
Τ%῟6-=Γ· µ᾿¨5=῾ ·% =᾿(!=῾·=( !(+ %·(-6!*!=+ -!* ·¨µ(/2 !=Θ·*!2 ·¨*µ¨-:·*, ᾿=5(¨5῾Σ¨·!%+
!*· ᾿5¨-Λ%-(µ6!*!% /%( !*· %᾿¨!=·=-µ%!(/6!*!% ΄(% Θ52-!=+ ᾿Α5%· !¨΅ %΄΄·6∆Γ·¨΅ ῟(/%῾¨΅
[31].

9᾿6 !*· .··* ᾿·=΅5., !% Υ*!2µ%!% ᾿5¨-Λ%-(µ6!*!%+ (accessibility) %᾿¨/!¨:· ῟(%5-
/)+ µ=΄%·:!=5* -*µ%-῾%, /%1)+ µ=΄.·¨+ 6΄/¨+ ·¨µ(/2+ ᾿·*5¨∆¨5῾%+ ᾿5¨-!%!=:=!%( %᾿6
῟(/%()µ%!% ᾿·=΅µ%!(/2+ (῟(¨/!*-῾%+ (copyright), =µ᾿¨῟῾Σ¨·!%+ 2 ᾿=5(¨5῾Σ¨·!%+ !* Θ52-*
!¨΅+ -= %·¨(Θ!. ῟=῟¨µΑ·% (open data) ΄(% =/᾿%῾῟=΅-* LLMs. ῝= %5/=!Α+ ῟(/%(¨῟¨-῾=+, *
᾿·25*+ ᾿56-Λ%-* -= ῟(/%-!(/Α+ %᾿¨∆.-=(+ 2 ·¨µ(/. -Θ6·(% %᾿%(!=῾ -΅·῟5¨µ2 2 ᾿%5ΑΘ=!%(
%᾿¨/·=(-!(/. -= Ο=-µ(/¨:+ =!%῾5¨΅+, ΄=΄¨·6+ ᾿¨΅ ῟*µ(¨΅5΄=῾ %·(-6!*!=+ -!*· Α5=΅·%, !*·
=/᾿%῾῟=΅-* /%( !*· %·.᾿!΅;* !=Θ·¨·¨΄()· ῟(/%(¨-:·*+ [30][34]. ,%΅!6Θ5¨·%, Ο=-µ(/. /%(
΄·Γ--(/. =µ᾿6῟(% (institutional and linguistic barriers) ᾿%5%µΑ·¨΅· : * ᾿·=(¨·6!*!% !Γ·
·¨µ(/)· datasets ΅Κ*·2+ ᾿¨(6!*!%+ ῟(%!῾1=!%( µ6·¨ -!% %΄΄·(/., =·) ΄(% !(+ µ(/56!=5=+ 2
·(΄6!=5¨ !=/µ*5(ΓµΑ·=+ Α··¨µ=+ !.;=(+, ¨( -΅··¨΄Α+ =῾·%( ᾿=5(¨5(-µΑ·=+, =··(᾿=῾+ 2 =·!=·)+
%᾿¨:-=+, ῟*µ(¨΅5΄)·!%+ %·(-6!*!% -!*· %·.᾿!΅;* /%( =∆%5µ¨΄2 -΅-!*µ.!Γ· Legal AI [34].

Ε( =᾿(᾿!)-=(+ %᾿6 !% ᾿%5%᾿.·Γ ᾿5¨Λ·2µ%!% =῾·%( ¨΅-()῟=(+ /%( ᾿¨·΅=᾿῾᾿=῟=+ : * ΅-
᾿¨Λ.1µ(-* !*+ %᾿6῟¨-*+ !Γ· LLMs=῾·%( .µ=-*, /%1)+ !% µ¨·!Α·% Θ.·¨΅· !* ῟΅·%!6!*!%
΄=·῾/=΅-*+ /%( ᾿Α∆!¨΅· Ο:µ%!% ¨=5∆(!!(·΄ -= µ* %·!(᾿5¨-Γ᾿=΅!(/. 2 Ο¨5΅Λ)῟* ῟=῟¨µΑ·%,
᾿%5.΄¨·!%+ ·%·1%-µΑ·=+ 2 µ=5¨·*᾿!(/Α+ ·¨µ(/Α+ %·%·:-=(+. 3᾿(᾿·Α¨·, * ᾿=5(¨5(-µΑ·*
᾿5¨-Λ%-(µ6!*!% =᾿(Λ5%῟:·=( !*· Α5=΅·%, %·%-!Α··=( !*· /%(·¨!¨µ῾% /%( -΅·!*5=῾ !¨ Κ*-
Η(%/6 Θ.-µ% %·.µ=-% -= ῟(/%(¨῟¨-῾=+ 2 /¨(·Γ·(/Α+ ¨µ.῟=+ µ= ῟(%∆¨5=!(/6 =᾿῾᾿=῟¨ !=Θ·¨-
·¨΄(/2+ Γ5(µ6!*!%+ [32][34]. 9᾿6 *1(/2+ /%( ·¨µ(/2+ ᾿·=΅5.+, * Θ52-* µ* =·=΄µΑ·Γ·,
%῟=(¨῟¨!*µΑ·Γ· 2 =᾿(µ=·)+ =᾿(-*µ%-µΑ·Γ· ·¨µ(/)· ῟=῟¨µΑ·Γ· =·ΑΘ=( /(·῟:·¨΅+ ᾿%5%Λ῾%-
-*+ !¨΅ %᾿¨552!¨΅, !*+ ᾿5¨-!%-῾%+ ᾿5¨-Γ᾿(/)· ῟=῟¨µΑ·Γ· /%( !*+ %/5(Λ¨:+ =∆%5µ¨΄2+
!*+ %5Θ2+ !*+ ῾-*+ µ=!%Θ=῾5(-*+ (fairness) [33].

Β(% !* Μ=·!῾Γ-* !*+ ᾿¨(6!*!%+ /%( !*+ ᾿5¨-Λ%-(µ6!*!%+ !Γ· ·¨µ(/)· ῟=῟¨µΑ·Γ·, * -:΄-
Θ5¨·* Μ(Λ·(¨΄5%∆῾% ᾿5¨!=῾·=( !* ῟*µ(¨΅5΄῾% %·¨(/!)·, ῟(%·=(!¨΅5΄(/)· /%( Ο=-µ(/. =·=΄-
µΑ·Γ· ·¨µ(/)· -΅··¨΄)· /%1)+ /%( !* -΅-!*µ%!(/2 =᾿(µΑ·=(% !Γ· ῟=῟¨µΑ·Γ· µΑ-Γ !=Θ·(/)·
/%·¨·(/¨᾿¨῾*-*+, =µ᾿·¨΅!(-µ¨: µ= µ=!%῟=῟¨µΑ·% /%( Ο=µ%!(/2+ ᾿¨(/(·¨µ¨5∆῾%+. ῭%5.·-
·*·%, %·%῟=(/·:=!%( * -*µ%-῾% !*+ ῟(=1·¨:+ -΅·=5΄%-῾%+, !6-¨ µ=!%;: ·¨µ(/)· 6-¨ /%(
!=Θ·(/)· =!%῾5Γ·, ΄(% !*· ΅(¨1Α!*-* /¨(·)· ᾿5¨!:᾿Γ· /%( ᾿5%/!(/)· %·¨(/!)· ῟=῟¨µΑ·Γ·,
᾿¨΅ ῟(%-∆%·῾Σ¨΅· !*· ᾿¨(¨!(/2, %-∆%·2 /%( ῟῾/%(* Θ52-* !*+ !=Θ·*!2+ ·¨*µ¨-:·*+ -!¨
῟῾/%(¨ [31]+(!=7%·(=·[33].

3.4 Β῝µ¨-%/΄µ·)·

Χ ᾿%5¨΅-῾%-* !¨΅ Ο=Γ5*!(/¨: ΅᾿6Λ%15¨΅ -!¨ 0=∆.·%(¨ 3 /%!%῟=(/·:=( 6!( * %᾿¨!=-
·=-µ%!(/2 %;(¨᾿¨῾*-* !Γ· 4=΄.·Γ· Β·Γ--(/)· 4¨·!Α·Γ· (LLMs) -!¨· Θ)5¨ !¨΅ ῟(/%῾¨΅
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%᾿%(!=῾ ᾿¨·: ᾿=5(--6!=5% %᾿6 !*· %᾿·2 =·-Γµ.!Γ-* µ(%+ !=Θ·¨·¨΄(/. ᾿5¨*΄µΑ·*+ ·:-*+.
῭%5. !(+ =·!΅᾿Γ-(%/Α+ ῟΅·%!6!*!=+ ᾿¨΅ ᾿5¨-∆Α5¨΅· -!*· =᾿=;=5΄%-῾% /%( %·.·΅-* ·¨µ(/¨-
: /=(µΑ·¨΅, * ᾿¨·΅᾿·¨/6!*!% /%( * %΅-!*56!*!% !*+ ·¨µ(/2+ ᾿·*5¨∆¨5῾%+, -= -΅·῟΅%-µ6
µ= !*· %΅;*µΑ·* =΅1:·* ᾿¨΅ -΅·=᾿.΄=!%( /.1= ·¨µ(/2 %᾿6∆%-*, =᾿(Λ.··¨΅· !* ῟*µ(¨΅5-
΄῾% µ¨·!Α·Γ· Τ*!. ᾿5¨-%5µ¨-µΑ·Γ· /%( =΅1΅΄5%µµ(-µΑ·Γ· µ= !(+ Ο=-µ(/Α+, /¨(·Γ·(/Α+ /%(
*1(/Α+ %᾿%(!2-=(+ !¨΅ /·.῟¨΅.

,¨ ᾿5%΄µ%!(/6 -!¨῾Θ*µ% ῟=· Α΄/=(!%( µ6·¨ -!*· !=Θ·¨·¨΄(/2 ᾿56¨῟¨, %··. -!*· (/%-
·6!*!% !Γ· =5=΅·*!)· /%( ·¨µ(/)· =᾿%΄΄=·µ%!()· ·% ῟(%µ¨5∆)-¨΅· !(+ /%!.··*·=+ ᾿5¨-
Ι᾿¨1Α-=(+ )-!= * !=Θ·¨·¨΄῾% %΅!2 ·% ·=(!¨΅5΄2-=( Γ+ ¨΅-(%-!(/6 =5΄%·=῾¨ ΅᾿¨-!25(;*+,
%᾿¨∆=:΄¨·!%+ ·% ΄῾·=( ᾿*΄2 /(·῟:·¨΅ 2 %µ∆(Λ¨·()·. Χ =᾿(!΅Θ῾% !Γ· LLMs -!¨· ·¨µ(/6
!¨µΑ% Ο% /5(1=῾ 6Θ( µ6·¨ %᾿6 !*· !=Θ·(/2 !¨΅+ %5!(6!*!%, %··. /%( %᾿6 !*· (/%·6!*!% ᾿%-
Τ¨Θ2+ ῟(%∆%·)·, =᾿%·*1=:-(µΓ· /%( %µ=56·*᾿!Γ· ·:-=Γ· ᾿¨΅ =·-Γµ%!)·¨·!%( %5µ¨·(/.
-!*· /%1*µ=5(·2 ·¨µ(/2 ᾿5%/!(/2, =·(-Θ:¨·!%+ !*· =µ᾿(-!¨-:·* !6-¨ !Γ· Η¨5ΑΓ· 6-¨ /%(
!Γ· ᾿¨·(!)·.

3᾿(᾿·Α¨·, * ᾿56/·*-* %΅!2 %᾿%(!=῾ ῟(=᾿(-!*µ¨·(/2 -΅·=5΄%-῾%, 6᾿¨΅ ·¨µ(/¨῾, !=Θ·(/¨῾
/%( Τ΅1µ(-!(/¨῾ Η¨5=῾+ -΅·=5΄.Σ¨·!%( -!=·. ΄(% !¨· -Θ=῟(%-µ6, !*· %;(¨·6΄*-* /%( !* -΅·=Θ2
Μ=·!῾Γ-* !Γ· -΅-!*µ.!Γ· !=Θ·*!2+ ·¨*µ¨-:·*+, =;%-∆%·῾Σ¨·!%+ !* -΅µµ65∆Γ-* µ= !% *1(/.
/%( Ο=-µ(/. ᾿56!΅᾿% ᾿¨΅ ῟(Α᾿¨΅· !¨ ·¨µ(/6 ¨(/¨-:-!*µ%. 46·¨ Α!-( !% LLMs Ο% µ᾿¨5Α-¨΅·
·% =;=·(Θ1¨:· -= =5΄%·=῾% ᾿¨΅ ᾿5%΄µ%!(/. ΅᾿¨-!*5῾Σ¨΅· !*· %᾿¨·¨µ2 ῟(/%(¨-:·*+ /%( !*·
᾿56-Λ%-* -= %΅!2·, -΅·=(-∆Α5¨·!%+ -= Α·% ῟῾/%(¨, ῟(%∆%·Α+ /%( ᾿5¨-Λ.-(µ¨ µΑ··¨·.
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Φ%·3)236Κ -Π·%µ5.6Κ 3·2 )-Λ+23Ν ῝05¨5΅(΄(

Χ=῾-¨῟¨+ !*+ !=Θ·*!2+ ·¨*µ¨-:·*+ -!* ·¨µ(/2 =᾿(-!2µ* -*µ%!¨῟¨!=῾ µ(% ·Α% =᾿¨Θ2
΄(% !*· %·.·΅-*, =᾿=;=5΄%-῾% /%( %;(¨᾿¨῾*-* ·¨µ(/2+ ᾿·*5¨∆¨5῾%+. Ε( -:΄Θ5¨·=+

!=Θ·¨·¨΄(/Α+ ·:-=(+, µ= %(Θµ2 !¨΅ ῟65%!¨+ !% 4=΄.·% Β·Γ--(/. 4¨·!Α·% (LLMs), =᾿%·%-
᾿5¨-῟(¨5῾Σ¨΅· !6-¨ !(+ µ=16῟¨΅+ %·%Σ2!*-*+ /%( /%!*΄¨5(¨᾿¨῾*-*+ ῟=῟¨µΑ·Γ· 6-¨ /%( !¨·
!56᾿¨ µ= !¨· ¨᾿¨῾¨ ᾿5¨-=΄΄῾Σ¨·!%( -:·1=!% ·¨µ(/. =5Γ!2µ%!% /%( ·%µΛ.·¨·!%( %᾿¨∆.-=(+.

Χ Τ%΄῟%῾% %:;*-* !*+ ῟(%1=-(µ6!*!%+ Κ*∆(%/)· ῟=῟¨µΑ·Γ·, * %·.΄/* ΄(% ΄52΄¨5*
/%( %;(6᾿(-!* =᾿=;=5΄%-῾% ᾿·*5¨∆¨5()·, %··. /%( ¨( %᾿%(!2-=(+ ῟(%∆.·=(%+ /%( %/5῾Λ=(%+,
/%1(-!¨:· %·%΄/%῾% !*· ΅(¨1Α!*-* ᾿5¨*΄µΑ·Γ· =5΄%·=῾Γ· -= 6·¨ !¨ Η.-µ% !*+ ·¨µ(/2+
᾿5%/!(/2+. 9᾿6 !*· %·./!*-* =΄΄5.∆Γ· /%( !*· %΅!6µ%!* %·.·΅-* -΅µΛ¨·%῾Γ· ΑΓ+ !*·
᾿56Λ·=Κ* =/Λ.-=Γ· ΅᾿¨1Α-=Γ· /%( !*· ΅᾿¨-!25(;* !¨΅ Α5΄¨΅ !Γ· ῟(/%-!*5῾Γ·, * !=Θ·¨·¨΄῾%
µ=!%-Θ*µ%!῾Σ=( !(+ ῟(%῟(/%-῾=+ /%( =·(-Θ:=( !¨· Τ6·¨ !¨΅ ·¨µ(/¨: =᾿%΄΄=·µ%!῾%.

῝!¨ ᾿%56· /=∆.·%(¨ ᾿%5¨΅-(.Σ¨·!%( ¨( Μ%-(/Α+ ᾿5%/!(/Α+ =∆%5µ¨΄Α+ !Γ· LLMs /%(
!Γ· -΅·%∆)· !=Θ·¨·¨΄()· -!¨· !¨µΑ% !¨΅ ῟(/%῾¨΅, ¨( µΑ1¨῟¨( %;(¨·6΄*-*+ !Γ· -΅-!*µ.!Γ·
%΅!)·, /%1)+ /%( ¨( ᾿5¨/·2-=(+ ᾿¨΅ ᾿5¨/:᾿!¨΅· -!* ῟(%-∆.·(-* !*+ %;(¨᾿(-!῾%+ /%( !*+
·¨µ(/2+ %/5῾Λ=(%+.

4.1 ᾿5µ23Ν Τ!%-῝+· 3·2 8+/3)(΄( Φ0(%5Π5%΅·Κ

Χ ·¨µ(/2 Α5=΅·% /%( * %·./!*-* ᾿·*5¨∆¨5῾%+ (Legal Research and Information Re-
trieval) -΅·(-!¨:· Ο=µΑ·(¨ ·῾1¨ ΄(% /.1= ῟(/%(Π/2 ῟(%῟(/%-῾%, =῾!= ᾿56/=(!%( ΄(% ῟(/%-!(/2
=᾿῾·΅-* ῟(%∆¨5)·, -:·!%;* -΅µΛ¨·%῾Γ·, 2 ΄·Γµ¨῟¨!2-=(+ -= -:·1=!% ·¨µ(/. Υ*!2µ%!%. ῭%-
Τ%῟¨-(%/., * Α5=΅·% %΅!2 -!*5(Σ6!%· -!*· %·%Σ2!*-* ·¨µ¨1=-῾%+, ·¨µ¨·¨΄῾%+ /%( Μ(Λ·(¨-
΄5%∆῾%+ µΑ-% %᾿6 Η΅-(/. %5Θ=῾% 2 %᾿·. *·=/!5¨·(/. -΅-!2µ%!% %·%Σ2!*-*+, µ= /:5(¨
=5΄%·=῾¨ !* ·=/!(/2 !%:!(-* ·Α;=Γ·-/·=(῟()·. ῎-!6-¨, * !%Θ=῾% ᾿56¨῟¨+ !*+ !=Θ·*!2+ ·¨*-
µ¨-:·*+ /%( =(῟(/6!=5% !Γ· 4=΄.·Γ· Β·Γ--(/)· 4¨·!Α·Γ·, ΑΘ=( %·%!5ΑΚ=( Τ(Σ(/. !¨ !¨᾿῾¨ :
!% -:΄Θ5¨·% ·¨µ(/. ᾿·*5¨∆¨5(%/. -΅-!2µ%!% ῟(%1Α!¨΅· ᾿·Α¨· ῟΅·%!6!*!% -*µ%-(¨·¨΄(-
/2+ %·%Σ2!*-*+, /%!*΄¨5(¨᾿¨῾*-*+ /%( %΅!6µ%!*+ %·.·΅-*+ !=5.-!(¨΅ 6΄/¨΅ ·¨µ(/)· /=(-
µΑ·Γ·, ᾿5¨-∆Α5¨·!%+ -!¨· ·¨µ(/6 =᾿%΄΄=·µ%!῾% =5΄%·=῾% ᾿¨΅ ΅᾿=5Λ%῾·¨΅· /%!. ᾿¨·: !(+
᾿%5%῟¨-(%/Α+ µ=16῟¨΅+.

Χ µ=!.Λ%-* %᾿6 !*· %᾿·2 %·%Σ2!*-* Μ.-=( ·Α;=Γ·-/·=(῟()· (keyword-based retrieval)
-= ᾿¨·΅=᾿῾᾿=῟=+, ΅Λ5(῟(/Α+ %5Θ(!=/!¨·(/Α+, 6᾿Γ+ !% -΅-!2µ%!% µ= =·-Γµ%!ΓµΑ·=+ ·=΅5Γ-
·(/Α+ %·%᾿%5%-!.-=(+ (embeddings) /%( pipelines !:᾿¨΅ Retrieval-Augmented Generation

76¨82µ·*6/( 9%῭·).· 43



0=∆.·%(¨ 4. ῭5%/!(/Α+ =∆%5µ¨΄Α+ /%( !=Θ·(/2 ΅·¨᾿¨῾*-*

(RAG), ῟῾·=( !* ῟΅·%!6!*!% =·!¨᾿(-µ¨: /5῾-(µΓ· ·¨µ(/)· !=/µ*5῾Γ· %/6µ% /%( 6!%· ῟(%-
!΅᾿)·¨·!%( µ= ῟(%∆¨5=!(/2 ¨5¨·¨΄῾% 2 =·!.--¨·!%( -= ῟(%∆¨5=!(/. Ο=-µ(/. ᾿·%῾-(%. Χ
=∆%5µ¨΄2 !=Θ·(/)· -*µ%-(¨·¨΄(/2+ ¨µ¨(6!*!%+ (semantic similarity), * Θ52-* ᾿5¨=/᾿%(-
῟=΅µΑ·Γ· ΄·Γ--(/)· µ¨·!Α·Γ· 6᾿Γ+ !% LegalBERT, Lawformer, /%( * %;(¨᾿¨῾*-* ᾿¨·΅-
΄·Γ--(/)· =5΄%·=῾Γ· ΑΘ¨΅· =᾿=/!=῾·=( !* ·=(!¨΅5΄(/6!*!% !Γ· legal research systems -=
᾿%΄/6-µ(¨ =᾿῾᾿=῟¨.

3᾿(᾿·Α¨·, ¨( -:΄Θ5¨·=+ ᾿·%!∆65µ=+ =·-Γµ%!)·¨΅· ᾿·Α¨· ῟΅·%!6!*!=+ %΅!6µ%!*+ /%-
!*΄¨5(¨᾿¨῾*-*+ =΄΄5.∆Γ· (document classification), %·.·΅-*+ ¨µ¨(6!*!%+ ΅᾿¨1Α-=Γ· (case
similarity analysis) /%( =᾿=;*΄2-(µ*+ %·./!*-*+ (explainable retrieval), -΅·῟΅.Σ¨·!%+ ᾿5¨*΄-
µΑ·* %·%Σ2!*-* (advanced search) µ= ·¨µ(/. %·%·΅!(/. =5΄%·=῾% (legal analytics) /%( ΅-
᾿¨µ¨·.῟=+ -΅-!.-=Γ· (recommendation modules). Χ =;Α·(;* %΅!2 ΑΘ=( ¨῟*΄2-=( -!*· %-
·.᾿!΅;* =;=(῟(/=΅µΑ·Γ· -΅·6·Γ· ῟=῟¨µΑ·Γ· (datasets) /%( ᾿·%(-῾Γ· -:΄/5(-*+ =᾿(῟6-=Γ·
(benchmarking frameworks), 6᾿Γ+ !¨ LeCaRD[3] /%( !¨ LexGLUE[42], ᾿¨΅ ΟΑ!¨΅· !% =-
᾿(-!*µ¨·(/. ᾿56!΅᾿% (standards) ΄(% !*· %᾿¨!῾µ*-* !*+ %/5῾Λ=(%+, !*+ ᾿·*56!*!%+, !*+
=᾿=;*΄*µ%!(/6!*!%+ (explainability) /%( !*+ ᾿¨·΅΄·Γ--(/2+ =᾿.5/=(%+ (multilingual com-
petence) !Γ· -΅-!*µ.!Γ· %΅!)·.

῎-!6-¨, * =·-Γµ.!Γ-* !Γ· LLMs -!% ·¨µ(/. -΅-!2µ%!% %·./!*-*+ ᾿·*5¨∆¨5῾%+ =΄=-
῾5=( /%( ·Α=+ ᾿5¨/·2-=(+. ,% ΟΑµ%!% !*+ =5µ*·=΅-(µ6!*!%+ (explainability), !*+ (Θ·*·%-(-
µ6!*!%+ ᾿%5%᾿¨µ᾿)· (citation provenance), !*+ ῟(%-∆.·(-*+ ·¨µ(/2+ =΄/΅56!*!%+ /%( !*+
᾿5¨-%5µ¨΄2+ -= ῟(%∆¨5=!(/. Ο=-µ(/. ᾿·%῾-(% ᾿%5%µΑ·¨΅· %·!(/=῾µ=·¨ Α·!¨·*+ =᾿(-!*µ¨-
·(/2+ -΅Σ2!*-*+. 3᾿(᾿·Α¨·, * ῟(%Θ=῾5(-* !*+ %-.∆=(%+, !Γ· ῟(∆¨5¨:µ=·Γ· =5Γ!*µ.!Γ· /%(
!Γ· ᾿¨·΅=᾿῾᾿=῟Γ· ·¨µ(/)· =··¨()· %᾿%(!=῾ -΅·=Θ2 =;Α·(;* !Γ· %·΄¨5(1µ(/)· /%( ΄·Γ-(%/)·
µ¨·!Α·Γ·.

Χ =·6!*!% 4.1 =-!(.Σ=( %/5(Λ)+ -= %΅!2 !* ·Α% ᾿5%΄µ%!(/6!*!% : ᾿%5¨΅-(.Σ=( !% !=Θ·¨-
·¨΄(/. Ο=µΑ·(%, !(+ =;=·(΄µΑ·=+ µ=1¨῟¨·¨΄῾=+ /%( !(+ ᾿5%/!(/Α+ =∆%5µ¨΄Α+ !Γ· -:΄Θ5¨·Γ·
-΅-!*µ.!Γ· ·¨µ(/2+ %·./!*-*+ ᾿·*5¨∆¨5῾%+, =-!(.Σ¨·!%+ !6-¨ -!(+ ῟΅·%!6!*!=+ 6-¨ /%(
-!¨΅+ ᾿=5(¨5(-µ¨:+ ᾿¨΅ %·%/:᾿!¨΅· -!* µ=!.Λ%-* %᾿6 !% «᾿%5%῟¨-(%/.» ᾿·%῾-(% %·./!*-
-*+ ᾿·*5¨∆¨5῾%+ (IR frameworks) -!% -:΄Θ5¨·%, ·¨µ(/. =΅%(-1*!¨᾿¨(*µΑ·% (legal-aware)
/%( =᾿=;*΄2-(µ% -΅-!2µ%!% !=Θ·*!2+ ·¨*µ¨-:·*+ (explainable AI pipelines). 4Α-% %᾿6
!*· %·.·΅-* ῟(=1·)· ᾿%5%῟=(΄µ.!Γ·, !=Θ·(/)· ΅·¨᾿¨(2-=Γ· /%( =᾿(-!*µ¨·(/)· µ=!5(/)·,
=᾿(῟()/=!%( ·% %᾿¨!΅᾿Γ1=῾ * ᾿¨·΅᾿·¨/6!*!%, !¨ =:5¨+ /%( ¨( ᾿5¨¨᾿!(/Α+ !¨΅ ᾿=῟῾¨΅ %΅!¨:
-!* -:΄Θ5¨·* ·¨µ(/2 ᾿5%/!(/2.

4.1.1 Β῝΄)Νµ·)· 8+/3)(΄(Κ ᾿5µ234+ !..%/Π*+

Χ %·./!*-* ·¨µ(/)· =΄΄5.∆Γ· (document retrieval) %᾿¨!=·=῾ Ο=µΑ·(¨ !*+ -:΄Θ5¨·*+
·¨µ(/2+ =᾿(-!2µ*+ /%( ᾿5%/!(/2+, /%1)+ =᾿(!5Α᾿=( !*· !%Θ=῾%, -!¨Θ=΅µΑ·* /%( !=/µ*5(Γ-
µΑ·* ᾿56-Λ%-* -= ·¨µ¨1=-῾%, ·¨µ¨·¨΄῾%, ῟(¨(/*!(/Α+ ᾿5.;=(+ /%( =5µ*·=΅!(/2 Μ(Λ·(¨΄5%-
Η῾%. ,% !=·=΅!%῾% Θ56·(%, * ᾿56¨῟¨+ -!(+ !=Θ·¨·¨΄῾=+ =᾿=;=5΄%-῾%+ Η΅-(/2+ ΄·)--%+ (Natu-
ral Language Processing) /%( 4=΄.·Γ· Β·Γ--(/)· 4¨·!Α·Γ· (LLMs) ΑΘ=( %·%Λ%1µ῾-=( Τ(Σ(/.
!(+ ῟΅·%!6!*!=+ !Γ· -΅-!*µ.!Γ· %·./!*-*+ ᾿·*5¨∆¨5῾%+, ΗΑ5·¨·!%+ !¨· ·¨µ(/6 =5=΅·*!2
᾿(¨ /¨·!. -= -*µ%-(¨·¨΄(/. ᾿·¨:-(% /%( =᾿=;*΄*µ%!(/. %᾿¨!=·Α-µ%!% [43], [2].

῭%5%῟¨-(%/., !% ·¨µ(/. -΅-!2µ%!% %·%Σ2!*-*+ Μ%-῾Σ¨·!%· -!*· %·!(-!¨῾Θ(-* ·Α;=Γ·-
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4.1.1 ῝΅-!2µ%!% 9·./!*-*+ Φ¨µ(/)· 3΄΄5.∆Γ·

/·=(῟()· (lexical retrieval), 6᾿¨΅ ¨ Θ52-!*+ Α᾿5=᾿= ·% Θ5*-(µ¨᾿¨(2-=( %/5(Λ2 ·¨µ(/2 ¨5¨-
·¨΄῾%, =·) * %·!(-!¨῾Θ(-* Μ%-(Σ6!%· /΅5῾Γ+ -= µ¨·!Α·% !:᾿¨΅ TF-IDF, ·¨΄(/¨:+ !=·=-!Α+
(Boolean retrieval) /%( Η῾·!5% µ=!%῟=῟¨µΑ·Γ·. 9΅!Α+ ¨( µΑ1¨῟¨(, %· /%( ᾿5%/!(/Α+, %῟΅-
·%!¨:-%· ·% -΅··.Λ¨΅· !* -*µ%-(¨·¨΄(/2 -΅·.∆=(% %·.µ=-% -= ῟(%∆¨5=!(/. ῟(%!΅᾿ΓµΑ·=+
%··. ¨΅-(%-!(/. !%΅!6-*µ=+ ·¨µ(/Α+ Α··¨(=+, ¨῟*΄)·!%+ =῾!= -= Θ%µ*·2 %·./·*-* (recall)
=῾!= -= ΅᾿=5∆65!Γ-* µ= .-Θ=!% %᾿¨!=·Α-µ%!% [43].

Χ Α·=΅-* !Γ· µ¨·!Α·Γ· ·=΅5Γ·(/)· =·1΅·%/)-=Γ· (embeddings) 6᾿Γ+ !% LegalBERT[44],
Lawformer[37] 2 JuriBERT[45], =᾿Α!5=Κ= !* µ=!%!5¨᾿2 !6-¨ !Γ· ·¨µ(/)· =΄΄5.∆Γ· 6-¨ /%(
!Γ· =5Γ!*µ.!Γ· -= ῟(%·΅-µ%!(/¨:+ Θ)5¨΅+ ΅Κ*·2+ ῟(.-!%-*+. 4Α-Γ !Γ· embeddings, !¨
-:-!*µ% =῾·%( ᾿·Α¨· -= ΟΑ-* ·% ΅᾿¨·¨΄῾Σ=( !* -*µ%-(¨·¨΄(/2 =΄΄:!*!% (semantic similarity)
µ=!%;: /=(µΑ·Γ·, %/6µ* /%( %· ῟=· ΅᾿.5Θ¨΅· /¨(·Α+ ·Α;=(+-/·=(῟(. [2], [35].

῝!*· ᾿5.;*, !% -:΄Θ5¨·% -΅-!2µ%!% =᾿=;=5΄%-῾%+ (pipelines) %/¨·¨΅1¨:· µ(% ᾿¨·΅=-
᾿῾᾿=῟* ῟(%῟(/%-῾%. 95Θ(/., 6·% !% Α΄΄5%∆% !¨΅ -)µ%!¨+ /=(µΑ·Γ· (corpus) µ=!%!5Α᾿¨·!%(
-= ῟(%·:-µ%!% (vector embeddings) µ= !* Θ52-* Μ=·!(-!¨᾿¨(*µΑ·Γ· ΄·Γ--(/)· µ¨·!Α·Γ·
(fine-tuned language models). ,% ῟(%·:-µ%!% %΅!. %᾿¨1*/=:¨·!%( -= =;=(῟(/=΅µΑ·=+ Μ.-=(+
῟=῟¨µΑ·Γ· !%Θ=῾%+ %·%Σ2!*-*+[2] (vector databases), 6᾿Γ+ ¨( FAISS, Weaviate 2 Milvus,
=᾿(!5Α᾿¨·!%+ !*· .µ=-* /%( %᾿¨῟¨!(/2 %·./!*-* -Θ=!(/)· =΄΄5.∆Γ·.

ΝΕ!%· ¨ Θ52-!*+ ΅᾿¨Λ.··=( Α·% =5)!*µ%, %΅!6 µ=!%!5Α᾿=!%( =᾿῾-*+ -= ῟(.·΅-µ% /%( !¨
-:-!*µ% =·!¨᾿῾Σ=( !% ᾿(¨ -΅·%∆2 %᾿¨!=·Α-µ%!%, Θ5*-(µ¨᾿¨()·!%+ µ=!5(/Α+ 6᾿Γ+ * -΅·*-
µ(!¨·¨=(῟2+ ¨µ¨(6!*!% (cosine similarity). Χ !=·(/2 /%!.!%;* /%( =᾿(·¨΄2 !Γ· =΄΄5.∆Γ·
΄῾·=!%( -΅·῟΅%-!(/., Μ.-=( ·¨µ(/)· µ=!%῟=῟¨µΑ·Γ· (6᾿Γ+ !¨ %5µ6῟(¨ ῟(/%-!25(¨, * *µ=5¨-
µ*·῾% 2 ¨ !:᾿¨+ =΄΄5.∆¨΅), %··. /%( -*µ%-(¨·¨΄(/)· Μ%1µ¨·¨΄()· (semantic scores)[4].
4= %΅!6· !¨· !56᾿¨ ῟(%-∆%·῾Σ=!%( 6!( !¨ -:-!*µ% =᾿(-!5Α∆=( 6Θ( µ6·¨ -Θ=!(/., %··. /%(
·¨µ(/. Α΄/΅5% %᾿¨!=·Α-µ%!%.

Χ /%(·¨!¨µ῾% !Γ· -΅-!*µ.!Γ· %·./!*-*+ µ= =·(-Θ΅µΑ·* ῟*µ(¨΅5΄῾% (Retrieval-Augmented
Generation, RAG) Μ%-῾Σ=!%( %/5(Λ)+ -= %΅!2 !* ῟΅·%!6!*!%. ῝= Α·% !Α!¨(¨ -:-!*µ%, ¨
Θ52-!*+ ΅᾿¨Λ.··=( Α·% =5)!*µ% -= Η΅-(/2 ΄·)--%, !¨ ¨᾿¨῾¨ -!* -΅·ΑΘ=(% =᾿=;=5΄.Σ=!%(
%᾿6 !¨· µ*Θ%·(-µ6 %·./!*-*+ (retriever), ¨ ¨᾿¨῾¨+ =·!¨᾿῾Σ=( !% ᾿·Α¨· -Θ=!(/. !=/µ25(%
µΑ-Γ -*µ%-(¨·¨΄(/2+ %·./!*-*+ (semantic retrieval). 9/¨·¨:1Γ+, Α·% 4=΄.·¨ Β·Γ--(/6
4¨·!Α·¨ (LLM) ᾿%5.΄=( !*· !=·(/2 %᾿.·!*-* 2 µ(% -΅·¨᾿!(/2 %·.·΅-*, =·-Γµ%!)·¨·!%+
%᾿¨-᾿.-µ%!% %᾿6 !% %·%/!*µΑ·% Α΄΄5%∆% [2], [46].

,% -:΄Θ5¨·% -΅-!2µ%!% %·./!*-*+ ·¨µ(/2+ ᾿·*5¨∆¨5῾%+ µ= =·(-Θ΅µΑ·* ΄=·=!(/2 ῟΅·%-
!6!*!% (Retrieval-Augmented Generation – RAG) %;(¨·¨΄¨:·!%( µΑ-Γ =;=(῟(/=΅µΑ·Γ· ᾿·%(-
-῾Γ· -:΄/5(-*+ (benchmarking frameworks), 6᾿Γ+ !¨ LegalBench-RAG. Χ %5Θ(!=/!¨·(/2
RAG -΅·῟΅.Σ=( Α·%· µ*Θ%·(-µ6 %·./!*-*+ -Θ=!(/)· =΄΄5.∆Γ· (retriever) µ= Α·% µ=΄.·¨
΄·Γ--(/6 µ¨·!Α·¨ ᾿%5%΄Γ΄2+ (generator), )-!= ¨( %᾿%·!2-=(+ ·% Μ%-῾Σ¨·!%( 6Θ( µ6·¨ -!*·
=/᾿%῾῟=΅-* !¨΅ µ¨·!Α·¨΅ %··. /%( -= =᾿῾/%(5¨, =;Γ!=5(/6 ΅·(/6. ,% -΅-!2µ%!% %΅!. =-
᾿(῟()/¨΅· ·% %΅;2-¨΅· !*· %/5῾Λ=(% /%( !* ῟(%∆.·=(% !Γ· ᾿%5%΄6µ=·Γ· %᾿%·!2-=Γ·. ,%
᾿·%῾-(% %;(¨·6΄*-*+, 6᾿Γ+ !¨ LegalBench-RAG, µ=!5¨:· µ= %/5῾Λ=(% !6-¨ !*· ᾿·*56!*!%
6-¨ /%( !*· ᾿(1%·6!*!% ᾿%5%΄Γ΄2+ ᾿%5%·*5*µ%!(/)· %᾿%·!2-=Γ· (hallucinations), ᾿5¨-
-∆Α5¨·!%+ %·!(/=(µ=·(/. metrics ΄(% /.1= Η.-* !¨΅ pipeline [46].

῭%5.··*·%, -:·¨·% ῟=῟¨µΑ·Γ· 6᾿Γ+ !¨ LeCaRD (Legal Case Retrieval Dataset) ᾿%-
ΤΑΘ¨΅· µ=΄.·*+ /·῾µ%/%+ ῟=῟¨µΑ·% ᾿5%΄µ%!(/)· ·¨µ(/)· =5Γ!*µ.!Γ· µ= =᾿(-*µ.·-=(+
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0=∆.·%(¨ 4. ῭5%/!(/Α+ =∆%5µ¨΄Α+ /%( !=Θ·(/2 ΅·¨᾿¨῾*-*

%᾿6 =(῟(/¨:+, =᾿(!5Α᾿¨·!%+ !* Τ=%·(-!(/2 ῟¨/(µ2 !Γ· retrieval models [3]. 3µ᾿¨5(/Α+ ᾿·%!-
Η65µ=+, 6᾿Γ+ ¨( Lexis+ AI[47] /%( Westlaw Edge[48], %;(¨᾿¨(¨:· ᾿5¨*΄µΑ·¨΅+ %·΄¨5῾1µ¨΅+
-*µ%-(¨·¨΄(/2+ %·%Σ2!*-*+ -= ᾿5%΄µ%!(/6 Θ56·¨, %· /%( ¨( %/5(Λ=῾+ !=Θ·(/Α+ !¨΅+ ᾿%5%-
µΑ·¨΅· /·=(-!Α+ (proprietary).

Χ Μ%-(/2 Τ¨2 =᾿=;=5΄%-῾%+ (pipeline) !Α!¨(Γ· -΅-!*µ.!Γ· ᾿=5(·%µΛ.·=( %5Θ(/. !¨· /%-
!%/=5µ%!(-µ6 !Γ· ·¨µ(/)· =΄΄5.∆Γ· (document chunking), 6᾿¨΅ µ=΄.·% /=῾µ=·% ῟(%ΘΓ-
Τ῾Σ¨·!%( -= µ(/56!=5% %᾿¨-᾿.-µ%!% µ= =᾿(/%·:Κ=(+. 9/¨·¨΅1=῾ ¨ /%1%5(-µ6+ !¨΅ /=(µΑ·¨΅
΄(% !*· %᾿¨µ./5΅·-* .-Θ=!Γ· -!¨(Θ=῾Γ· /%( µ=!%῟=῟¨µΑ·Γ·, /%( -!* -΅·ΑΘ=(% * µ=!%!5¨᾿2
!Γ· %᾿¨-᾿%-µ.!Γ· -= ῟(%·΅-µ%!(/Α+ %·%᾿%5%-!.-=(+ µΑ-Γ =;=(῟(/=΅µΑ·Γ· µ¨·!Α·Γ· =·-
-Γµ.!Γ-*+ (embedding models), 6᾿Γ+ !% LegalBERT, all-MiniLM-L6-v2, LegalBERT-pt, 2
BERTimbau [49]. Ε( =·-Γµ%!)-=(+ %΅!Α+ %᾿¨1*/=:¨·!%( -= =(῟(/. =΅5=!25(% ῟(%·΅-µ.!Γ·
(vector stores), 6᾿Γ+ !¨ FAISS[2] 2 !¨ Weaviate[50], =᾿(!5Α᾿¨·!%+ !%Θ:!%!* %·%Σ2!*-*. ΝΕ-
!%· =(-.΄=!%( Α·% ·Α¨ =5)!*µ%, /Γ῟(/¨᾿¨(=῾!%( %·!῾-!¨(Θ% -= ῟(.·΅-µ% /%( !¨ =΅5=!25(¨
=᾿(-!5Α∆=( !% %᾿¨-᾿.-µ%!% µ= !* µ=΄%·:!=5* -*µ%-(¨·¨΄(/2 -΅·.∆=(%.

῝!¨ ῝Θ2µ% 4.1 %᾿=(/¨·῾Σ=!%( -Θ*µ%!(/. * ῟(%῟(/%-῾% %;(¨·6΄*-*+ !¨΅ -!%῟῾¨΅ %·./!*-
-*+ (retrieval step) -= !Α!¨(% -΅-!2µ%!%, 6᾿¨΅ * %᾿6῟¨-* !¨΅ µ*Θ%·(-µ¨: %·./!*-*+ -΅-
΄/5῾·=!%( µ= !% gold ῟=῟¨µΑ·% %·%∆¨5.+ ΄(% !* µΑ!5*-* !*+ -΅·.∆=(%+ /%( !*+ %;(¨᾿(-!῾%+
!Γ· %᾿%·!2-=Γ·.

῝Θ2µ% 4.1: 76·῾6/·).· ·;6΅8·῭+)+0 *+0 ΗΑ)+0 ·-Α/*+)+0 (retrieval step) )5 ),)*(µ·*·
Retrieval-Augmented Generation (RAG). Ι· ·-·/*+∆῟-*· ·¨΅)¨Α)µ·*· ),῭/%.-΅-*·6 µ5 *·
᾿%,)Α ῾5῾΅µ῟-· (gold data) ῭6· *+- ·¨΅*.µ+)+ *+0 ),-Α΄56·0 /·6 *+0 ¨΅6·*+*·0 *+0 ·-Α/*+-
)+0.

Χ ῟(%῟(/%-῾% %΅!2 =·(-Θ:=( !*· %·%Σ2!*-* ᾿Α5% %᾿6 %᾿·Α+ ·Α;=(+-/·=(῟(., %;(¨᾿¨()·!%+
!*· ᾿5%΄µ%!(/2 ·¨µ(/2 -΅·.∆=(%. 3(῟(/. -= ΄·)--=+ 2 ῟(/%(¨῟¨-῾=+ µ= ᾿=5(¨5(-µΑ·¨΅+
᾿65¨΅+ (low-resource systems), * ᾿5¨-%5µ¨΄2 ᾿¨·΅΄·Γ--(/)· µ¨·!Α·Γ·, 6᾿Γ+ !¨ XLM-
Roberta[42], 2 * Θ52-* =;=(῟(/=΅µΑ·Γ· µ¨·!Α·Γ· (LegalBERT-pt, BERTimbau), ΑΘ=( -΅µ-
Μ.·=( -*µ%·!(/. -!*· %/5῾Λ=(% /%( !* ·=(!¨΅5΄(/6!*!% !Γ· -΅-!*µ.!Γ· %΅!)· [49][51].

῭Α5% %᾿6 !% /·%-(/. -΅-!2µ%!% %·./!*-*+ µ= ᾿΅/·Α+ %·%᾿%5%-!.-=(+ (dense re-
trieval pipelines), -2µ=5% %·%᾿!:--¨·!%( ΅Λ5(῟(/. µ¨·!Α·% ᾿¨΅ -΅·῟΅.Σ¨΅· %5%(2 (sparse,
᾿.Θ. TF-IDF/·Α;=(+-/·=(῟(.) /%( ᾿΅/·2 (dense, ῟*·%῟2 -*µ%-(¨·¨΄(/2) %·./!*-*. ῭%5.·-
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4.1.1 ῝΅-!2µ%!% 9·./!*-*+ Φ¨µ(/)· 3΄΄5.∆Γ·

·*·%, ᾿5¨ΘΓ5*µΑ·% -΅-!2µ%!% =·-Γµ%!)·¨΅· ΄·Γ-(%/. ΄5%∆2µ%!% (knowledge graphs,
KG-RAG), 6᾿¨΅ ¨( ¨·!¨·¨΄῾=+ /%( ¨( -ΘΑ-=(+ !¨΅ ῟(/%῾¨΅ /%!=΅1:·¨΅· !*· %·%Σ2!*-* -= Ο=-
µ%!(/¨:+ /6µΛ¨΅+, =᾿(!5Α᾿¨·!%+ ᾿=5(--6!=5¨ =᾿=;*΄2-(µ% (explainable) %᾿¨!=·Α-µ%!% [52].
Ζ%5%/!*5(-!(/6 ᾿%5.῟=(΄µ% -:΄Θ5¨·*+ %5Θ(!=/!¨·(/2+ RAG %᾿¨!=·=῾ !¨ -:-!*µ% LawPal,
!¨ ¨᾿¨῾¨ ΑΘ=( ΅·¨᾿¨(*1=῾ ΄(% !¨ (·῟(/6 ·¨µ(/6 -:-!*µ%[2]. ,¨ LawPal =·-Γµ%!)·=( !=Θ·(-
/Α+ ᾿5¨=᾿=;=5΄%-῾%+, /%!%/=5µ%!(-µ¨: /%( -*µ%-(¨·¨΄(/2+ =·-Γµ.!Γ-*+ =΄΄5.∆Γ·, =·)
%;(¨᾿¨(=῾ !¨ FAISS ΄(% (=5%5Θ(/6 indexing /%( !%Θ:!%!* %·./!*-* -Θ=!(/)· %᾿¨-᾿%-µ.!Γ·.

Χ %᾿6῟¨-* !Γ· -΅-!*µ.!Γ· %·./!*-*+ ·¨µ(/)· =΄΄5.∆Γ· µ=!5(Α!%( -΅·21Γ+ µ= re-
call@k, µΑ-¨ 65¨ %/5῾Λ=(%+ (mean average precision, MAP), /%·¨·(/¨᾿¨(*µΑ·¨ %15¨(-!(/6
Μ%1µ6 /%!.!%;*+ (nDCG), %··. /%( µ= ·¨µ(/. =;=(῟(/=΅µΑ·=+ µ=!5(/Α+, 6᾿Γ+ !¨ ᾿¨-¨-!6 ᾿%-
Τ%(-12-=Γ· (hallucination rate) /%( * -΅·Α᾿=(% ᾿%5%᾿¨µ᾿)· (citation consistency), ῟*·%῟2
!¨ /%!. ᾿6-¨ ¨( ᾿%5%᾿¨µ᾿Α+ =·-Γµ%!)·¨·!%( ¨51. -!(+ !=·(/Α+ %᾿%·!2-=(+ [46], [53].

,%΅!6Θ5¨·%, =;%/¨·¨΅1¨:· ·% ΅᾿.5Θ¨΅· -*µ%·!(/Α+ ᾿5¨/·2-=(+. ῭5)!¨·, * =᾿%·*1=΅-
-(µ6!*!% (verifiability) !Γ· %᾿%·!2-=Γ· %᾿¨!=·=῾ ῟(%5/Α+ Υ*!¨:µ=·¨, (῟(%῾!=5% -!% -΅-!2µ%!%
RAG, 6᾿¨΅ !% 4=΄.·% Β·Γ--(/. 4¨·!Α·% (LLMs) µ᾿¨5=῾ ·% ᾿%5.΄¨΅· µ* !=/µ*5(ΓµΑ·=+
᾿·*5¨∆¨5῾=+ [2], [46]. 3᾿(᾿·Α¨·, ᾿%5%!*5=῾!%( ᾿=5(¨5(-µΑ·* ῟(%∆.·=(% -!% =µ᾿¨5(/. ᾿5¨-
΄5%µµ%!(-!(/. ᾿=5(Λ.··¨·!% (commercial APIs), ΄=΄¨·6+ ᾿¨΅ ῟΅-Θ=5%῾·=( !¨· Α·=΄Θ¨ /%( !*·
%;(¨·6΄*-* !Γ· %᾿¨!=·=-µ.!Γ·. ,Α·¨+, ᾿%5%µΑ·=( Θ%µ*·2 * /.·΅Κ* -= ΄·)--=+ 2 Α··¨µ=+
!.;=(+ µ= ᾿=5(¨5(-µΑ·% ῟(%1Α-(µ% ῟=῟¨µΑ·%.

Χ %;(¨·6΄*-* !*+ %᾿6῟¨-*+ !Γ· -΅-!*µ.!Γ· RAG -!* ·¨µ(/2 Α5=΅·% ᾿5%΄µ%!¨᾿¨(=῾!%(
-΅·῟΅.Σ¨·!%+ µ=!5(/Α+ %·./!*-*+ (᾿.Θ. Precision@K, MRR, nDCG) /%( ΄=·=!(/2+ -΅·Α᾿=(%+
(᾿.Θ. BLEU, ROUGE, Legal Consistency Score). ΝΕ᾿Γ+ %·%῟=(/·:=!%( -!*· ᾿56-∆%!* µ=-
·Α!* ΄(% !¨ LawPal[2], * Θ52-* !¨΅ FAISS ᾿5¨-∆Α5=( -*µ%·!(/. ᾿·=¨·=/!2µ%!% -= recall
/%( !%Θ:!*!% Α·%·!( .··Γ· =᾿(·¨΄)· (᾿.Θ. Chroma), =·) !¨ -:-!*µ% =᾿(!΅΄Θ.·=( -΅·¨·(/2
%/5῾Λ=(% .·Γ !¨΅ 90% -!*· %·%Σ2!*-* /%( =5µ*·=῾% ·¨µ(/)· ῟=῟¨µΑ·Γ·. ,% ᾿%5%᾿.·Γ ᾿¨-
-¨-!. ᾿5¨/:᾿!¨΅· %᾿6 -΅·῟΅%-µ6 %΅!¨µ%!¨᾿¨(*µΑ·Γ· µ=!5(/)· (᾿.Θ. Legal Consistency
Score, BLEU, ROUGE) /%( ᾿¨(¨!(/2+ %;(¨·6΄*-*+ %᾿6 =;=(῟(/=΅µΑ·¨΅+ ·¨µ(/¨:+ =µ᾿=(5¨-
΄·)µ¨·=+. ῭%5.··*·%, * %·.·΅-* (/%·¨᾿¨῾*-*+ Θ5*-!)· ᾿¨΅ -΅µµ=!=῾Θ%· -!* ῟¨/(µ2 !*+
᾿·%!∆65µ%+ /%!%΄5.∆=( (῟(%῾!=5% ΅Κ*·6 ᾿¨-¨-!6 (85%), =᾿(Λ=Λ%()·¨·!%+ !* Θ5*-!(/6!*!%
/%( %;(¨᾿(-!῾% !¨΅ -΅-!2µ%!¨+ -!*· ᾿5.;* [2].

῭Α5% %᾿6 !(+ ᾿%5%῟¨-(%/Α+ µ=!5(/Α+ %·./!*-*+, (῟(%῾!=5* -*µ%-῾% %᾿¨῟῾῟=!%( -!*·
΅᾿¨·¨΄(-!(/2 %᾿¨῟¨!(/6!*!% !Γ· -΅-!*µ.!Γ· RAG, =(῟(/. 6!%· =∆%5µ6Σ¨·!%( -= µ=΄.·%,
=!=5¨΄=·2 ·¨µ(/. -:·¨·% ῟=῟¨µΑ·Γ·. ῝!¨ ῝Θ2µ% 4.2 ᾿%5¨΅-(.Σ=!%( * %·.·΅-* Θ56·¨΅
=᾿=;=5΄%-῾%+ =5Γ!*µ.!Γ· -!¨ -:-!*µ% LawPal, %·.·¨΄% µ= !¨ =᾿῾᾿=῟¨ ᾿¨·΅᾿·¨/6!*!%+
!Γ· queries. ῭%5%!*5=῾!%( 6!(, ᾿%5. !*· %΅;%·6µ=·* ᾿¨·΅᾿·¨/6!*!%, !¨ -:-!*µ% ῟(%!*5=῾
(/%·¨᾿¨(*!(/¨:+ Θ56·¨΅+ %᾿6/5(-*+, ῟(%-∆%·῾Σ¨·!%+ real-time legal assistance. Χ %᾿¨!=·=-
-µ%!(/2 Θ52-* !¨΅ FAISS ΄(% retrieval /%( * %5Θ(!=/!¨·(/2 µ= DeepSeek-R1:5B =᾿(!5Α᾿¨΅·
΅Κ*·2 /·(µ./Γ-* /%( -!%1=56!*!% %᾿6῟¨-*+, %/6µ* /%( ΅᾿6 Α·!¨·% Η¨5!῾% [2].

῝΅µ᾿=5%-µ%!(/., !% -:΄Θ5¨·% -΅-!2µ%!% %·./!*-*+ ·¨µ(/)· =΄΄5.∆Γ· ΑΘ¨΅· %··.;=(
Τ(Σ(/. !¨ !¨᾿῾¨ !*+ ·¨µ(/2+ Α5=΅·%+. 9᾿6 !% ./%µ᾿!% -΅-!2µ%!% Μ%-(-µΑ·% -= ·Α;=(+-
/·=(῟(. (keyword-based search), ᾿=5.-%µ= -= (῟(%῾!=5% =΅Α·(/!%, ᾿¨·΅΄·Γ--(/. /%( =᾿=;*-
΄2-(µ% (explainable) -΅-!2µ%!% =᾿=;=5΄%-῾%+ (pipelines), µ= !=5.-!(=+ ᾿5¨¨᾿!(/Α+ %··. /%(
¨΅-(%-!(/Α+ !=Θ·(/Α+ ᾿5¨/·2-=(+. Ε ῟(%5/2+ -΅·῟΅%-µ6+ ᾿5%/!(/2+ µ*Θ%·(/2+ ΅·¨᾿¨῾*-*+
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/%( =᾿(-!*µ¨·(/2+ %;(¨·6΄*-*+ Ο% ᾿%5%µ=῾·=( -!¨ =᾿῾/=·!5¨ !*+ =;Α·(;*+ !Γ· -΅-!*µ.!Γ·
·¨µ(/2+ %·./!*-*+ ᾿·*5¨∆¨5῾%+ (legal IR systems) !% =᾿6µ=·% Θ56·(%.

῝Θ2µ% 4.2: 4-Α8,)+ ᾿%·-΅, 5¨5;5%῭·).·0 5%2*+µΑ*2- )*΅ )Γ)*+µ· LawPal, )5 ),-Α%*+)+ µ5
*΅ 5¨.¨5῾΅ ¨΅8,¨8΅/·*+*·0 *2- queries. Ι΅ )Γ)*+µ· ῾6·*+%5. ᾿·µ+8΅Γ0 ᾿%·-΅,0 ·¨·/%6)+0
·/·µ+ /·6 )5 ·¨·6*+*6/Α )5-Α%6·, ῭5῭΅-·0 ¨΅, 5-6)᾿Γ56 *+ ᾿%+)*6/·*+*· /·6 *+- ·¨΅῾΅*6/·*+*·
)5 -΅µ6/῟0 5΄·%µ΅῭῟0 ¨%·῭µ·*6/΅Γ ᾿%·-΅, [2].

4.1.2 8+/0῝΄( :µ52Μ)()·Κ ᾿5µ234+ =¨5Ο6΄-*+

Χ %·.·΅-* ¨µ¨(6!*!%+ ·¨µ(/)· ΅᾿¨1Α-=Γ· (legal case similarity analysis) %᾿¨!=·=῾ µ῾%
%᾿6 !(+ ᾿(¨ /5῾-(µ=+ ·=(!¨΅5΄῾=+ !*+ ·¨µ(/2+ ᾿·*5¨∆¨5(/2+, /%1)+ =·(-Θ:=( !* ῟΅·%!6!*!%
=·!¨᾿(-µ¨: -Θ=!(/)· ᾿5¨*΄¨΅µΑ·Γ·, !* -΅΄/5(!(/2 =;Α!%-* %᾿¨∆.-=Γ· /%( !* ῟(%µ65∆Γ-*
-΅·=/!(/)· =᾿(Θ=(5*µ.!Γ· -= ᾿5%΄µ%!(/. ῟(/%-!(/. 2 =5=΅·*!(/. -=·.5(%. Χ =;Α·(;* !Γ·
!=Θ·¨·¨΄()· =᾿=;=5΄%-῾%+ Η΅-(/2+ ΄·)--%+ /%( !Γ· LLMs ΑΘ=( =᾿(!5ΑΚ=( !*· %·.᾿!΅;* =5΄%-
·=῾Γ· ᾿¨΅ ΅᾿=5Λ%῾·¨΅· !% 65(% !*+ ·=/!(/2+ ¨µ¨(6!*!%+ /%( %;(¨᾿¨(¨:· !* -*µ%-(¨·¨΄(/2,
Ο=µ%!(/2 /%( ῟¨µ(/2 -΅·.∆=(% µ=!%;: ·¨µ(/)· /=(µΑ·Γ· [43], [2].

Χ Α··¨(% !*+ ¨µ¨(6!*!%+ -!* ·¨µ(/2 ᾿5%/!(/2 =῾·%( ᾿¨·΅῟(.-!%!*. 7=· %∆¨5. %᾿·)+
!*· !%:!(-* 65Γ·, %··. =/!=῾·=!%( -!* -:΄/5(-* ·¨µ(/)· Υ*!*µ.!Γ·, ᾿5%΄µ%!(/)· ᾿=5(-!%-
!(/)·, =᾿(Θ=(5*µ%!¨·¨΄῾%+ /%( %᾿¨!=·Α-µ%!¨+. Β(% ᾿%5.῟=(΄µ%, ῟:¨ %᾿¨∆.-=(+ µ᾿¨5=῾ ·%
Ο=Γ5¨:·!%( -΅·%∆=῾+ %· %∆¨5¨:· ᾿%56µ¨(% ·¨µ(/. Υ*!2µ%!%, %/6µ% /( %· ῟(%∆Α5¨΅· ¨(
=᾿(µΑ5¨΅+ ῟(%!΅᾿)-=(+ 2 !% ᾿5%΄µ%!(/. ᾿=5(-!%!(/.. 9·!῾-!¨(Θ%, µ᾿¨5=῾ ·% =µ∆%·῾Σ=!%( ¨-
µ¨(6!*!% -= =᾿῾᾿=῟¨ =∆%5µ¨-!ΑΓ· ῟(%!.;=Γ· 2 ·¨µ(/)· -΅··¨΄(-µ)·, %/6µ% /%( %· ¨( ·Α;=(+
῟(%∆Α5¨΅· -*µ%·!(/.. ,¨ ΄=΄¨·6+ %΅!6 %·%῟=(/·:=( !* -*µ%-῾% !*+ -*µ%-(¨·¨΄(/2+ =΄΄:!*-
!%+ (semantic similarity) Γ+ ᾿5Γ!=:¨·!¨+ /5(!*5῾¨΅ -= -:΄Θ5¨·% ᾿·*5¨∆¨5(%/. -΅-!2µ%!%
[43], [35].

῝!*· /%5῟(. %΅!2+ !*+ µ=!.Λ%-*+ Μ5῾-/¨·!%( !% !=Θ·¨·¨΄(/. =5΄%·=῾% !Γ· =·-Γµ%!)-=-
Γ· (embeddings), 6᾿¨΅ /.1= ·¨µ(/6 /=῾µ=·¨ µ=!%!5Α᾿=!%( -= ᾿¨·΅῟(.-!%!¨ ῟(.·΅-µ% ᾿¨΅
%᾿¨!΅᾿)·=( 6Θ( µ6·¨ !¨ ·=/!(/6 ᾿=5(=Θ6µ=·¨, %··. /%( !(+ -*µ%-(¨·¨΄(/Α+, ῟¨µ(/Α+ /%(
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4.1.2 9·.·΅-* Εµ¨(6!*!%+ Φ¨µ(/)· Ρ᾿¨1Α-=Γ·

Ο=µ%!(/Α+ %᾿¨Θ5)-=(+ !*+ ΅᾿61=-*+. 4¨·!Α·% 6᾿Γ+ !¨ LegalBERT, !¨ Lawformer[37], !¨
all-MiniLM-L6-v2 ᾿5¨-∆Α5¨΅· !* ῟΅·%!6!*!% %·%᾿%5.-!%-*+ ᾿=5῾᾿·¨/Γ· ·¨µ(/)· ῟=῟¨-
µΑ·Γ· µ= µ=΄.·* ᾿(-!6!*!% [35], [4], [51].

Χ %·.·΅-* ¨µ¨(6!*!%+ ΅·¨᾿¨(=῾!%( -΅·21Γ+ µΑ-Γ µ(%+ %··*·¨΅Θ῾%+ Μ*µ.!Γ·. 95Θ(/.,
!% ·¨µ(/. Α΄΄5%∆% ῟(%-᾿)·!%( -= -*µ%-(¨·¨΄(/. %᾿¨-᾿.-µ%!% /%( ΅∆῾-!%·!%( ᾿5¨=᾿=;=5-
΄%-῾% (/%1%5(-µ6, /%·¨·(/¨᾿¨῾*-*, %∆%῾5=-* Ο¨5:Λ¨΅). ῝!* -΅·ΑΘ=(%, /.1= %᾿6-᾿%-µ%
µ=!%!5Α᾿=!%( -= ῟(%·΅-µ%!(/2 %·%᾿%5.-!%-* µ= =/᾿%῾῟=΅-* ᾿5¨-%5µ¨-µΑ·Γ· µ=!%-Θ*-
µ%!(-!)· (fine-tuned transformers). ,¨ ῾῟(¨ ΄῾·=!%( /%( µ= !¨ =5)!*µ% 2 !* ·Α% ΅᾿61=-*
᾿¨΅ =;=!.Σ=!%(. Ε ΅᾿¨·¨΄(-µ6+ !*+ ¨µ¨(6!*!%+ ᾿5%΄µ%!¨᾿¨(=῾!%( µ= µΑ!5% 6᾿Γ+ * ΄Γ·(%/2
¨µ¨(6!*!% (cosine similarity) 2 * =΅/·=῾῟=(% %᾿6-!%-*, /%( -!* -΅·ΑΘ=(% =᾿(·Α΄¨·!%( !% %᾿¨-
-᾿.-µ%!% 2 ¨( ΅᾿¨1Α-=(+ µ= !¨ µ=΄%·:!=5¨ Μ%1µ6 -΅·.∆=(%+ [46]. ῭5¨ΘΓ5*µΑ·% -΅-!2µ%!%
΅·¨᾿¨(¨:· ᾿¨·΅=᾿῾᾿=῟=+ 2 ΅Λ5(῟(/Α+ %·%᾿%5%-!.-=(+, 6᾿¨΅ /.1= ΅᾿61=-* %᾿¨/!. ;=ΘΓ5(-
-!. =µΛ=῟῟(·΄+ ΄(% /5῾-(µ=+ ῟(%-!.-=(+, 6᾿Γ+ !% ᾿5%΄µ%!(/. ΄=΄¨·6!%, !% ·¨µ(/. Υ*!2µ%!%,
/%( !¨ %᾿¨!Α·=-µ% !*+ ῟῾/*+. 9΅!2 * ᾿5¨-Α΄΄(-*, ΄·Γ-!2 Γ+ hierarchical embedding, =᾿(-
!5Α᾿=( µ=΄%·:!=5* %/5῾Λ=(% /%( =΅=·(;῾% -!*· %·.·΅-* /%( ΑΘ=( %᾿¨῟=(Θ1=῾ %᾿¨!=·=-µ%!(/2
-= µ=΄.·*+ /·῾µ%/%+ ·¨µ(/. datasets, 6᾿Γ+ !¨ LeCaRD [3].

῭%5.··*·%, * %;(¨᾿¨῾*-* ΄5.∆Γ· ΄·)-*+ (knowledge graphs) /%( %·΄¨5῾1µΓ· ·=΅5Γ-
·(/)· ῟(/!:Γ· ᾿.·Γ -= ΄5.∆¨΅+ (Graph Neural Networks – GNN) ΑΘ=( ῟)-=( ·Α% )1*-*
-!*· %·.·΅-* ¨µ¨(6!*!%+, =᾿(!5Α᾿¨·!%+ !*· %᾿¨/.·΅Κ* /5΅∆)· Ο=µ%!(/)· 2 Τ*!¨5(/)·
-΅-Θ=!῾-=Γ· µ=!%;: ΅᾿¨1Α-=Γ·. ,% ᾿·%῾-(% %·./!*-*+ Μ.-=( ΄5%∆*µ.!Γ· (graph-based re-
trieval frameworks) %;(¨᾿¨(¨:· ᾿·*5¨∆¨5῾=+ %᾿6 ῟῾/!΅% ᾿%5%᾿¨µ᾿)· (citation networks)
/%( (=5%5Θ(/Α+ -ΘΑ-=(+ (hierarchical relations), ᾿5¨-∆Α5¨·!%+ !* ῟΅·%!6!*!% =·!¨᾿(-µ¨:
-΅--Γµ%!)-=Γ· (clusters) %᾿¨∆.-=Γ· ᾿¨΅ ᾿%5¨΅-(.Σ¨΅· ᾿%56µ¨(¨ ·¨µ(/6 -/=᾿!(/6 [49],
[52].

Χ =᾿(!΅Θ῾% %΅!)· !Γ· -΅-!*µ.!Γ· %;(¨·¨΄=῾!%( µ= Θ52-* =;=(῟(/=΅µΑ·Γ· -΅·6·Γ· ῟=-
῟¨µΑ·Γ· (datasets) /%( ᾿5¨!:᾿Γ· %;(¨·6΄*-*+ (benchmarks). ,¨ LeCaRD (Legal Case Re-
trieval Dataset) %᾿¨!=·=῾ Θ%5%/!*5(-!(/6 ᾿%5.῟=(΄µ%, /%1)+ ᾿%5ΑΘ=( Θ(·(.῟=+ =5Γ!2µ%!%
(queries) /%( =/%!¨·!.῟=+ Θ(·(.῟=+ ·¨µ(/Α+ ΅᾿¨1Α-=(+ µ= =᾿(-2µ%·-* -΅·.∆=(%+ %᾿6 =(῟(-
/¨:+ (expert labeling). Ν3·% =·῟=(/!(/6 ᾿%5.῟=(΄µ% Υ=:΄¨΅+ =5Γ!2µ%!¨+ /%( ΅᾿¨Κ2∆(%+
΅᾿61=-*+ ᾿%5¨΅-(.Σ=!%( -!¨ ῝Θ2µ% 4.3, ᾿5¨-∆Α5¨·!%+ %;(6᾿(-!* Μ.-* ΄(% !*· %;(¨·6΄*-*
!*+ %᾿6῟¨-*+ -΅-!*µ.!Γ· %·./!*-*+ ·¨µ(/)· =΄΄5.∆Γ·.

Ν3·% %᾿6 !% -*µ%·!(/6!=5% ᾿5¨Λ·2µ%!% ᾿¨΅ %·%῟=(/·:¨·!%( %᾿6 !* Μ(Λ·(¨΄5%∆῾% =῾·%(
!¨ ΄=΄¨·6+ 6!( * -΅·.∆=(% ῟=· =῾·%( ᾿.·!% %·!(/=(µ=·(/2. 4*Θ%·Α+ /%( .·15Γ᾿¨( ῟(%∆Γ-
·¨:· -΅Θ·. ΄(% !¨ ᾿¨(% ΅᾿61=-* =῾·%( ᾿5%΄µ%!(/. 6µ¨(%, =·) %/6µ% /%( µ=!%;: ·¨µ(/)·
* %;(¨·6΄*-* µ᾿¨5=῾ ·% ᾿¨(/῾·=( %·.·¨΄% µ= !¨ ᾿·%῾-(¨ /%( !¨ =῾῟¨+ !*+ ·¨µ(/2+ =5)!*-
-*+ [53]. Ν3!-(, * %;(6᾿(-!* %·.·΅-* ¨µ¨(6!*!%+ %᾿%(!=῾ -΅·῟΅%-µ6 %΅!6µ%!Γ· µ=!5(/)·,
%;(¨·6΄*-*+ %᾿6 =(῟(/¨:+ (expert review), %··. /%( =᾿=;*΄*-(µ6!*!%+ (explainability) — ῟*-
·%῟2 !* ῟΅·%!6!*!% !¨΅ -΅-!2µ%!¨+ ·% =;*΄=῾ ᾿)+ /%( ΄(%!῾ /%!Α·*;= -= µ(% -΅΄/=/5(µΑ·*
-΅-ΘΑ!(-*. ῝:΄Θ5¨·=+ ᾿5¨-=΄΄῾-=(+, 6᾿Γ+ !% =5΄%·=῾% ¨᾿!(/¨᾿¨῾*-*+ ᾿5¨-¨Θ2+ (attention
visualization tools) /%( * %·῾Θ·=΅-* ᾿%5%᾿¨µ᾿)· (citation tracing), =᾿(!5Α᾿¨΅· !*· =5µ*·=-
῾% !*+ ᾿¨5=῾%+ ·2Κ*+ %᾿¨∆.-=Γ· %᾿6 !¨ -:-!*µ%, ᾿5¨-∆Α5¨·!%+ ῟(%∆.·=(% /%( !=/µ*5῾Γ-*,
%᾿%5%῾!*!* ΄(% !* ·¨µ(/2 ᾿5%/!(/2 [52].

῝΅·¨·(/., * %·.·΅-* ¨µ¨(6!*!%+ ·¨µ(/)· ΅᾿¨1Α-=Γ· %᾿¨!=·=῾ -2µ=5% ᾿=῟῾¨ !%Θ=῾%+
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=᾿(-!*µ¨·(/2+ /%( !=Θ·¨·¨΄(/2+ =;Α·(;*+, 6᾿¨΅ !% ·¨µ(/. =΅%(-1*!¨᾿¨(*µΑ·% =µΛ=῟῟(·΄+
(legal-aware embeddings), !% ΄·Γ-(%/. ΄5%∆2µ%!% (knowledge graphs) /%( !% ᾿56!΅᾿%
%;(¨·6΄*-*+ (benchmarking frameworks) ῟(%µ¨5∆)·¨΅· ·Α% ᾿56!΅᾿% ΄(% !* ·¨µ(/2 Α5=΅-
·%, ᾿5¨-∆Α5¨·!%+ µ=΄%·:!=5* %/5῾Λ=(%, !%Θ:!*!% /%( ῟(%∆.·=(% -!*· %·%Σ2!*-* -΅·%∆)·
΅᾿¨1Α-=Γ·.

῝Θ2µ% 4.3: Θ·%Α῾56῭µ· 15Γ῭΅,0 5%2*(µ·*΅0 (query) /·6 ,¨΅Β(΄6·0 ,¨·∆5)+0 (candidate
case) ·¨· *΅ )Γ-΅8΅ ῾5῾΅µ῟-2- LeCaRD.[3].

4.1.3 Σ-Λ+23/ Φ·%·῭-΅.µ·)· =05¨5΅(΄(Κ

Χ ᾿5%/!(/2 ΅·¨᾿¨῾*-* -΅-!*µ.!Γ· ·¨µ(/2+ %·./!*-*+ ᾿·*5¨∆¨5῾%+ µ= %;(¨᾿¨῾*-*
4=΄.·Γ· Β·Γ--(/)· 4¨·!Α·Γ· (LLMs) %᾿%(!=῾ -΅·῟΅%-!(/2 %;(¨᾿¨῾*-* !=Θ·¨·¨΄()· =᾿=;=5-
΄%-῾%+ Η΅-(/2+ ΄·)--%+, ῟(%·΅-µ%!(/)· %·%᾿%5%-!.-=Γ· (embeddings), indexing ΅Κ*·2+
%᾿6῟¨-*+, /%( %5Θ(!=/!¨·(/)· !:᾿¨΅ Retrieval-Augmented Generation (RAG). ,% ᾿%5%/.!Γ
᾿%5%῟=῾΄µ%!% %·%῟=(/·:¨΅· !* ῟(%῟5¨µ2 %᾿6 !*· %5Θ(/2 %·.·΅-* /%( !µ*µ%!¨᾿¨῾*-* !Γ·
=΄΄5.∆Γ· ΑΓ+ !*· %;(¨·6΄*-* !*+ %᾿6῟¨-*+ !¨΅ -΅-!2µ%!¨+ -= ᾿5%΄µ%!(/Α+ ·¨µ(/Α+ Τ¨Α+
=5΄%-῾%+, -!*5(΄µΑ·% -!* ῟(=1·2 Μ(Λ·(¨΄5%∆῾%.

Ν3·% !΅᾿(/6 -:-!*µ% -*µ%-(¨·¨΄(/2+ %·%Σ2!*-*+ (semantic search pipeline) ΄(% ·¨-
µ(/. Α΄΄5%∆% ;=/(·. µ= !* -΅··¨΄2 /%( ᾿5¨/%!%5/!(/2 =᾿=;=5΄%-῾% µ=΄.·¨΅ %5(1µ¨: ·¨-
µ(/)· /=(µΑ·Γ·, !% ¨᾿¨῾% -΅·21Γ+ !=µ%Θ῾Σ¨·!%( -= µ(/56!=5% %᾿¨-᾿.-µ%!% µ=΄Α1¨΅+ 512
tokens µ= =᾿(/.·΅Κ* (overlapping), )-!= ·% ῟(%!*5=῾!%( * Ο=µ%!(/2 -΅·¨Θ2 /%( ·% %᾿¨∆=-
:΄¨·!%( /¨᾿Α+ ·¨*µ%!(/. -*µ%·!(/)· =··¨()·. 9/¨·¨΅1=῾ * µ=!%!5¨᾿2 /.1= %᾿¨-᾿.-µ%!¨+
-= ῟(%·΅-µ%!(/2 %·%᾿%5.-!%-* (vector representation) µΑ-Γ ᾿5¨=/᾿%(῟=΅µΑ·Γ· µ¨·!Α·Γ·
6᾿Γ+ !¨ LegalBERT, ᾿¨΅ ΑΘ=( %·%᾿!΅Θ1=῾ =(῟(/. ΄(% ·¨µ(/. /=῾µ=·% /%( ᾿5¨-∆Α5=( Μ=·!(Γ-
µΑ·* -*µ%-(¨·¨΄(/2 %᾿6῟¨-* -΅΄/5(!(/. µ= !% ΄=·(/. µ¨·!Α·% [35]. ,% ᾿5¨/:᾿!¨·!% ῟(%-
·:-µ%!%, -΅·21Γ+ ῟(%-!.-=Γ· 768, %᾿¨1*/=:¨·!%( -= =(῟(/6 =΅5=!25(¨ ΅Κ*·2+ %᾿6῟¨-*+
(high-performance index), 6᾿Γ+ !¨ FAISS, ᾿¨΅ ᾿%5ΑΘ=( ΄5%µµ(/2 2 ᾿%5%µ=!5(/2 %·%Σ2!*-
-* (µΑ-Γ ῟¨µ)· IVF 2 HNSW) ΄(% !%Θ:!%!* %·./!*-* %/6µ* /%( -= -)µ%!% =/%!¨·!.῟Γ·
Θ(·(.῟Γ· =΄΄5.∆Γ· [54].

ΝΕ!%· ¨ Θ52-!*+ ΟΑ!=( Α·% =5)!*µ%, %΅!6 µ=!%!5Α᾿=!%( -= =·-Γµ.!Γ-* (embedding)
µΑ-Γ !¨΅ ῾῟(¨΅ µ¨·!Α·¨΅, /%( * %·%Σ2!*-* ᾿5%΄µ%!¨᾿¨(=῾!%( µ= Μ.-* !* -΅·*µ(!¨·¨=(῟2
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4.1.3 ,=Θ·(/. ῭%5%῟=῾΄µ%!% Ρ·¨᾿¨῾*-*+

¨µ¨(6!*!% (cosine similarity) µ=!%;: !¨΅ =5Γ!2µ%!¨+ /%( !Γ· %᾿¨1*/=΅µΑ·Γ· ῟(%·΅-µ.!Γ·.
Χ ῟(%῟(/%-῾% %΅!2 =᾿(!5Α᾿=( !*· %·./!*-* ·¨µ¨·¨΄῾%+ /%( -΅µΛ¨·%῾Γ· 6Θ( µ6·¨ µ= Μ.-*
·Α;=(+-/·=(῟(., %··. %·%΄·Γ5῾Σ¨·!%+ !*· =··¨(¨·¨΄(/2 -΅·.∆=(%, ΄=΄¨·6+ (῟(%῾!=5% -*µ%·!(-
/6 ΄(% !¨ ·¨µ(/6 ·=;(·6΄(¨, 6᾿¨΅ ᾿¨··¨῾ 65¨( %᾿¨῟῾῟¨·!%( µ= ῟(%∆¨5=!(/Α+ =/∆5.-=(+. Χ
-΅΄/=/5(µΑ·* %5Θ(!=/!¨·(/2 =;*΄=῾ /%( !% %᾿¨!=·Α-µ%!% ᾿¨΅ =῾῟%µ= -!¨ 4.5 -:µ∆Γ·% µ=
!% =΅52µ%!% !¨΅ LeCaRD, * Θ52-* µ¨·!Α·Γ· µ=!%-Θ*µ%!(-!)· (transformer-based models)
µ= fine-tuning -= ·¨µ(/. ῟=῟¨µΑ·% Μ=·!῾Γ-= !¨ Recall@10 %᾿6 47% (Μ%-(/2 %·!(-!¨῾Θ(-*
·Α;=Γ·-/·=(῟()·) -= 67%, %·%῟=(/·:¨·!%+ !*· ᾿5%/!(/2 %;῾% !Γ· =;=(῟(/=΅µΑ·Γ· LLMs -!¨·
·¨µ(/6 !¨µΑ% [19]. 9΅!6 ῟=῾Θ·=( 6!( * µ=!.Λ%-* %᾿6 !(+ ᾿%5%῟¨-(%/Α+ µ=16῟¨΅+ (᾿.Θ. BM25,
TF-IDF) ᾿5¨+ legal-aware embeddings /%( advanced indexing ¨῟*΄=῾ 6Θ( µ6·¨ -= Μ=·!῾Γ-*
!*+ %/5῾Λ=(%+, %··. /%( -= ¨΅-(%-!(/2 =·῾-Θ΅-* !*+ Θ5*-!(/6!*!%+ ΄(% ᾿5%΄µ%!(/. ·¨µ(/.
use cases.

῎-!6-¨, * %·.΄/* ΄(% =5µ*·=΅-(µ6!*!% /%( ·¨µ(/2 !=/µ*5῾Γ-* ¨῟2΄*-= -!*· %·.᾿!΅;*
%5Θ(!=/!¨·(/)· !:᾿¨΅ %·./!*-*+ µ= =·(-Θ΅µΑ·* ῟*µ(¨΅5΄῾% (Retrieval-Augmented Gener-
ation, RAG). ῝!% -΅-!2µ%!% %΅!., !¨ =5)!*µ% !¨΅ Θ52-!* ¨῟*΄=῾ -= %·%Σ2!*-* -Θ=!(/)·
%᾿¨-᾿%-µ.!Γ· µΑ-Γ %·./!*-*+ Μ.-=( ῟(%·΅-µ.!Γ· (vector-based retrieval), !% ¨᾿¨῾% -!*
-΅·ΑΘ=(% ᾿%5ΑΘ¨·!%( Γ+ -΅µ∆5%Σ6µ=·% (context) -= Α·% µ=΄.·¨ ΄·Γ--(/6 µ¨·!Α·¨ (LLM),
6᾿Γ+ !¨ GPT-4 2 !¨ LLaMA 2. ,¨ ΄·Γ--(/6 µ¨·!Α·¨ ῟=· %᾿%·!. %᾿·)+ ΄=·(/., %··. Μ%-
-῾Σ=!%( -!% -΅΄/=/5(µΑ·% %·%/!*µΑ·% %᾿¨-᾿.-µ%!% ΄(% ·% ῟(%µ¨5∆)-=( !=/µ*5(ΓµΑ·=+ %-
᾿%·!2-=(+, -΅Θ·. µ= %·῾Θ·=΅-* ᾿%5%᾿¨µ᾿)· (citation tracing) ᾿5¨+ !(+ ᾿5%΄µ%!(/Α+ ᾿*΄Α+,
6᾿Γ+ =∆%5µ6Σ=!%( -!¨ LegalBench-RAG [46]. Χ ῟(%῟(/%-῾% %;(¨·¨΄=῾!%( µ= µ=!5(/Α+ 6᾿Γ+ *
%/5῾Λ=(% ᾿%5%᾿¨µ᾿)· (citation accuracy), !¨ ᾿¨-¨-!6 ᾿%5%(-12-=Γ· (hallucination rate),
/%1)+ /%( µΑ-Γ =᾿(/:5Γ-*+ µ= -΅µµ=!¨Θ2 ·¨µ(/)· (human-in-the-loop validation), 6᾿¨΅
¨( =(῟(/¨῾ =·Α΄Θ¨΅· %· !% ᾿%5%΄6µ=·% %᾿¨!=·Α-µ%!% -!*5῾Σ¨·!%( =᾿%5/)+ -= ᾿5%΄µ%!(/Α+
᾿*΄Α+ 2 ᾿=5(·%µΛ.·¨΅· =∆=΅5=µΑ·=+ ᾿·*5¨∆¨5῾=+. ῭=(5.µ%!% -= -:΄Θ5¨·% RAG -΅-!2µ%!%
(pipelines) ΑΘ¨΅· /%!%῟=῾;=( %/5῾Λ=(% ᾿%5%᾿¨µ᾿)· .·Γ !¨΅ 85% /%( ᾿¨-¨-!. ᾿%5%(-12-=-
Γ· /.!Γ !¨΅ 7% ΄(% /·%-(/. ·¨µ(/. =5Γ!2µ%!%, =·) !% ᾿¨-¨-!. -∆%·µ.!Γ· %΅;.·¨·!%( -=
=5Γ!2µ%!% µ= %-.∆=(% 2 ᾿¨··%᾿·Α+ =· ῟΅·.µ=( -Γ-!Α+ ᾿*΄Α+ [46], [55].

῭Α5%· !Γ· «᾿%5%῟¨-(%/)·» -΅-!*µ.!Γ· -*µ%-(¨·¨΄(/2+ %·%Σ2!*-*+ (semantic search
pipelines) /%( RAG, * %·.·΅-* ·¨µ(/)· =΄΄5.∆Γ· -= =᾿῾᾿=῟¨ -΅µΛ¨·%῾¨΅ %᾿%(!=῾ =;=(῟(/=΅-
µΑ·=+ !=Θ·(/Α+, 6᾿Γ+ * =;%΄Γ΄2 /%( -*µ%-(¨·¨΄(/2 =5µ*·=῾% Τ*!5)· (clause extraction),
* %·%΄·)5(-* ¨·!¨!2!Γ· (named entity recognition) /%( ¨ =·!¨᾿(-µ6+ -ΘΑ-=Γ· µ=!%;: µ=-
Τ)·, 65Γ· /%( ΅᾿¨Θ5=)-=Γ·. ῝= !Α!¨(% -=·.5(%, -΅-!2µ%!% ᾿¨΅ -΅·῟΅.Σ¨΅· %·%΄·)5(-*
¨·!¨!2!Γ·, /%!%/=5µ%!(-µ6 Τ*!5)· (clause segmentation) /%( %/¨·¨΅1(%/2 =᾿(-2µ%·-*
(sequence labeling) µΑ-Γ µ¨·!Α·Γ· 6᾿Γ+ !¨ Lawformer 2 !¨ RoBERTa-Large, %;(¨᾿¨(¨-
:· -:·¨·% ῟=῟¨µΑ·Γ· 6᾿Γ+ !¨ CUAD 2 !¨ LEDGAR, !% ¨᾿¨῾% ᾿=5(·%µΛ.·¨΅· =/%!¨·!.῟=+
Θ(·(.῟=+ Θ=(5¨/῾·*!% %·!·*µΑ·=+ /%( -Θ¨·(%-µΑ·=+ Τ2!5=+ [43], [53]. ,% %᾿¨!=·Α-µ%!% !Γ·
-΅-!*µ.!Γ· %΅!)· %;(¨·¨΄¨:·!%( !6-¨ µ= /·%-(/Α+ µ=!5(/Α+ (F1-score %·. !:᾿¨ Τ2!5%+) 6-¨
/%( µ= -:΄Θ5¨·=+ ᾿5¨-=΄΄῾-=(+ =5µ*·=΅-(µ6!*!%+ (interpretability), 6᾿Γ+ * ¨᾿!(/¨᾿¨῾*-*
!Γ· Μ%5)· ᾿5¨-¨Θ2+ (attention weights visualization) ΄(% ·% !=/µ*5()·=!%( ᾿¨(¨ -*µ=῾¨ !¨΅
-΅µΛ¨·%῾¨΅ -΅·ΑΛ%·= -!*· =;%΄Γ΄2, 2 * ᾿%5¨Θ2 Μ%1µ¨·¨΄῾%+ ·¨µ(/2+ Μ=Λ%(6!*!%+ (legal
confidence scoring) ΄(% /.1= ·¨µ(/2 ᾿56Λ·=Κ*.

῝= ᾿(¨ ᾿5¨ΘΓ5*µΑ·=+ ΅·¨᾿¨(2-=(+, 6᾿Γ+ !¨ KRAG 2 !¨ RainbowRAG, !% ᾿%5%᾿.·Γ
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0=∆.·%(¨ 4. ῭5%/!(/Α+ =∆%5µ¨΄Α+ /%( !=Θ·(/2 ΅·¨᾿¨῾*-*

-΅-!2µ%!% =·(-Θ:¨·!%( µ= !* ῟*µ(¨΅5΄῾% ΄·Γ-(%/)· ΄5%∆*µ.!Γ· (knowledge graphs) ᾿¨΅
῟¨µ¨:· !(+ ·¨µ(/Α+ -ΘΑ-=(+ µ=!%;: Τ*!5)· /%( =᾿(!5Α᾿¨΅· 6Θ( µ6·¨ !* -*µ%-(¨·¨΄(/2 %·%-
Υ2!*-*, %··. /%( !* ·¨΄(/2 %·.·΅-* !Γ· %··*·=;%5!2-=Γ· /%( !Γ· -΅µΛ%!(/)· =᾿(᾿!)-=Γ·
(RainbowRAG) [56]. Ν3!-(, Α·% ·¨µ(/6 =5)!*µ%, ᾿.Θ. «᾿¨(¨+ ΗΑ5=( !*· =΅1:·* -= ᾿=5῾᾿!Γ-*
%·Γ!Α5%+ Μ῾%+῍» ῟=· %᾿%·!.!%( µ6·¨ µ= Μ.-* !*· ᾿·*-(Α-!=5* Τ2!5%, %··. /%( µ= =;=5=-
:·*-* !Γ· -΅·῟=῟=µΑ·Γ· ¨·!¨!2!Γ· /%( !Γ· ·¨΄(/)· ῟(%῟5¨µ)· =·!6+ !¨΅ /·¨Γ·=῟΄= ΄5%᾿*.
,¨ !=·(/6 %᾿¨!Α·=-µ% -΅·῟΅.Σ=( !* -*µ%-(¨·¨΄(/2 -΅·.∆=(% (embeddings) µ= !* ·¨΄(/2
=΄/΅56!*!% ((=5.5Θ*-* Μ.-=( ΄5%∆2µ%!¨+, graph-based reranking), ᾿5¨-∆Α5¨·!%+ !6-¨ %-
/5῾Λ=(% 6-¨ /%( =5µ*·=΅-(µ6!*!% — -!¨(Θ=῾% /5῾-(µ% ΄(% !* -΅µµ65∆Γ-* µ= !¨ ῟῾/%(¨ (legal
compliance) /%( !* ῟*µ(¨΅5΄῾% audit trails.

Χ ᾿5%/!(/2 =∆%5µ¨΄2 6·Γ· !Γ· ᾿%5%᾿.·Γ %᾿%(!=῾ =5΄%·=῾% %·¨(/!¨: /)῟(/% /%( =-
µ᾿¨5(/. ᾿·%῾-(% 6᾿Γ+ !% Transformers, FAISS, Haystack, LangChain, %··. /%( -΅-!2µ%-
!% =·=5΄¨:+ µ.1*-*+ (active learning) µ= %·%!5¨∆¨῟6!*-* %᾿6 ῟(/*΄65¨΅+ (᾿.Θ. ᾿¨-¨-!6
῟(¨51)-=Γ· Θ52-!*, user correction rate, /%( /:/·¨΅+ =·=5΄¨:+ µ.1*-*+, active learn-
ing loops). Ε( ᾿5%΄µ%!(/Α+ ΅·¨᾿¨(2-=(+ -= =!%(5=῾=+ legal tech, 6᾿Γ+ * Luminance /%(
* Kira Systems, =·-Γµ%!)·¨΅· ¨᾿!(/¨᾿¨῾*-* !Γ· %᾿¨!=·=-µ.!Γ· =;%΄Γ΄2+ (visualization
of extraction results), Μ%1µ¨·6΄*-* Μ=Λ%(6!*!%+ (confidence scoring) /%( ῟(%῟5%-!(/2 =᾿(-
/:5Γ-* %᾿6 ·¨µ(/¨:+ (interactive validation), =᾿(!5Α᾿¨·!%+ -΅·=Θ2 Μ=·!῾Γ-* !Γ· µ¨·!Α·Γ·
/%( Α·=΄Θ¨ !*+ ᾿¨(6!*!%+ -= ᾿5%΄µ%!(/6 Θ56·¨ [55].

,Α·¨+, %;῾Σ=( ·% -*µ=(Γ1=῾ 6!( * %;(¨·6΄*-* !*+ %᾿6῟¨-*+ !Α!¨(Γ· !=Θ·¨·¨΄(/)· ·:-=-
Γ· ῟=· Μ%-῾Σ=!%( %᾿¨/·=(-!(/. -= !=Θ·(/Α+ µ=!5(/Α+, %··. /%( -!* ·=(!¨΅5΄(/6!*!% =·!6+
᾿5%΄µ%!(/)· ·¨µ(/)· Τ¨)· =5΄%-῾%+ (legal workflows), 6᾿Γ+ !¨ ᾿6-% -∆.·µ%!% %᾿%(!¨:·
῟(651Γ-* %᾿6 !¨· !=·(/6 Θ52-!*, * =;¨(/¨·6µ*-* Θ56·¨΅ -= ῟(%῟(/%-῾=+ =·Α΄Θ¨΅ (review
procedures) /%( * -΅µΛ¨·2 -!*· %·῾Θ·=΅-* /(·῟:·Γ· -΅µµ65∆Γ-*+ (compliance risk de-
tection). Ν35=΅·=+ -= ΅Λ5(῟(/. -΅-!2µ%!% =;%΄Γ΄2+ Τ*!5)· Α῟=(;%· µ=῾Γ-* !¨΅ Θ56·¨΅ %·%-
Ο=)5*-*+ /%!. 60% /%( %:;*-* !*+ %·./·*-*+ ΄(% /5῾-(µ¨΅+ /(·῟:·¨΅+ (recall in critical
risks) ᾿.·Γ %᾿6 90% 6!%· -΅·῟΅.Σ¨·!%( LLMs µ= %·%!5¨∆¨῟6!*-* %·15)᾿(·¨΅ ᾿%5.΄¨·!%
(human-in-the-loop feedback) [43], [55].

῝΅·¨·(/., * !=Θ·(/2 ΅·¨᾿¨῾*-* !Γ· -΅-!*µ.!Γ· %·./!*-*+ /%( %·.·΅-*+ ·¨µ(/2+ ᾿·*-
Τ¨∆¨5῾%+ -΅·(-!. Α·% ῟(%5/)+ =;=·(--6µ=·¨ =᾿(-!*µ¨·(/6 /%( µ*Θ%·(/6 ᾿=῟῾¨, µ= !*· Αµ-
Η%-* ·% µ=!%!¨᾿῾Σ=!%( ᾿·Α¨· -!* -΅·῟΅%-!(/2 Θ52-* -*µ%-(¨·¨΄(/2+ %·./!*-*+ (semantic
retrieval), =᾿=;*΄2-(µΓ· -΅-!*µ.!Γ· RAG (explainable RAG), -΅··¨΄(-!(/2+ µ= ΄5%∆2µ%!%
(graph-based reasoning) /%( ᾿5%/!(/)· %;(¨·6΄*-*+ ᾿¨΅ ;=᾿=5·¨:· !(+ %᾿·Α+ µ=!52-=(+
%/5῾Λ=(%+/%·./·*-*+ (precision/recall), )-!= ·% =;%-∆%·῾Σ=!%( ᾿5%΄µ%!(/2 %;(¨᾿(-!῾% /%(
!=/µ*5(ΓµΑ·* Θ52-* -!* ·¨µ(/2 ᾿5.;*.

4.2 8+/0῝΄( Β῝µΑ50·΅*+ 3·2 !¨-Θ-%.·΄΅· ᾿5µ234+ !..%/Π*+

Χ %·.·΅-* -΅µΛ¨·%῾Γ· /%( * %΅!¨µ%!¨᾿¨(*µΑ·* =᾿=;=5΄%-῾% ·¨µ(/)· =΄΄5.∆Γ· %᾿¨-
!=·¨:· /5῾-(µ=+ !=Θ·¨·¨΄(/Α+ /%(·¨!¨µ῾=+ -!* -:΄Θ5¨·* ·¨µ(/2 =᾿(-!2µ*, /%1)+ ῟(=΅/¨-
·:·¨΅· ῟5%-!(/. !¨· =·!¨᾿(-µ6, !*· %;(¨·6΄*-* /%( !* ῟(%Θ=῾5(-* -΅µΛ%!(/)· /(·῟:·Γ· /%(
΅᾿¨Θ5=)-=Γ·. 4= !*· !%Θ=῾% ᾿56¨῟¨ !Γ· -΅-!*µ.!Γ· !=Θ·*!2+ ·¨*µ¨-:·*+ /%( =(῟(/6!=5%
!Γ· 4=΄.·Γ· Β·Γ--(/)· 4¨·!Α·Γ· (LLMs), %·%῟:¨·!%( ·Α% =5΄%·=῾% ᾿¨΅ %΅!¨µ%!¨᾿¨(¨:·
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4.2.1 9΅!¨µ%!¨᾿¨(*µΑ·* 9;(¨·6΄*-* ῝΅µΛ.-=Γ·

῟(%῟(/%-῾=+ 6᾿Γ+ * /%!*΄¨5(¨᾿¨῾*-* ·¨µ(/)· =΄΄5.∆Γ·, * =;%΄Γ΄2 /5῾-(µΓ· Τ*!5)·, *
%·῾Θ·=΅-* µ*--΅µµ¨5∆)-=Γ· (non-compliance), /%1)+ /%( * %;(¨·6΄*-* !*+ %᾿¨!=·=-µ%-
!(/6!*!%+ !Γ· ·¨µ(/)· =΄΄5.∆Γ·. Ε( =;=·῾;=(+ %΅!Α+ 6Θ( µ6·¨ %΅;.·¨΅· !*· !%Θ:!*!% /%( !*·
%/5῾Λ=(% !*+ ·¨µ(/2+ =5΄%-῾%+, %··. =᾿(!5Α᾿¨΅· /%( !* ῟(=῾-῟΅-* !*+ !=Θ·*!2+ ·¨*µ¨-:·*+
-= !¨µ=῾+ 6᾿Γ+ * -΅µΛ¨΅·=΅!(/2, * ·¨µ(/2 !=/µ*5῾Γ-* /%( * ᾿56·*Κ* Τ῾-/¨΅.

῝!¨ ᾿·%῾-(¨ %΅!6, * !5ΑΘ¨΅-% Μ(Λ·(¨΄5%∆῾% /%( * Μ(¨µ*Θ%·(/2 ᾿5%/!(/2 =-!(.Σ¨΅· -=
!5=(+ Μ%-(/¨:+ .;¨·=+ :

(%) -!*· %΅!¨µ%!¨᾿¨(*µΑ·* %;(¨·6΄*-* /%( =5µ*·=῾% -΅µΛ.-=Γ· (automated contract
review)

(Μ) -!*· /%!*΄¨5(¨᾿¨῾*-* /%( =;%΄Γ΄2 ᾿·*5¨∆¨5῾%+ %᾿6 ·¨µ(/. Α΄΄5%∆% (document
classification and information extraction),

(΄) -!*· %;(¨·6΄*-* !*+ %᾿6῟¨-*+ !Γ· -΅-!*µ.!Γ· %΅!)· (performance evaluation),
!6-¨ -= =5=΅·*!(/6 6-¨ /%( -= ᾿5%/!(/6 =᾿῾᾿=῟¨.

῝!(+ ΅᾿¨=·6!*!=+ ᾿¨΅ %/¨·¨΅1¨:·, ᾿%5¨΅-(.Σ¨·!%( ¨( /΅5(6!=5=+ µ=1¨῟¨·¨΄῾=+, !=Θ·(/Α+
%5Θ(!=/!¨·(/Α+ /%( -:΄Θ5¨·% -΅-!2µ%!% ᾿¨΅ =∆%5µ6Σ¨·!%( -!*· %·.·΅-* -΅µΛ¨·%῾Γ· /%(
!*· %΅!¨µ%!¨᾿¨(*µΑ·* ·¨µ(/2 !=/µ*5῾Γ-*, µ= %·%∆¨5. -= ᾿56-∆%!% ᾿56!΅᾿% %;(¨·6΄*-*+
(benchmarks), -:·¨·% ῟=῟¨µΑ·Γ· (datasets) /%( µ=!5(/Α+ %;(¨·6΄*-*+ (evaluation metrics),
Μ%-(Σ6µ=·¨( -!*· ᾿·Α¨· Α΄/΅5* Μ(Λ·(¨΄5%∆῾% !¨΅ Θ)5¨΅.

4.2.1 8῝)5µ·)5¨52(µ6+( 8Θ250Μ.(΄( Β῝µΑ/΄-*+

Χ %΅!¨µ%!¨᾿¨(*µΑ·* %;(¨·6΄*-* -΅µΛ.-=Γ· (automated contract review) %᾿¨!=·=῾ Α·%·
%᾿6 !¨΅+ ᾿·Α¨· %·%᾿!΅--6µ=·¨΅+ !¨µ=῾+ !*+ !=Θ·¨·¨΄(/2+ /%(·¨!¨µ῾%+ -!* ·¨µ(/2 ᾿5%/!(-
/2. Χ ᾿%5%῟¨-(%/2 ῟(%῟(/%-῾% %·.·΅-*+ /%( =·Α΄Θ¨΅ -΅µΛ¨·%῾Γ· =῾·%( (῟(%῾!=5% %᾿%(-
!*!(/2 -= Θ56·¨ /%( %·15)᾿(·¨ ῟΅·%µ(/6, /%1)+ %᾿%(!=῾ -Θ¨·%-!(/2 =᾿(-/6᾿*-* µ=΄.·Γ·
/%( ᾿¨·:᾿·¨/Γ· /=(µΑ·Γ·, =·!¨᾿(-µ6 /5῾-(µΓ· Τ*!5)· /%( %;(¨·6΄*-* !Γ· -΅µΛ%!(/)· /(·-
῟:·Γ·. Χ Θ52-* ᾿5¨*΄µΑ·Γ· -΅-!*µ.!Γ· !=Θ·*!2+ ·¨*µ¨-:·*+, /%( =(῟(/6!=5% !Γ· 4=-
΄.·Γ· Β·Γ--(/)· 4¨·!Α·Γ·, ΑΘ=( !* ῟΅·%!6!*!% ·% %΅!¨µ%!¨᾿¨(2-=( -= µ=΄.·¨ Μ%1µ6 !*
῟(%῟(/%-῾% %΅!2, Μ=·!()·¨·!%+ -*µ%·!(/. !6-¨ !*· %/5῾Λ=(% 6-¨ /%( !*· %᾿¨῟¨!(/6!*!% !*+
%;(¨·6΄*-*+ -΅µΛ¨·%῾Γ·.

Χ Μ%-(/2 µΑ1¨῟¨+ %΅!¨µ%!¨᾿¨(*µΑ·*+ %;(¨·6΄*-*+ -΅µΛ¨·%῾Γ· -!*5῾Σ=!%( -!* Θ52-*
%·΄¨5῾1µΓ· =᾿=;=5΄%-῾%+ Η΅-(/2+ ΄·)--%+ (Natural Language Processing, NLP) /%( =(῟(-
/6!=5% Μ%1()· ·=΅5Γ·(/)· µ¨·!Α·Γ· (deep learning models), 6᾿Γ+ !% µ¨·!Α·% µ=!%-Θ*µ%-
!(-!)· µ=΄.·Γ· ΄·Γ--(/)· µ¨·!Α·Γ· (transformer-based LLMs) — ᾿.Θ. LegalBERT, Law-
former, GPT-4 [35]. 9΅!. !% µ¨·!Α·% =/᾿%(῟=:¨·!%( 2 ᾿5¨-%5µ6Σ¨·!%( (fine-tuned) -=
=;=(῟(/=΅µΑ·% -)µ%!% /=(µΑ·Γ· ᾿¨΅ %᾿¨!=·¨:·!%( %᾿¨/·=(-!(/. %᾿6 -΅µΛ%!(/Α+ Τ2!5=+ /%(
·¨µ(/2 ¨5¨·¨΄῾%, µ= -!6Θ¨ !*· %/5(Λ2 /%!%·6*-* /%( =5µ*·=῾% !Γ· ᾿=5(=Θ¨µΑ·Γ· !¨΅+ [54].

,% -΅µΛ6·%(% %5Θ(/. ῟(%ΘΓ5῾Σ¨·!%( -= Ο=µ%!(/Α+ Τ2!5=+ (clauses segmentation), 6᾿Γ+
«Τ2!5% /%!%΄΄=·῾%+», «Τ2!5% =΅1:·*+», «Τ2!5% %·Γ!Α5%+ Μ῾%+» /..., /%( -!* -΅·ΑΘ=(% %-
·%·:¨·!%( ΄(% !*· =;%΄Γ΄2 -΅΄/=/5(µΑ·Γ· ¨·!¨!2!Γ· /%( ᾿·*5¨∆¨5()· µΑ-Γ %·%΄·)5(-*+
¨·!¨!2!Γ· (Named Entity Recognition, NER) [35], [4], [54]. Χ Θ52-* µ¨·!Α·Γ· Μ%-(-µΑ·Γ·
-= µ=!%-Θ*µ%!(-!Α+ (transformer-based models) 6᾿Γ+ !¨ LegalBERT 2 !¨ Lawformer =᾿(-
!5Α᾿=( !*· /%·:!=5* /%!%·6*-* !*+ (῟(%῾!=5*+ ·¨µ(/2+ Η5%-=¨·¨΄῾%+, /%1)+ %΅!. !% µ¨-
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·!Α·% ΑΘ¨΅· =/᾿%(῟=΅!=῾ =(῟(/. -= =/!=·2 -)µ%!% ·¨µ(/)· =΄΄5.∆Γ·, =᾿(!΅΄Θ.·¨·!%+ ΅Κ*·2
-*µ%-(¨·¨΄(/2 %/5῾Λ=(% [35].

Χ %5Θ(!=/!¨·(/2 9·./!*-*+-3·(-Θ΅µΑ·*+ ῭%5%΄Γ΄2+ (Retrieval-Augmented Genera-
tion – RAG) ΑΘ=( ᾿56-∆%!% %·%῟=(Θ1=῾ Γ+ µ῾% %᾿6 !(+ ᾿(¨ ΅᾿¨-Θ6µ=·=+ ᾿5¨-=΄΄῾-=(+ ΄(%
!*· %΅!¨µ%!¨᾿¨(*µΑ·* %·.·΅-* -΅µΛ¨·%῾Γ·. ,% -΅-!2µ%!% RAG %;(¨᾿¨(¨:· !* -*µ%-(¨·¨-
΄(/2 %·%Σ2!*-* (semantic search) /%( !*· ᾿%5%΄Γ΄(/2 (/%·6!*!% !Γ· µ=΄.·Γ· ΄·Γ--(/)·
µ¨·!Α·Γ· (LLMs) ΄(% !*· ᾿%5¨Θ2 %/5(Λ)· /%( !=/µ*5(ΓµΑ·Γ· %᾿%·!2-=Γ· -= =5Γ!2µ%!%
-Θ=!(/. µ= -΅µΛ%!(/. Α΄΄5%∆%.

Ν3·% Θ%5%/!*5(-!(/6 ᾿%5.῟=(΄µ% Θ52-*+ !*+ %5Θ(!=/!¨·(/2+ RAG =῾·%( * =∆%5µ¨΄2
Contract Law using RAG, * ¨᾿¨῾% =᾿(!5Α᾿=( !* ῟΅·%µ(/2 %·.·΅-* -΅µΛ%!(/)· Τ*!5)·, =-
·!¨᾿῾Σ¨·!%+ ᾿(1%·¨:+ -΅µΛ%!(/¨:+ /(·῟:·¨΅+ 2 -*µ=῾% µ* -΅µµ65∆Γ-*+ µΑ-Γ ῟(%῟5%-!(/)·
=5Γ!*µ.!Γ· [4]. ,¨ pipeline !*+ %5Θ(!=/!¨·(/2+ %΅!2+ ᾿=5(·%µΛ.·=( :

• 4=!%!5¨᾿2 !Γ· -΅µΛ¨·%῾Γ· -= ῟(%·΅-µ%!(/Α+ %·%᾿%5%-!.-=(+ (vector embeddings)
µΑ-Γ =;=(῟(/=΅µΑ·Γ· µ¨·!Α·Γ· (᾿.Θ. LegalBERT).

• 9᾿¨12/=΅-* !Γ· =·-Γµ%!)-=Γ· (embeddings) -= =;=(῟(/=΅µΑ·=+ Μ.-=(+ ῟=῟¨µΑ·Γ·
(FAISS, Weaviate) ΄(% !%Θ=῾% %·./!*-*.

• Ζ52-* µ=΄.·¨΅ ΄·Γ--(/¨: µ¨·!Α·¨΅ (LLM) ΄(% ᾿%5%΄Γ΄2 %᾿%·!2-=Γ· ᾿¨΅ !=/µ*5(-
)·¨·!%( %᾿6 !(+ %·%/!*µΑ·=+ ᾿·*5¨∆¨5῾=+.

Χ -΅·¨·(/2 ῟(%῟(/%-῾% %᾿=(/¨·῾Σ=!%( -!¨ ῝Θ2µ% 4.4, 6᾿¨΅ ᾿%5¨΅-(.Σ=!%( !¨ ᾿·25=+ pipeline
µ(%+ =∆%5µ¨΄2+ RAG ΄(% %·.·΅-* ·¨µ(/)· =΄΄5.∆Γ·. ,¨ pipeline %΅!6 ᾿=5(·%µΛ.·=( µ=-
!%!5¨᾿2 !Γ· ᾿*΄)· -= ῟(%·΅-µ%!(/Α+ %·%᾿%5%-!.-=(+, %᾿¨12/=΅-* /%( %·./!*-* -Θ=!(/)·
%᾿¨-᾿%-µ.!Γ· %᾿6 Μ.-* ῟=῟¨µΑ·Γ· ῟(%·΅-µ.!Γ·, /%( !=·(/2 ᾿%5%΄Γ΄2 %᾿.·!*-*+ µΑ-Γ
LLM. 8῟(%῾!=5% -*µ%·!(/6 =῾·%( 6!( * %5Θ(!=/!¨·(/2 =·-Γµ%!)·=( -!.῟(% =·Α΄Θ¨΅ -΅·.∆=(%+
(relevance check) /%( Μ=·!(-!¨᾿¨῾*-*+ =5Γ!2µ%!¨+ (query refinement), ῟(%-∆%·῾Σ¨·!%+ 6!(
¨( %·%/!*µΑ·=+ ᾿·*5¨∆¨5῾=+ =῾·%( ¨΅-(%-!(/. -Θ=!(/Α+ µ= !¨ =5)!*µ% !¨΅ Θ52-!*, ΄=΄¨·6+
᾿¨΅ µ=()·=( !% ᾿¨-¨-!. ᾿%5%῾-1*-*+ /%( %΅;.·=( !*· %/5῾Λ=(% !Γ· %᾿%·!2-=Γ· [4].

῝Θ2µ% 4.4: 4%᾿6*5/*΅-6/( ),)*(µ·*΅0 RAG ῭6· ·-Α8,)+ -΅µ6/Ε- 5῭῭%Α΄2- /·6 ),µΚ΅8·.2-.
Ι΅ pipeline 5-)2µ·*Ε-56 ῾6·῾6/·).50 58῟῭᾿΅, ),-Α΄56·0 (Relevance Check) /·6 Φ58*6)*΅¨΅-
.+)+0 5%2*(µ·*΅0 (Query Refinement), 5-6)᾿Γ΅-*·0 *+- ·/%.Κ56· /·6 *+ ῾6·΄Α-56· *2- ·¨·-
-*()52- [4].
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Χ %;(¨·6΄*-* !*+ %᾿¨!=·=-µ%!(/6!*!%+ !Γ· -΅-!*µ.!Γ· %·.·΅-*+ -΅µΛ¨·%῾Γ· ᾿5%΄µ%-
!¨᾿¨(=῾!%( -΅·21Γ+ µ= !* Θ52-* =;=(῟(/=΅µΑ·Γ· datasets /%( benchmarking frameworks.
,% ᾿·Α¨· %·%΄·Γ5(-µΑ·% -:·¨·% ῟=῟¨µΑ·Γ· ᾿=5(·%µΛ.·¨΅· !¨ CUAD (Contract Under-
standing Atticus Dataset), !¨ LexGLUE, /%( !¨ LEDGAR, !% ¨᾿¨῾% ᾿%5ΑΘ¨΅· annotated
῟=῟¨µΑ·% ΄(% tasks 6᾿Γ+ * %·%΄·)5(-* -΅΄/=/5(µΑ·Γ· Τ*!5)·, * %·῾Θ·=΅-* -΅µΛ%!(/)·
΅᾿¨Θ5=)-=Γ· /%( ¨ =·!¨᾿(-µ6+ ·¨µ(/)· /(·῟:·Γ· [43], [3].

῝΅΄/=/5(µΑ·%, !¨ dataset CUAD, !¨ ¨᾿¨῾¨ %᾿¨!=·=῾!%( %᾿6 -΅µΛ6·%(% µ= annotated
/5῾-(µ=+ Τ2!5=+, Θ5*-(µ¨᾿¨(=῾!%( =/!=·)+ Γ+ ᾿56!΅᾿¨ ΄(% !*· %;(¨·6΄*-* !*+ %᾿6῟¨-*+ !Γ·
-΅-!*µ.!Γ· extraction /%( classification -΅µΛ%!(/)· Τ*!5)·. 4=!5(/Α+ 6᾿Γ+ * %/5῾Λ=(%
(precision), * %·./·*-* (recall), !¨ F1-score, %··. /%( * %/5῾Λ=(% ᾿%5%᾿¨µ᾿)· (citation
accuracy) Θ5*-(µ¨᾿¨(¨:·!%( ΄(% !* -΅΄/5(!(/2 %;(¨·6΄*-* !*+ %᾿6῟¨-*+ !Γ· µ¨·!Α·Γ· %΅-
!)· [3], [55].

Χ ᾿5%/!(/2 =∆%5µ¨΄2 !Γ· µ=16῟Γ· %΅!¨µ%!¨᾿¨(*µΑ·*+ %;(¨·6΄*-*+ -΅µΛ¨·%῾Γ· ΑΘ=(
2῟* %5Θ῾-=( ·% ῟(=(-῟:=( -= Μ(¨µ*Θ%·(/¨:+ /·.῟¨΅+ µΑ-Γ =5΄%·=῾Γ· 6᾿Γ+ !¨ Kira Systems,
!¨ Luminance, /%( !¨ Ironclad ᾿¨΅ %;(¨᾿¨(¨:· !=Θ·¨·¨΄῾=+ Μ%1(.+ µ*Θ%·(/2+ µ.1*-*+ ΄(%
!*· %΅!¨µ%!¨᾿¨῾*-* ῟(%῟(/%-()· due diligence, compliance /%( ῟(%Θ=῾5(-*+ -΅µΛ%!(/)·
/(·῟:·Γ· [55].

Ν3·% Θ%5%/!*5(-!(/6 ᾿%5.῟=(΄µ% %᾿¨!=·=῾ * Θ52-* !¨΅ Luminance %᾿6 µ=΄.·=+ ῟(/*-
΄¨5(/Α+ =!%(5=῾=+, 6᾿¨΅ ¨( %΅!¨µ%!¨᾿¨(*µΑ·=+ %·%·:-=(+ -΅µΛ¨·%῾Γ· =᾿(!5Α᾿¨΅· !* ΄52΄¨5*
=᾿(-/6᾿*-* =/%!¨·!.῟Γ· -=·῾῟Γ· -΅µΛ%!(/¨: /=(µΑ·¨΅ -= =·.Θ(-!¨ Θ56·¨, µ= %/5῾Λ=(% ᾿¨΅
᾿·*-(.Σ=( 2 ΅᾿=5Λ%῾·=( !(+ =᾿(῟6-=(+ Αµ᾿=(5Γ· ῟(/*΄65Γ·. ῝΅΄/5(!(/Α+ µ=·Α!=+ ΑΘ¨΅· ῟=῾;=(
6!( !Α!¨(% -΅-!2µ%!% µ᾿¨5¨:· ·% µ=()-¨΅· !¨· %᾿%(!¨:µ=·¨ Θ56·¨ %·%1=)5*-*+ -΅µΛ¨·%-
῾Γ· ΑΓ+ /%( 70% /%( ·% %΅;2-¨΅· !*· %/5῾Λ=(% %·%΄·)5(-*+ /5῾-(µΓ· -΅µΛ%!(/)· 65Γ· -=
-ΘΑ-* µ= µ%·΅%· %·%·:-=(+ [54].

Χ %΅!¨µ%!¨᾿¨(*µΑ·* %;(¨·6΄*-* -΅µΛ¨·%῾Γ· µΑ-Γ ᾿5¨*΄µΑ·Γ· NLP /%( LLM %5Θ(-
!=/!¨·(/)· ΑΘ=( %᾿¨῟=(Θ1=῾ %᾿¨!=·=-µ%!(/2 -= !=Θ·(/6 =᾿῾᾿=῟¨. ῎-!6-¨, ᾿%5%µΑ·¨΅· ᾿5¨-
/·2-=(+ 6᾿Γ+ * =;%-∆.·(-* %᾿6·΅!*+ ῟(%∆.·=(%+, * ῟΅·%!6!*!% %(!(¨·6΄*-*+ !Γ· ᾿%5%΄6µ=-
·Γ· %᾿¨!=·=-µ.!Γ· (explainability), /%( * %·.΄/* ΄(% -΅·=Θ2 =·*µΑ5Γ-* /%( ᾿5¨-%5µ¨΄2
!Γ· µ¨·!Α·Γ· -!(+ =;=·῾;=(+ !¨΅ ·¨µ(/¨: ·6΄¨΅.

Χ ᾿=5%(!Α5Γ %·.᾿!΅;* !Γ· !=Θ·¨·¨΄()· %΅!)· %᾿%(!=῾ !* -!=·2 -΅·=5΄%-῾% !=Θ·(/)· /%(
·¨µ(/)· =µ᾿=(5¨΄·Γµ6·Γ· ΄(% !*· ᾿5¨-%5µ¨΄2 !Γ· =5΄%·=῾Γ· -!(+ =(῟(/Α+ %᾿%(!2-=(+ /.1=
Α··¨µ*+ !.;*+ /%( !*· /%1(Α5Γ-* !΅᾿¨᾿¨(*µΑ·Γ· /%( ῟(%∆%·)· ῟(%῟(/%-()· %;(¨·6΄*-*+
!*+ %᾿6῟¨-*+ /%( !Γ· %᾿¨!=·=-µ.!Γ·.

Χ /%!*΄¨5(¨᾿¨῾*-* ·¨µ(/)· =΄΄5.∆Γ· (document classification) /%( * =;%΄Γ΄2 ᾿·*-
Τ¨∆¨5῾%+ (information extraction) %᾿¨!=·¨:· Ο=µ=·()῟=(+ ·=(!¨΅5΄῾=+ -!* -:΄Θ5¨·* ·¨µ(/2
᾿·*5¨∆¨5(/2. Ε( !=Θ·¨·¨΄῾=+ %΅!Α+ =᾿(!5Α᾿¨΅· !¨· %΅!6µ%!¨ Θ%5%/!*5(-µ6 µ=΄.·¨΅ 6΄/¨΅
·¨µ(/)· /=(µΑ·Γ·, 6᾿Γ+ %᾿¨∆.-=(+, -΅µΛ6·%(%, ῟(%!.;=(+, /%1)+ /%( !*· .·!·*-* /5῾-(µΓ·
᾿·*5¨∆¨5()· /%( ·¨µ(/)· ¨·!¨!2!Γ·, ῟(=΅/¨·:·¨·!%+ ¨΅-(%-!(/. !*· %·.·΅-*, !*· %5Θ=(¨-
ΟΑ!*-* /%( !* ·2Κ* !=/µ*5(ΓµΑ·Γ· %᾿¨∆.-=Γ·.

῝!¨ ᾿=῟῾¨ !*+ /%!*΄¨5(¨᾿¨῾*-*+ =΄΄5.∆Γ·, ¨( ᾿5)!=+ ᾿5¨-=΄΄῾-=(+ Μ%-῾Σ¨·!%· -= ᾿%5%-
῟¨-(%/Α+ µ=16῟¨΅+ µ*Θ%·(/2+ µ.1*-*+, 6᾿Γ+ Support Vector Machines (SVMs), Random
Forests /%( bag-of-words, ᾿¨΅ 6µΓ+ %῟΅·%!¨:· ·% %᾿¨῟)-¨΅· !* -*µ%-(¨·¨΄(/2 ᾿¨·΅᾿·¨-
/6!*!% /%( !% (῟(%῾!=5% Θ%5%/!*5(-!(/. !*+ ·¨µ(/2+ ΄·)--%+ [3], [4]. 4= !*· =(-%΄Γ΄2 !Γ·
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4=΄.·Γ· Β·Γ--(/)· 4¨·!Α·Γ· /%( !Γ· !=Θ·(/)· µ=!%-Θ*µ%!(-!)· (transformers), * %/5῾Λ=(%
/%( * -*µ%-(¨·¨΄(/2 ᾿·*56!*!% !Γ· %᾿¨!=·=-µ.!Γ· %΅;21*/= ῟5%-!(/..

3;=(῟(/=΅µΑ·% µ¨·!Α·%, 6᾿Γ+ !¨ LegalBERT, !¨ Lawformer /%( !¨ LegalSearchLM, =/-
᾿%(῟=:¨·!%( -= µ=΄.·=+ -΅··¨΄Α+ ·¨µ(/)· /=(µΑ·Γ· /%( /%!%∆Α5·¨΅· ·% -΅··.Λ¨΅· !* Ο=-
µ%!(/2, !* ῟¨µ2 /%( !*· ¨5¨·¨΄῾% /.1= =΄΄5.∆¨΅. ῝= ᾿5%/!(/6 =᾿῾᾿=῟¨, !¨ ᾿56Λ·*µ% /%-
!*΄¨5(¨᾿¨῾*-*+ µ᾿¨5=῾ ·% ΅·¨᾿¨(*1=῾ =῾!= Γ+ %᾿·2 !%;(·6µ*-* (᾿.Θ. -΅µΛ6·%(¨, %᾿6∆%-*,
΄·Γµ¨῟6!*-*) =῾!= Γ+ ᾿¨·΅/%!*΄¨5(/2 !%;(·6µ*-*, 6᾿¨΅ !% Α΄΄5%∆% µ᾿¨5¨:· ·% %·2/¨΅·
!%΅!6Θ5¨·% -= ᾿¨··%᾿·Α+ ·¨µ(/Α+ /%!*΄¨5῾=+ (multi-label classification) [4], [55].

,¨ LexGLUE benchmark -΅΄/=·!5)·=( ῟(.∆¨5% tasks /%!*΄¨5(¨᾿¨῾*-*+ ΄(% ῟(%∆¨5=!(-
/. =῾῟* ·¨µ(/)· =΄΄5.∆Γ·, =᾿(!5Α᾿¨·!%+ !* -΅΄/5(!(/2 %;(¨·6΄*-* ῟(%∆¨5=!(/)· µ¨·!Α·Γ·
-= ᾿5%/!(/Α+ -΅·12/=+ [3]. Β(% ᾿%5.῟=(΄µ%, -= tasks ᾿56Λ·=Κ*+ =∆=!=(%/2+ %᾿6∆%-*+, !¨
LegalBERT ᾿Α!΅Θ= -*µ%·!(/. ΅Κ*·6!=5* %/5῾Λ=(% %᾿6 ᾿%5%῟¨-(%/. baseline µ¨·!Α·%, µ=
F1-scores ᾿¨΅ %΄΄῾Σ¨΅· !¨ 82% [4].

Χ =;%΄Γ΄2 ᾿·*5¨∆¨5῾%+ ᾿=5(·%µΛ.·=( Α·% Η.-µ% !=Θ·(/)· : %᾿6 !*· %·%΄·)5(-* ¨·!¨-
!2!Γ· (Named Entity Recognition – NER), 6᾿Γ+ ᾿56-Γ᾿%, ·¨µ(/Α+ ¨·!6!*!=+, *µ=5¨µ*·῾=+
/%( !¨᾿¨1=-῾=+, µΑΘ5( !*· =;%΄Γ΄2 -΅΄/=/5(µΑ·Γ· Τ*!5)· %᾿6 -΅µΛ6·%(% (contract clause
extraction) 2 !* ῟¨µ(/2 %·.·΅-* %᾿¨∆.-=Γ· (decision structure extraction) [35], [4], [55],
[54].

,% -:΄Θ5¨·% -΅-!2µ%!% =᾿=;=5΄%-῾%+ (pipelines) Μ%-῾Σ¨·!%( -= µ¨·!Α·% µ=!%-Θ*µ%-
!(-!)· (transformers) ᾿¨΅ ΅·¨᾿¨(¨:· %/¨·¨΅1(%/2 =᾿(-2µ%·-* (sequence labeling), !%;(-
·6µ*-* !¨/=·+ (token classification) /%( =;%΄Γ΄2 -ΘΑ-=Γ· (relation extraction), µ= (῟(%῾!=5*
Αµ∆%-* -!* -*µ%-(¨·¨΄(/2 ¨516!*!% !Γ· =;%΄6µ=·Γ· -!¨(Θ=῾Γ·. ῭·%῾-(% 6᾿Γ+ !¨ CUAD
/%( !¨ LEDGAR ΑΘ¨΅· /%1(=5Γ1=῾ Γ+ ᾿56!΅᾿% ΄(% !*· %;(¨·6΄*-* -΅-!*µ.!Γ· =;%΄Γ΄2+
Τ*!5)· (clause extraction). ,¨ CUAD, ΄(% ᾿%5.῟=(΄µ%, ᾿=5(·%µΛ.·=( -΅µΛ6·%(% µ= ᾿.·Γ
%᾿6 13.000 ·¨µ(/Α+ Τ2!5=+, =᾿(-*µ%-µΑ·=+ %᾿6 Αµ᾿=(5¨΅+ ·¨µ(/¨:+, =·) !¨ LEDGAR ᾿5¨-
-∆Α5=( =/!=·Α+ -)µ% ῟=῟¨µΑ·Γ· µ= =᾿(-*µ%-µΑ·=+ -΅µΛ%!(/Α+ ῟(%!.;=(+ (annotated con-
tractual provisions) [43], [3].

Χ %;(¨·6΄*-* !Γ· -΅-!*µ.!Γ· =;%΄Γ΄2+ ᾿·*5¨∆¨5῾%+ ΄῾·=!%( µ= Θ52-* µ=!5(/)· 6᾿Γ+
* %/5῾Λ=(% (precision), * %·./·*-* (recall) /%( !¨ F1-score, µ= -!6Θ¨ !* µΑ΄(-!* =;(-¨5-
Τ6᾿*-* µ=!%;: Κ=΅῟)+ Ο=!(/)· /%( Κ=΅῟)+ %5·*!(/)· =;%΄Γ΄)·. ῝:΄Θ5¨·=+ ᾿5¨-=΄΄῾-=(+
%;(¨᾿¨(¨:· =᾿῾-*+ µ*Θ%·(-µ¨:+ ᾿5¨-¨Θ2+ (attention mechanisms) ΄(% !*· =5µ*·=΅-(µ6!*-
!% (explainability) !Γ· %᾿¨!=·=-µ.!Γ· /%( !* ῟΅·%!6!*!% %·῾Θ·=΅-*+ ᾿%5%᾿¨µ᾿)· (citation
tracing), =(῟(/. -= ᾿=5(Λ.··¨·!% RAG [4], [46].

Ν3·% (῟(%῾!=5¨ ᾿56Λ·*µ% -!*· =;%΄Γ΄2 ᾿·*5¨∆¨5῾%+ %᾿6 ·¨µ(/. Α΄΄5%∆% =῾·%( * ᾿¨·΅-
΄·Γ--(/6!*!% /%( * =∆%5µ¨΄2 -= ῟(/%(Π/. -΅-!2µ%!% Θ%µ*·)· ᾿65Γ· (low-resource legal
systems). ,% ᾿=5(--6!=5% =;=·(΄µΑ·% µ¨·!Α·% (state-of-the-art models) =/᾿%(῟=:¨·!%( /΅-
Τ῾Γ+ -= %΄΄·(/. 2 /(·=Σ(/. -)µ%!% /=(µΑ·Γ· (corpora), ᾿=5(¨5῾Σ¨·!%+ !*· %᾿6῟¨-2 !¨΅+ -=
Θ)5=+ 6᾿Γ+ * 3··.῟% 2 * ῭¨5!¨΄%·῾% [4]. Ε( -:΄Θ5¨·=+ =5=΅·*!(/Α+ ᾿5¨-᾿.1=(=+ =-!(.Σ¨΅·
-!*· ᾿5¨-%5µ¨΄2 ᾿¨·΅΄·Γ--(/)· µ=!%-Θ*µ%!(-!)· (fine-tuning multilingual transformers,
᾿.Θ. mBERT, XLM-R), -!*· =·῾-Θ΅-* ῟=῟¨µΑ·Γ· µΑ-Γ µ=!%∆5.-=Γ· (data augmentation
with translations), /%1)+ /%( -!¨· -΅·῟΅%-µ6 ᾿%5%῟¨-(%/)· /%( µ=16῟Γ· Μ%1(.+ µ.1*-
-*+ (deep learning methods) ΄(% ΜΑ·!(-!* /.·΅Κ* !Γ· ·¨µ(/)· =··¨()· /%( -!(+ ·(΄6!=5¨
῟(%῟=῟¨µΑ·=+ ΄·)--=+ [4], [55], [51].
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Χ !=Θ·¨·¨΄῾% /%!*΄¨5(¨᾿¨῾*-*+ /%( =;%΄Γ΄2+ ᾿·*5¨∆¨5῾%+ ΑΘ=( Μ5=( ᾿5%/!(/2 =∆%5-
µ¨΄2 -= -:΄Θ5¨·% =5΄%·=῾% ·¨µ(/2+ !=Θ·¨·¨΄῾%+ (legal tech), 6᾿Γ+ ᾿·%!∆65µ=+ ῟(%Θ=῾5(-*+
=΄΄5.∆Γ· (document management), -΅µµ65∆Γ-*+ (compliance), ·¨µ(/¨: =·Α΄Θ¨΅ (due
diligence) /%( %΅!6µ%!*+ -:·!%;*+ 2 %·%1=)5*-*+ -΅µΛ¨·%῾Γ· (automated contract draft-
ing/review). ῭%5%῟=῾΄µ%!% ᾿=5(·%µΛ.·¨΅· ᾿(᾿=·(·=+ ᾿¨΅ =·-Γµ%!)·¨΅· !¨ LegalBERT 2
Lawformer ΄(% !¨ tagging /%( !*· !%;(·6µ*-* (classification), -= -΅·῟΅%-µ6 µ= ΅᾿¨µ¨·.῟=+
=;%΄Γ΄2+ Τ*!5)· (clause extraction modules) ᾿¨΅ Θ5*-(µ¨᾿¨(¨:· =᾿(-*µ%-µΑ·% ῟=῟¨µΑ·%
(annotated data) %᾿6 !% CUAD 2 LEDGAR.

῝= ᾿5%΄µ%!(/Α+ -΅·12/=+, * Θ52-* !Α!¨(Γ· -΅-!*µ.!Γ· =᾿(!5Α᾿=( -= µ=΄.·=+ =!%(5=῾=+
/%( ¨5΄%·(-µ¨:+ ·% =᾿=;=5΄.Σ¨·!%( %΅!6µ%!% Θ(·(.῟=+ Α΄΄5%∆%, ·% =·!¨᾿῾Σ¨΅· /5῾-(µ=+
Τ2!5=+, ·% ᾿%5%/¨·¨΅1¨:· +¨µ᾿·(%·+= /%( ·% %΅!¨µ%!¨᾿¨(¨:· ·¨µ(/Α+ Τ¨Α+ =5΄%-῾%+ µ=
%/5῾Λ=(% ᾿¨΅, -:µ∆Γ·% µ= -΅΄/5(!(/Α+ µ=·Α!=+, ᾿·*-(.Σ=( 2 /%( ΅᾿=5Λ%῾·=( !¨ %·15)᾿(·¨
=᾿῾᾿=῟¨ [55], [54].

῭%5. !% =·!΅᾿Γ-(%/. %᾿¨!=·Α-µ%!%, ᾿%5%µΑ·¨΅· %·¨(Θ!. Υ*!2µ%!% ᾿¨΅ %∆¨5¨:· !*·
=5µ*·=΅-(µ6!*!% !Γ· %᾿¨!=·=-µ.!Γ·, !*· %·.΄/* ΄(% -΅·=Θ2 =᾿Α/!%-* !Γ· %··¨!%!=῟ ῟%!%-
-=!+, !*· ᾿5¨-%5µ¨΄2 !Γ· µ¨·!Α·Γ· -!(+ =;=·῾;=(+ !*+ ·¨µ¨·¨΄῾%+ /%( !* ῟(%-∆.·(-* !*+
%/5῾Λ=(%+ -= ᾿¨·΅΄·Γ--(/. ᾿=5(Λ.··¨·!%. Χ ῟(%-:·῟=-* !Γ· %᾿¨!=·=-µ.!Γ· =;%΄Γ΄2+
(extraction results) µ= =∆%5µ¨΄Α+ =᾿6µ=·Γ· -!%῟῾Γ· (downstream applications), 6᾿Γ+ *
%·%-/6᾿*-* =΄΄5.∆Γ· (document review) 2 !% -΅-!2µ%!% ·¨µ(/¨: -΅··¨΄(-µ¨: (legal rea-
soning pipelines), %᾿¨!=·=῾ %·!(/=῾µ=·¨ =·=5΄¨: Α5=΅·%+.

4.2.2 8Θ250Μ.(΄( 8¨Μ῭5΄(Κ

Χ -΅-!*µ%!(/2 %;(¨·6΄*-* !Γ· -΅-!*µ.!Γ· %΅!6µ%!*+ %·.·΅-*+ -΅µΛ¨·%῾Γ· /%( =;%-
΄Γ΄2+ ᾿·*5¨∆¨5῾%+ ΑΘ=( /=·!5(/2 -*µ%-῾% ΄(% !*· ᾿5%/!(/2 /%( =᾿(-!*µ¨·(/2 %;(¨᾿(-!῾%
!¨΅+. 3῟), * %;(¨·6΄*-* ῟=· =;%·!·=῾!%( -!% -΅·*1(-µΑ·% %5(1µ*!(/. scores, %··. ᾿=5(-
·%µΛ.·=( ·=᾿!¨µ=52 %·.·΅-* !*+ -΅µ᾿=5(∆¨5.+ /.1= -΅-!2µ%!¨+ =᾿=;=5΄%-῾%+ (pipeline)
-= ῟(-%∆¨5=!(/¨: !:᾿¨΅ ῟=῟¨µΑ·%, -΅·12/=+ /%( ·¨µ(/Α+ Θ52-=(+.

1. 8Θ250Μ.(΄( !Θ·.*.ΝΚ ·()%4+ Β῝µΑ50·΅*+ (Clause Extraction)

῝!% Α5΄% (tasks) =;%΄Γ΄2+ Τ*!5)·, 6᾿Γ+ %΅!. ᾿¨΅ %;(¨·¨΄¨:·!%( µ= !¨ CUAD, * µΑ!5*-*
΄῾·=!%( µ= :

• 9/5῾Λ=(% (precision): !¨ ᾿¨-¨-!6 !Γ· %᾿¨-᾿%-µ.!Γ· ᾿¨΅ =;2΄%΄= !¨ -:-!*µ% /%( 2!%·
᾿5.΄µ%!( -Γ-!..

• 9·./·*-* (recall): !¨ ᾿¨-¨-!6 !Γ· -΅·¨·(/)· Τ*!5)· ᾿¨΅ =·!¨᾿῾-!*/%·.

• F1-score: ¨ %5µ¨·(/6+ µΑ-¨+ !Γ· ᾿%5%᾿.·Γ.

῝!% =᾿῾-*µ% benchmarks, µ¨·!Α·% 6᾿Γ+ !¨ RoBERTa-Large (µ= ᾿=5%(!Α5Γ =/᾿%῾῟=΅-*
-!¨ CUAD) Α∆!%-%· F1-score 91% -= /·%-(/Α+ Τ2!5=+ (᾿.Θ. =Θ=µ:1=(%), %··. µ=()1*/=
-!¨ 62–75% -= -᾿.·(=+ 2 (῟(%῾!=5% =;%5!)µ=·=+ %᾿6 !¨ -΅µ∆5%Σ6µ=·¨ Τ2!5=+ (context-
dependent, ᾿.Θ. µ*-!΅᾿¨᾿¨(*µΑ·* =΅1:·*) [43]. Χ %;(¨·6΄*-* ΄῾·=!%( %·. /%!*΄¨5῾%
(per-class), /%1)+ /.1= Τ2!5% ῟(%∆Α5=( -= -΅Θ·6!*!% /%( ῟΅-/¨·῾%.

Χ %·.·΅-* -∆%·µ.!Γ· (error analysis) %᾿¨/%·:᾿!=( 6!( !% ᾿=5(--6!=5% Κ=΅῟)+ %5·*!(-
/. (false negatives) %∆¨5¨:· «Α·1=!=+» Τ2!5=+ (nested clauses) 2 ᾿=5(᾿!)-=(+ 6᾿¨΅ * ·¨µ(/2
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-*µ%-῾% =;%5!.!%( %᾿6 !*· ᾿5¨*΄¨:µ=·* ᾿%5.΄5%∆¨ — /.!( ᾿¨΅ %/6µ% /%( .·15Γ᾿¨( -΅Θ·.
᾿%5%Λ·Α᾿¨΅·.

Β(% !*· ᾿·*5Α-!=5* %᾿¨!῾µ*-* !*+ %᾿6῟¨-*+ !Γ· µ¨·!Α·Γ· -= ·¨µ(/. ῟=῟¨µΑ·%, Θ5*-(-
µ¨᾿¨(¨:·!%( =;=(῟(/=΅µΑ·% -Θ2µ%!% %;(¨·6΄*-*+ ᾿¨΅ Μ%-῾Σ¨·!%( -!(+ %/6·¨΅1=+ !5=(+ /%-
!*΄¨5῾=+ :

1. ΒΧ.3%2΄( 8+Ο%4¨5῝–,5+)60*+ (Human vs LLMs)

῝= µ=·Α!* !*+ ῾῟(%+ ᾿·%!∆65µ%+, ·=6!=5¨( ·¨µ(/¨῾ ᾿Α!΅Θ%· %·./·*-* 85–95% -= -΅-
Θ·Α+ Τ2!5=+ %··. 60–70% -= -᾿.·(=+, ῟*·%῟2 !% /%·. Μ=·!(-!¨᾿¨(*µΑ·% (fine-tuned)
LLMs %5Θ῾Σ¨΅· ·% ᾿·*-(.Σ¨΅· (2 /%( ·% ;=᾿=5·¨:·) !*· %·15)᾿(·* %᾿6῟¨-* -= -΅΄/=-
/5(µΑ·% Α5΄% [43], [54].

2. 8Θ250Μ.(΄( ῾·)(.5%25¨5΅(΄(Κ 3·2 !¨2΄Νµ·+΄(Κ (Classification & Tagging)

Χ !%;(·6µ*-* =΄΄5.∆Γ· -= ·¨µ(/Α+ /%!*΄¨5῾=+ (LexGLUE) ΄῾·=!%( µ= !(+ /·%-(/Α+
µ=!5(/Α+ !%;(·6µ*-*+ (accuracy, macro/micro F1).

Β(% ᾿%5.῟=(΄µ%, -!¨ Α5΄¨ ᾿56Λ·=Κ*+ %᾿¨∆.-=Γ· !*+ 33 (EU judgment prediction),
!¨ LegalBERT ᾿Α!΅Θ= %/5῾Λ=(% (accuracy) 79% /%( macro-F1 77%, 6!%· !¨ Μ%-(/6
µ¨·!Α·¨ (baseline) 2!%· 62% [4]. ῝= Α5΄% =᾿(-2µ%·-*+ (tagging, multi-label), Θ5*-
-(µ¨᾿¨(¨:·!%( hamming loss, exact match ratio /%( %/5῾Λ=(% %·. =!(/Α!% (per-label
precision), %∆¨: Α·% Α΄΄5%∆¨ µ᾿¨5=῾ ·% %·2/=( !%΅!6Θ5¨·% -= ᾿¨··%᾿·Α+ ·¨µ(/Α+
/%!*΄¨5῾=+.

3. 8Θ250Μ.(΄( !Θ·.*.ΝΚ Φ0(%5Π5%΅·Κ (Information Extraction: NER, Relation

Extraction)

3῟) * µΑ!5*-* ᾿=5(·%µΛ.·=( :

• 9/5῾Λ=(%/%·./·*-*/F1 -= =᾿῾᾿=῟¨ ¨·!6!*!%+ (entity-level precision/recall/F1)
᾿.Θ. ΄(% =µ᾿·=/6µ=·% µΑ5*, *µ=5¨µ*·῾=+, ΅᾿¨Θ5=)-=(+.

• 9;(¨·6΄*-* /%!. !µ2µ% (span-based) /%( /%!. %··*·=᾿(/.·΅Κ* (overlap-based
evaluation): %· !¨ µ¨·!Α·¨ %·%΄·Γ5῾Σ=( ¨·6/·*5* 2 µΑ5¨+ !*+ ¨·!6!*!%+.

῝!¨ LEDGAR, !¨ /%·:!=5¨ µ¨·!Α·¨ Α∆!%-= entity F1 ᾿.·Γ %᾿6 89% ΄(% ·¨µ(/Α+ ¨-
·!6!*!=+, %··. /.!Γ %᾿6 70% ΄(% -:·1=!=+ ΅᾿¨Θ5=)-=(+ (Α·1=!=+ 2 ῟(%῟¨Θ(/Α+) [53].
Χ %·.·΅-* -∆%·µ.!Γ· /%!. !µ2µ% (span-based error analysis) ῟=῾Θ·=( 6!( !% ᾿=5(--
-6!=5% ·.1* =µ∆%·῾Σ¨·!%( -= µ%/5¨-/=·=῾+, µ=(/!Α+ Τ2!5=+ (῟*·%῟2 µ= ᾿¨··%᾿·Α+
᾿·*5¨∆¨5῾=+ µ%Σ῾).

4. Φ50῝.0*΄΄23Ν 3·2 Low-Resource 8Θ250Μ.(΄( (Multilingual & Low-Resource

Evaluation)

,% ᾿=5(--6!=5% benchmarks ΑΘ¨΅· ΄῾·=( -= %΄΄·(/. /%( /(·=Σ(/.. ῝= ΄·)--=+ 6᾿Γ+
!% ᾿¨5!¨΄%·(/. (BERTimbau) 2 !% =··*·(/. (µ=!%∆¨5. %᾿6 mBERT/XLM-R), !¨ F1-
score ᾿Α∆!=( ΑΓ+ /%( 15 µ¨·.῟=+ -= =;%΄Γ΄2 Τ*!5)· 2 ¨·!¨!2!Γ· [4], [51]. Χ /:5(%
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᾿56/·*-* =῟) =῾·%( * Α··=(Κ* =᾿(-*µ%-µΑ·Γ· ῟=῟¨µΑ·Γ· (annotated data), ¨( ΄·Γ--
-(/Α+ (῟(¨µ¨5∆῾=+ (᾿.Θ. -΅·!%/!(/6, -=(5. ·Α;=Γ·) /%( !% ·.1* µ=!.∆5%-*+ /%!. !¨
fine-tuning.

5. 8Θ250Μ.(΄( RAG: Φ·%·¨5µ¨6Κ, Φ·%·2΄ΟΝ΄-2Κ, Downstream

῝!% -΅-!2µ%!% (RAG), * %/5῾Λ=(% ᾿%5%᾿¨µ᾿)· (citation accuracy) ,῟*·%῟2 ᾿6-¨ /%·.
!¨ LLM -!*5῾Σ=( !(+ ᾿%5%΄6µ=·=+ %᾿%·!2-=(+ µ= ᾿5%΄µ%!(/Α+ ᾿*΄Α+— µ=!5(Α!%( µ= :

• 0.·΅Κ* ᾿%5%᾿¨µ᾿)· (citation coverage): ᾿¨-¨-!6 %᾿%·!2-=Γ· µ= !¨΅·.Θ(-!¨·
µ῾% -Γ-!2 ᾿%5%᾿¨µ᾿2.

• 9/5῾Λ=(%/%·./·*-* ᾿%5%᾿¨µ᾿)· (citation precision/recall): /%!. ᾿6-¨ !% ᾿%-
Τ%!(1Αµ=·% !=/µ25(% =῾·%( -Θ=!(/. /%( %·*12.

• ῭¨-¨-!6 %·%/5(Λ=()· (hallucination rate): ᾿¨-¨-!6 %᾿%·!2-=Γ· ᾿¨΅ ᾿=5(ΑΘ¨΅·
%·:᾿%5/!=+ 2 =∆=΅5=µΑ·=+ ᾿·*5¨∆¨5῾=+.

῝= benchmarking !¨΅ LegalBench-RAG, !% -΅-!2µ%!% LegalBERT + retriever ᾿Α!΅Θ%·
%/5῾Λ=(% ᾿%5%᾿¨µ᾿)· ᾿.·Γ %᾿6 85%, µ= ᾿¨-¨-!. ᾿%5%(-12-=Γ· /.!Γ %᾿6 7% —
-%∆)+ Θ%µ*·6!=5% %᾿6 /%1%5. LLMs ΘΓ5῾+ retrieval [4], [46]. ῎-!6-¨, 6!%· !¨ -:·¨·¨
῟=῟¨µΑ·Γ· =῾Θ= ᾿¨··%᾿·Α+ /¨·!(·Α+ ᾿*΄Α+, !% µ¨·!Α·% -΅Θ·. µ᾿Α5῟=΅%· 2 -΅·Α1=!%·
᾿·*5¨∆¨5῾=+ (composite hallucinations).

6. ΒΛ502·΄µΜΚ Β῝+Μ0*+ 7-῭5µ6+*+ & !µ¨Μ῭2· 8Θ250Μ.(΄(Κ (Dataset Annotation

& Evaluation Bottlenecks)

Χ ᾿¨(6!*!% !*+ %;(¨·6΄*-*+ =;%5!.!%( .µ=-% %᾿6 !*· =᾿(-*µ=῾Γ-* !Γ· -΅·6·Γ· ῟=῟¨-
µΑ·Γ· (annotation of datasets).

• CUAD: =᾿(-*µ%-µΑ·¨ %᾿6 ·¨µ(/¨:+ =µ᾿=(5¨΄·)µ¨·=+, %᾿%(!=῾!%( !5(᾿·2 -΅µ-
ΗΓ·῾% (3-way agreement), µ= ῟(%-=᾿(-*µ%·!(/2 -΅µ∆Γ·῾% F1 93%.

• ContractNLI: -΅··¨΄(-!(/2 -= =᾿῾᾿=῟¨ Τ2!5%+ (clause-level inference), 6᾿¨΅ ¨(
annotators ῟(%∆Γ·¨:· -= «΄/5῾Σ=+ Υ)·=+» (᾿.Θ. %· ΅᾿.5Θ=( %·!῾∆%-* 2 6Θ().

,¨ -!=·6 -*µ=῾¨ !*+ =᾿(-*µ=῾Γ-*+ (annotation bottleneck) /%1΅-!=5=῾ !* -:΄/5(-*
=᾿(῟6-=Γ·, =(῟(/. ΄(% ·Α=+ ῟(/%(¨῟¨-῾=+ 2 ᾿¨·΅΄·Γ--(/. Α5΄%. ῭¨··Α+ =!%(5=῾=+/¨5-
΄%·(-µ¨῾ ᾿·Α¨· =·-Γµ%!)·¨΅· =·=5΄2 µ.1*-* (active learning) 2 *µ(%΅!6µ%!* ᾿5¨/%-
!%5/!(/2 =᾿(-2µ%·-* (semi-automated pre-tagging) ΄(% =᾿(!.Θ΅·-* !*+ ῟(%῟(/%-῾%+.

7. 8Θ250Μ.(΄( ΄- Φ%·.µ·)23Μ Φ-%2Α/005+ & 8+·)%5Π5῭Μ)(΄( ·¨Μ )5+ Ξ%Ν΄)(

(Real-World Deployment & Human-in-the-loop Feedback)

,% ᾿(¨ =᾿(!΅Θ*µΑ·% -΅-!2µ%!% %;(¨·¨΄¨:·!%( /%( «-!¨ ᾿=῟῾¨», ῟*·%῟2 -= ΥΓ·!%·Α+
Τ¨Α+ =5΄%-῾%+ (live workflows):

• Ν3·=΄Θ¨+ =΄΄5.∆Γ· (document review): µ=!5)·!%( !% -∆.·µ%!% ᾿¨΅ Α∆!%-%· -!¨·
!=·(/6 Θ52-!* /%( %᾿%(!¨:-%· ῟(651Γ-* (user correction rate).
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• ῝΅µµ65∆Γ-* (compliance): ᾿6-¨( /῾·῟΅·¨( -΅µµ65∆Γ-*+ =·!¨᾿῾-!*/%· %΅!6µ%-
!% /%( ᾿6-¨( %΄·¨21*/%·/᾿%5%·=῾∆1*/%·.

• 7(.5/=(% =᾿=;=5΄%-῾%+ : µΑ!5*-* !*+ =;¨(/¨·6µ*-*+ Θ56·¨΅ Α·%·!( !*+ Θ=(5¨-
/῾·*!*+ %;(¨·6΄*-*+.

῝:µ∆Γ·% µ= µ=·Α!=+, =!%(5=῾=+ ᾿¨΅ ΅(¨1Α!*-%· ᾿·25Γ+ %΅!¨µ%!¨᾿¨(*µΑ·% -΅-!2µ%!%
=;%΄Γ΄2+ Τ*!5)· µ= -΅µµ=!¨Θ2 %·15)᾿¨΅ -!* ῟(%῟(/%-῾% (human-in-the-loop) %·Α∆=-
Τ%· µ=῾Γ-* !¨΅ Θ56·¨΅ =·Α΄Θ¨΅ ΑΓ+ 60% /%( Μ=·!῾Γ-* !*+ %·./·*-*+ ΄(% /5῾-(µ¨΅+
/(·῟:·¨΅+ (critical risks) ᾿.·Γ %᾿6 90% [55], [54].

8. !%µ(+-῝΄2µΜ)()· – !¨-Θ(.(΄2µΜ)()· 3·2 ᾿5µ23Ν Ρ-Α·2Μ)()· (Interpretability

– Explainability and Legal Confidence)

,% !=·=΅!%῾% Θ56·(%, %΅;.·=!%( * %᾿%῾!*-* ΄(% =᾿=;*΄2-(µ% -΅-!2µ%!% !=Θ·*!2+ ·¨*-
µ¨-:·*+ (explainable AI):

• Ε᾿!(/¨᾿¨῾*-* ᾿5¨-¨Θ2+ (attention visualization): !% µ¨·!Α·% =µ∆%·῾Σ¨΅· !¨ «-*-
µ=῾¨» !¨΅ -΅µΛ¨·%῾¨΅ 2 !*+ %᾿6∆%-*+ ᾿¨΅ %᾿¨!Α·=-= !* Μ.-* ΄(% !*· ᾿56Λ·=Κ*.

• ῏%1µ¨·6΄*-* ·¨µ(/2+ Μ=Λ%(6!*!%+ (legal confidence scoring): 6Θ( µ6·¨ ῟΅%῟(-
/6 %᾿¨!Α·=-µ%, %··. /%( Μ%1µ¨·¨΄῾%/=;2΄*-* ΄(% !¨ «᾿6-¨ -῾΄¨΅5¨» =῾·%( !¨
µ¨·!Α·¨ ΄(% /.1= ᾿56Λ·=Κ*/=;%΄Γ΄2.

• 7(%῟5%-!(/2 =᾿(/:5Γ-* (interactive validation): ¨ ·¨µ(/6+ Θ52-!*+ µ᾿¨5=῾ ·%
%᾿¨῟=Θ1=῾ 2 ·% %᾿¨55῾Κ=( /.1= %᾿.·!*-* µ= Α·% /·(/, =·(-Θ:¨·!%+ !¨· /:/·¨
%·%!5¨∆¨῟6!*-*+ µΑ-Γ =·=5΄2+ µ.1*-*+ (active learning feedback loop).

9. Φ%530Ν΄-2Κ & ,-005+)236Κ Σ/΄-2Κ

• 9·1=/!(/6!*!% (robustness): !% µ¨·!Α·% ᾿5Α᾿=( ·% %·!=᾿=;Α5Θ¨·!%( -= «=/!6+
᾿=῟῾¨΅» (out of domain) -΅µΛ6·%(%/%᾿¨∆.-=(+ (᾿.Θ. ·Α¨( ·6µ¨(, /%(·¨∆%·=῾+
Τ2!5=+).

• 4=5¨·*Κ῾% /%( 7(/%(¨-:·* (bias & fairness): %᾿¨∆΅΄2 =:/¨·*+ ᾿%5%·6*-*+
·6΄Γ ᾿5¨/%!%·2Κ=Γ· !¨΅ -΅·6·¨΅ =/᾿%῾῟=΅-*+ (training set biases).

• ,΅᾿¨᾿¨῾*-* µ=!5(/)· (standardization of metrics): %᾿¨΅-῾% =·(%῾Γ· ᾿5Γ!¨/6·-
·Γ· %;(¨·6΄*-*+ µ=!%;: ᾿·%!∆¨5µ)·/-΅·6·Γ· ῟=῟¨µΑ·Γ·.

• 3·-Γµ.!Γ-* -!* ·¨µ(/2 ᾿5%/!(/2 (integration with legal practice): !% =;=·(΄-
µΑ·% -΅-!2µ%!% =-!(.Σ¨΅· ᾿·Α¨· -!*· =·-Γµ.!Γ-* µ= ΅∆(-!.µ=·% -΅-!2µ%!%
῟(%Θ=῾5(-*+ ·¨µ(/)· =΄΄5.∆Γ· (legal document management systems, DMS),
6Θ( µ6·¨ -= =5΄%-!*5(%/Α+ -΅·12/=+ (lab conditions).

Χ ᾿5%/!(/2 =∆%5µ¨΄2 µ=!5(/)· %᾿¨!΅᾿)·=!%( -!¨ ᾿%5%/.!Γ ῟(.΄5%µµ%, !¨ ¨᾿¨῾¨ ᾿%-
Τ¨΅-(.Σ=( !% %᾿¨!=·Α-µ%!% %;(¨·6΄*-*+ !¨΅ -΅·6·¨΅ ῟=῟¨µΑ·Γ· LeCaRD. ῝!¨ ῟(.΄5%µµ%
%΅!6 ᾿%5¨΅-(.Σ¨·!%( ¨( =᾿(῟6-=(+ ῟(%∆65Γ· µ=16῟Γ· %·.·΅-*+ ¨µ¨(6!*!%+ ·¨µ(/)· ΅᾿¨-
ΟΑ-=Γ·, 6᾿¨΅ ῟(%᾿(-!)·=!%( 6!( !% ·¨µ(/. =΅%(-1*!¨᾿¨(*µΑ·% µ¨·!Α·% (legal-aware mod-
els), 6᾿Γ+ !¨ Legal-BERT, ΅᾿=5ΑΘ¨΅· -*µ%·!(/. -= µ=!5(/Α+ 6᾿Γ+ !¨ MAP /%( !¨ nDCG
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4.3 ῭56Λ·=Κ* 7(/%-!(/)· 9᾿¨∆.-=Γ·

-= -:΄/5(-* µ= ᾿%5%῟¨-(%/Α+ ᾿5¨-=΄΄῾-=(+ (BM25, TF-IDF). ,% %᾿¨!=·Α-µ%!% %΅!. =᾿(Λ=-
Μ%()·¨΅· !* -*µ%-῾% !Γ· =;=(῟(/=΅µΑ·Γ· embeddings /%( !*+ Μ%1:!=5*+ -*µ%-(¨·¨΄(/2+
/%!%·6*-*+.

ΝΕ᾿Γ+ Η%῾·=!%( -!¨ ῟(.΄5%µµ% 4.5, * =;Α·(;* !Γ· legal-aware µ¨·!Α·Γ· ¨῟*΄=῾ -= Μ=·-
!῾Γ-* 6Θ( µ6·¨ !*+ %/5῾Λ=(%+, %··. /%( !*+ ᾿5%/!(/2+ Θ5*-(µ6!*!%+ !Γ· -΅-!*µ.!Γ·, /%-
Ο(-!)·!%+ !% ᾿(¨ %᾿¨!=·=-µ%!(/. =5΄%·=῾% ΄(% !* ·¨µ(/2 Α5=΅·% /%( !*· ΅᾿¨-!25(;* !*+
%·.·΅-*+ ¨µ¨(6!*!%+. ῎-!6-¨, * Α··¨(% !*+ -΅·.∆=(%+ ᾿%5%µΑ·=( -:·1=!* /%( -΅Θ·. =;%5-
!.!%( %᾿6 !¨ ·¨µ(/6 /%( ᾿5%/!(/6 ᾿·%῾-(¨ !*+ %;(¨·6΄*-*+.

῝Θ2µ% 4.5: 4¨΅*58῟)µ·*· ·;6΅8·῭+)+0 ῾6·΄΅%5*6/Ε- µ5∆·῾2- ·-Α8,)+0 ΅µ΅6·*+*·0 -΅µ6/Ε-
,¨΅∆῟)52- )*΅ )Γ-΅8΅ ῾5῾΅µ῟-2- LeCaRD, µ5 *60 Φ·)6/῟0 µ5*%6/῟0 P@5, P@10, MAP /·6
nDCG.[3].

4.3 Φ%ΜΑ0-Ι( 723·΄)234+ 8¨5Π/΄-*+

Χ ᾿56Λ·=Κ* ῟(/%-!(/)· %᾿¨∆.-=Γ· µΑ-Γ !=Θ·(/)· µ*Θ%·(/2+ µ.1*-*+ /%( 4=΄.·Γ·
Β·Γ--(/)· 4¨·!Α·Γ· (LLMs) %᾿¨!=·=῾ Α·% %᾿6 !% ᾿·Α¨· /%(·¨!6µ% !*+ ·¨µ(/2+ ᾿·*5¨∆¨5(-
/2+. Χ ῟΅·%!6!*!% !Γ· ΅᾿¨·¨΄(-!(/)· -΅-!*µ.!Γ· ·% =/!(µ¨:· !*· Α/Λ%-* µ(%+ ΅᾿61=-*+,
%;(¨᾿¨()·!%+ (-!¨5(/. ῟=῟¨µΑ·%, ·¨µ(/. =᾿(Θ=(52µ%!% /%( ᾿56!΅᾿% -΅··¨΄(-!(/2+, %·%῟=(-
/·:=( !6-¨ !(+ !=5.-!(=+ ῟΅·%!6!*!=+ 6-¨ /%( !¨΅+ ᾿=5(¨5(-µ¨:+ !*+ !=Θ·*!2+ ·¨*µ¨-:·*+
-!¨· Θ)5¨ !*+ %᾿¨·¨µ2+ ῟(/%(¨-:·*+. ῭%5.··*·%, * %;(¨᾿¨῾*-* !Α!¨(Γ· =5΄%·=῾Γ· =΄=-
῾5=( Υ*!2µ%!% ᾿¨΅ -Θ=!῾Σ¨·!%( µ= !% 65(% !*+ %΅!¨µ%!¨᾿¨῾*-*+, !* -*µ%-῾% !*+ %·15)᾿(·*+
=5µ*·=῾%+ /%( !*· %;(¨᾿(-!῾% !Γ· ᾿5¨Λ·=᾿!(/)· µ¨·!Α·Γ· -!* ·¨µ(/2 ᾿5.;*.

,% !=·=΅!%῾% Θ56·(%, ᾿·21¨+ µ=·=!)· ΑΘ¨΅· ᾿5¨!=῾·=( µ¨·!Α·% ΄(% !*· ᾿56Λ·=Κ* %᾿¨-
Η.-=Γ· -= ῟(/%-!25(% 6᾿Γ+ !¨ 3΅5Γ᾿%Π/6 7(/%-!25(¨ 7(/%(Γµ.!Γ· !¨΅ 9·15)᾿¨΅ (ECHR),
!¨ 9·)!%!¨ 7(/%-!25(¨ !Γ· Χ῭9, !¨ 9·)!%!¨ Ω%Π/6 7(/%-!25(¨ !*+ 0῾·%+ /%( =1·(/. ῟(/%-
-!25(% -!*· ,¨΅5/῾%[57], ῏5%Σ(·῾%[58], 0%·%῟.[59] /%( ῞(·(᾿᾿῾·=+[12]. Ε( ᾿5¨-=΄΄῾-=(+
/΅µ%῾·¨·!%( %᾿6 /·%-(/. ΅᾿¨-!*5(/!(/. ῟(%·΅-µ%!(/. µ*Θ%·2µ%!% (SVMs) /%( recurrent
networks (LSTM/GRU), ΑΓ+ µ=!%-Θ*µ%!(-!Α+ 6᾿Γ+ !¨ BERT /%( !% =;=(῟(/=΅µΑ·% ῟῾/!΅%
6᾿Γ+ !¨ Lawformer, !¨ QAjudge /%( !¨ LawLLM.

Χ ᾿56Λ·=Κ* µ᾿¨5=῾ ·% %∆¨5. ῟(%∆¨5=!(/Α+ ᾿!΅ΘΑ+ : !¨ %· ᾿%5%Λ(.-!*/= Α·% .515¨,
!¨ =῾῟¨+ !*+ ᾿¨(·2+, !*· =!΅µ*΄¨5῾% 2 %/6µ* /%( !* Τ*!¨5(/2 ῟¨µ2 !*+ %᾿6∆%-*+. 3;῾-¨΅
-*µ%·!(/6 =῾·%( /%( !¨ Υ2!*µ% !*+ =;2΄*-*+ !*+ ᾿56Λ·=Κ*+ 6Θ( µ6·¨ !( ᾿5¨Λ·Α᾿=( !¨ µ¨·!Α·¨,
%··. /%( ΄(%!῾. Β(’ %΅!6 * %·.·΅-* !*+ ᾿56Λ·=Κ*+ ῟=· =῾·%( µ6·¨ %5(1µ*!(/2 %··. /%(
᾿¨(¨!(/2, µ= Αµ∆%-* -!*· %·%΄·Γ-(µ6!*!%, !* ῟(%∆.·=(% /%( !* ·¨µ(/2 !=/µ*5῾Γ-* !*+
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0=∆.·%(¨ 4. ῭5%/!(/Α+ =∆%5µ¨΄Α+ /%( !=Θ·(/2 ΅·¨᾿¨῾*-*

᾿%5%΄6µ=·*+ %᾿6∆%-*+.

῝!(+ =·6!*!=+ ᾿¨΅ %/¨·¨΅1¨:·, ᾿%5¨΅-(.Σ¨·!%( ¨( µ=1¨῟¨·¨΄(/Α+ Μ.-=(+, ¨( !=Θ·(/Α+
=∆%5µ¨΄Α+ /%( ¨( !56᾿¨( %;(¨·6΄*-*+ !Γ· -΅-!*µ.!Γ· ᾿56Λ·=Κ*+ ῟(/%-!(/)· %᾿¨∆.-=Γ·,
/%1)+ /%( ¨( ᾿5¨/·2-=(+ /%( ᾿=5(¨5(-µ¨῾ ᾿¨΅ ᾿5¨/:᾿!¨΅· %᾿6 !*· =∆%5µ¨΄2 !¨΅+ -!*·
᾿5.;*.

4.3.1 ,-Ο5῭505.΅· Φ%5.+*΄)234+ ,5+)60*+

Χ %·.᾿!΅;* %;(6᾿(-!Γ· ᾿5¨΄·Γ-!(/)· µ¨·!Α·Γ· ΄(% ῟(/%-!(/Α+ %᾿¨∆.-=(+ ᾿5¨Ι᾿¨1Α!=(
!* Θ52-* =;=(῟(/=΅µΑ·Γ· /%( ΅Κ*·2+ ᾿¨(6!*!%+ ·¨µ(/)· ῟=῟¨µΑ·Γ·, /%1)+ /%( !*· =∆%5µ¨-
΄2 ᾿5¨*΄µΑ·Γ· µ=16῟Γ· ᾿5¨=᾿=;=5΄%-῾%+, )-!= ·% =;%Θ1=῾ * µΑ΄(-!* ῟΅·%!2 ᾿·*5¨∆¨5῾%
%᾿6 !% %῟6µ*!% /%( -΅Θ·. %·¨µ¨(¨΄=·2 ·¨µ(/. /=῾µ=·%.

Χ ῟¨µ2 !Γ· ῟=῟¨µΑ·Γ· -= -:΄Θ5¨·% -:·¨·% ῟=῟¨µΑ·Γ· -΅·21Γ+ ᾿=5(·%µΛ.·=( !¨ ᾿·25=+
/=῾µ=·¨ !*+ %᾿6∆%-*+, !*· %·%·΅!(/2 ᾿=5(΄5%∆2 !Γ· ᾿5%΄µ%!(/)· ᾿=5(-!%!(/)· (facts), !¨
=∆%5µ¨-!Α¨ ·¨µ(/6 ᾿·%῾-(¨ (·6µ¨(, .515%), /%1)+ /%( µ=!%῟=῟¨µΑ·% 6᾿Γ+ *µ=5¨µ*·῾%,
!:᾿¨+ ῟(/%-!*5῾¨΅ /%( -:·1=-* ῟(/%-!)·. 8῟(%῾!=5* -*µ%-῾% ΑΘ=( * =᾿(-!*µ¨·(/. !=/µ*-
Τ(ΓµΑ·* =᾿(·¨΄2 !Γ· =/Λ.-=Γ·, ᾿.Θ. ᾿%5%Λ῾%-*, µ* ᾿%5%Λ῾%-* 2 !:᾿¨+ ᾿¨(·2+. Χ =-Γ!=5(/2
-΅·¨Θ2, * /%1%56!*!% /%( * %·%·΅!(/6!*!% !*+ /.1= =΄΄5%∆2+ =᾿(῟5¨:· .µ=-% -!*· ᾿¨(-
6!*!% !Γ· ᾿5¨Λ·ΑΚ=Γ· !¨΅ µ¨·!Α·¨΅ [54], [56], [11].

Χ Η.-* !*+ ᾿5¨=᾿=;=5΄%-῾%+ (preprocessing) =῾·%( ᾿¨·: /5῾-(µ*. ῭=5(·%µΛ.·=( Μ%-
-(/Α+ =·Α5΄=(=+ 6᾿Γ+ /%1%5(-µ6 /=(µΑ·¨΅ (%∆%῾5=-* Ο¨5:Λ¨΅, ·¨5µ%·(Σ%!(¨· Θ%5%/!25Γ·,
=·(%῾% µ¨5∆¨᾿¨῾*-* %5(1µ)· /%( *µ=5¨µ*·()·), !¨/=·(Σ%!(¨· (/%!.!µ*-* -= ·Α;=(+/∆5.-=(+),
/%( ·=µµ%!(Σ%!(¨· ΄(% µ=῾Γ-* !*+ ᾿¨·΅µ¨5∆῾%+. 3;=(῟(/=΅µΑ·=+ !=Θ·(/Α+, 6᾿Γ+ ¨ =·!¨᾿(-µ6+
·¨µ(/)· ¨·!¨!2!Γ· µΑ-Γ Named Entity Recognition, =᾿(!5Α᾿¨΅· !*· %·.῟=(;* /5῾-(µΓ· -!¨(-
Θ=῾Γ·, 6᾿Γ+ .515% ·6µΓ·, *µ=5¨µ*·῾=+, ῟(/%-!Α+ /%( ·¨µ(/. ᾿5¨*΄¨:µ=·% [56], [60]. ῝=
µ=΄.·% /%( ᾿¨·:᾿·¨/% /=῾µ=·%, =∆%5µ6Σ¨·!%( µΑ1¨῟¨( /%!%/=5µ%!(-µ¨: (chunking) 2 (-
=5%5Θ(/2+ !µ*µ%!¨᾿¨῾*-*+ (hierarchical segmentation), )-!= !¨ µ¨·!Α·¨ ·% =᾿=;=5΄.Σ=!%(
!µ*µ%!(/. !% /=῾µ=·% ΘΓ5῾+ ·% Θ.·=!%( !¨ -΅·¨·(/6 ·6*µ%.

3᾿(᾿·Α¨·, * =᾿(·¨΄2 !*+ µ=16῟¨΅ %·%᾿%5.-!%-*+ (Bag-of-Words, TF-IDF, word em-
beddings, contextual embeddings 6᾿Γ+ BERT/LegalBERT)/%1¨5῾Σ=( -= -*µ%·!(/6 Μ%1µ6
!*· %᾿6῟¨-* !¨΅ µ¨·!Α·¨΅. ,% ᾿%5%῟¨-(%/. sparse representations (BoW, TF-IDF) ᾿%5%-
µΑ·¨΅· Θ52-(µ% Γ+ baseline, 6µΓ+ !% -:΄Θ5¨·% contextual embeddings =῾·%( %᾿%5%῾!*!%
΄(% !*· %᾿¨!:᾿Γ-* !Γ· Μ%1:!=5Γ· ·¨*µ%!(/)· /%( -΅·!%/!(/)· -΅-Θ=!(-µ)·, =(῟(/. -=
·¨µ(/. /=῾µ=·% ΅Κ*·2+ ᾿¨·΅᾿·¨/6!*!%+ [56], [11].

῝!¨ ᾿%5%/.!Γ ῟(.΄5%µµ% 4.6[54], ᾿%5¨΅-(.Σ=!%( Α·% Θ%5%/!*5(-!(/6 ῟(.΄5%µµ% Τ¨-
2+ ᾿¨΅ %᾿=(/¨·῾Σ=( !¨΅+ -!6Θ¨΅+ /%( !(+ %᾿%(!2-=(+ !Γ· !5()· Μ%-(/)· =5΄%-()· -!*· %΅-
!6µ%!* %·.·΅-* /%( ᾿56Λ·=Κ* ῟(/%-!(/)· %᾿¨∆.-=Γ· : (%) %·%΄·)5(-* =/Λ.-=Γ· (outcome
identification), (Μ) /%!*΄¨5(¨᾿¨῾*-* %᾿¨∆.-=Γ· Μ.-=( =/Λ.-=Γ· (outcome-based judgment
categorisation), (΄) ᾿56Λ·=Κ* =/Λ.-=Γ· (outcome forecasting).
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4.3.1 4=1¨῟¨·¨΄῾% ῭5¨΄·Γ-!(/)· 4¨·!Α·Γ·

῝Θ2µ% 4.6: 76Α῭%·µµ· Λ΅(0 ¨΅, ·¨56/΅-.῝56 *΅,0 )*·᾿΅,0 /·6 *60 ·¨·6*()560 *60 3 5%῭·).50
¨%·Κ85Β+0 ῾6/·)*6/Ε- ·¨΅΄Α)52-

,¨ ῟(.΄5%µµ% Τ¨2+ %᾿=(/¨·῾Σ=( !% ῟(%/5(!. -!.῟(% =᾿=;=5΄%-῾%+ -= -΅-!2µ%!% ᾿56Λ·=-
Κ*+ ῟(/%-!(/)· %᾿¨∆.-=Γ·, µ= /.1= !:᾿¨ =5΄%-῾%+ ·% %/¨·¨΅1=῾ ῟(%∆¨5=!(/6 ᾿(᾿=·(·= 6-¨·
%∆¨5. !% ῟=῟¨µΑ·% =(-6῟¨΅, !(+ !=Θ·(/Α+ /%( !¨· Μ%1µ6 =5µ*·=΅-(µ6!*!%+. ῝΅΄/=/5(µΑ·%,
* %·%΄·)5(-* =/Λ.-=Γ· (Outcome Identification) Μ%-῾Σ=!%( -= ᾿·25* /=῾µ=·% %᾿¨∆.-=Γ·
/%( %;(¨᾿¨(=῾ !=Θ·(/Α+ %·./!*-*+ ᾿·*5¨∆¨5῾%+ /%( %᾿·¨:+ !%;(·¨µ*!Α+῍ * /%!*΄¨5(¨᾿¨῾*-*
%᾿¨∆.-=Γ· (Judgement Categorisation) =-!(.Σ=( -!*· !%;(·6µ*-* ΅᾿¨1Α-=Γ· %·.·¨΄% µ=
!¨ %᾿¨!Α·=-µ%, %;(¨᾿¨()·!%+ feature extraction /%( -:΄Θ5¨·¨΅+ !%;(·¨µ*!Α+ (SVM, BERT-
based /.·᾿.), =·) * ᾿56Λ·=Κ* =/Λ.-=Γ· (Outcome Forecasting) %᾿¨!=·=῾ !¨ ᾿(¨ %᾿%(!*!(/6
-!.῟(¨, /%1)+ !¨ -:-!*µ% ·=(!¨΅5΄=῾ %᾿¨/·=(-!(/. µ= !% ᾿5%΄µ%!(/. ᾿=5(-!%!(/. /%( ΘΓ5῾+
᾿56-Λ%-* -!*· !=·(/2 %᾿6∆%-*, %᾿%(!)·!%+ Μ%1:!=5* /%!%·6*-* !¨΅ ·¨µ(/¨: ᾿·%(-῾¨΅ /%(
᾿5¨*΄µΑ·=+ µ=16῟¨΅+ =᾿=;=5΄%-῾%+.

Χ ῟΅-/¨·῾% %΅;.·=!%( -*µ%·!(/. %᾿6 !% %᾿·. -!.῟(% =;%΄Γ΄2+ ᾿5¨+ !* ΄·2-(% ᾿56Λ·=-
Κ*, =᾿(Λ.··¨·!%+ !* Θ52-* ᾿(¨ -:·1=!Γ· %5Θ(!=/!¨·(/)·, =·(-Θ΅µΑ·*+ %/5῾Λ=(%+ -!*· ᾿5¨=-
᾿=;=5΄%-῾% /%( =;=·(΄µΑ·Γ· µ*Θ%·(-µ)· =5µ*·=΅-(µ6!*!%+ (explainability)[54]. Χ =᾿(·¨΄2
/%!.··*·*+ %5Θ(!=/!¨·(/2+ ΄(% !¨ =/.-!¨!= ᾿5¨΄·Γ-!(/6 µ¨·!Α·¨ =᾿*5=.Σ=( .µ=-% !6-¨ !*·
%/5῾Λ=(% 6-¨ /%( !* ΄=·(/=΅-(µ6!*!% !¨΅ -΅-!2µ%!¨+, µ= !* -:΄Θ5¨·* Α5=΅·% ·% µ=!%!¨-
᾿῾Σ=!%( ῟(%5/)+ ᾿5¨+ Μ%1(Α+ ·=΅5Γ·(/Α+ %5Θ(!=/!¨·(/Α+ (deep neural architectures), ᾿¨΅
=᾿(!5Α᾿¨΅· %᾿¨!=·=-µ%!(/2 ῟(%Θ=῾5(-* !*+ ᾿¨·΅᾿·¨/6!*!%+ !Γ· ·¨µ(/)· ῟=῟¨µΑ·Γ·.
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0=∆.·%(¨ 4. ῭5%/!(/Α+ =∆%5µ¨΄Α+ /%( !=Θ·(/2 ΅·¨᾿¨῾*-*

95Θ(/., ¨( ᾿5)!=+ ᾿5¨-᾿.1=(=+ -!¨· Θ)5¨ Θ5*-(µ¨᾿¨῾*-%· %·΄¨5῾1µ¨΅+ 6᾿Γ+ ¨( µ*Θ%-
·Α+ ῟(%·΅-µ.!Γ· ΅᾿¨-!25(;*+ (Support Vector Machines, SVM), !% !΅Θ%῾% ῟.-* (Random
Forests) /%( !* ·¨΄(-!(/2 ᾿%·(·῟56µ*-* (Logistic Regression) ᾿.·Γ -= %5%(Α+ %·%᾿%5%-
-!.-=(+ /=(µΑ·¨΅ (sparse text representations), 6᾿Γ+ !¨ TF-IDF /%( !¨ Bag-of-Words, BoW.

Χ ΅(¨1Α!*-* Μ%1()· ·=΅5Γ·(/)· ῟(/!:Γ· (deep neural networks) -*µ%!¨῟6!*-= µ῾%
·Α% =᾿¨Θ2 ΄(% !¨ ·¨µ(/6 NLP. 4¨·!Α·% 6᾿Γ+ !% Convolutional Neural Networks (CNNs),
Recurrent Neural Networks (RNNs, ᾿.Θ. LSTM, GRU), /%( =(῟(/6!=5% !% BiLSTM µ= µ*-
Θ%·(-µ¨:+ ᾿5¨-¨Θ2+ (attention), %᾿¨῟=῾Θ1*/%· Ο=!(/. %᾿¨!=·=-µ%!(/. -!*· =᾿=;=5΄%-῾%
%/¨·¨΅1(%/)· ῟=῟¨µΑ·Γ· /%( -!*· %·.῟=(;* /5῾-(µΓ· !µ*µ.!Γ· !¨΅ /=(µΑ·¨΅ [56], [11].

Β(% ᾿¨·: µ=΄.·=+ %᾿¨∆.-=(+, =∆%5µ6Σ¨·!%( (=5%5Θ(/Α+ µ=!%-Θ*µ%!(-!(/Α+ %5Θ(!=/!¨-
·(/Α+ (hierarchical transformers), 6᾿¨΅ !¨ /=῾µ=·¨ ῟(%-᾿.!%( -= =᾿(µΑ5¨΅+ segments 2
chunks, /.1= Α·% %᾿6 !% ¨᾿¨῾% =᾿=;=5΄.Σ=!%( ;=ΘΓ5(-!. /%( -!* -΅·ΑΘ=(% !% embeddings
=·¨᾿¨(¨:·!%( ΄(% !*· !=·(/2 ᾿56Λ·=Κ* [56].

῝!¨ ᾿·%῾-(¨ !*+ ᾿¨5.··*·*+ µ.1*-*+ (multi-task learning), !% µ¨·!Α·% =/᾿%(῟=:¨·!%(
!%΅!6Θ5¨·% -= ᾿=5(--6!=5% %᾿6 µ(% =5΄%-῾%. Β(% ᾿%5.῟=(΄µ%, -= Α·% ῟(/%-!(/6 -:·¨·¨ ῟=-
῟¨µΑ·Γ·, Α·% ῟῾/!΅¨ µ᾿¨5=῾ ·% ᾿5¨Λ·Α᾿=( ᾿%5.··*·% !6-¨ !¨ =῾῟¨+ !*+ ᾿%5%Λ῾%-*+ 6-¨ /%(
!¨ .515¨ ᾿¨΅ %∆¨5., 2 %/6µ% /%( !¨ =:5¨+ !*+ ᾿5¨Λ·=᾿6µ=·*+ ᾿¨(·2+. 9΅!2 * ᾿5¨-Α΄΄(-*
΅·¨᾿¨(=῾!%( µ= ῟(%µ¨(5%Σ6µ=·* Τ%Θ¨/¨/%·(. (shared backbone), 6᾿¨΅ !% ᾿5)!% =᾿῾᾿=῟%
!¨΅ µ¨·!Α·¨΅ µ%1%῾·¨΅· /¨(·2 %·%᾿%5.-!%-* !¨΅ ·¨µ(/¨: /=(µΑ·¨΅, /%( -!* -΅·ΑΘ=(% =-
;=(῟(/=΅µΑ·% /=∆.·(% (task-specific heads) ᾿%5.΄¨΅· !(+ %·!῾-!¨(Θ=+ ᾿5¨Λ·ΑΚ=(+ ΄(% /.1=
΅᾿¨=5΄%-῾% [11].

,¨ Μ%-(/6 ᾿·=¨·Α/!*µ% !*+ ᾿¨·΅=5΄%-(%/2+ =/᾿%῾῟=΅-*+ =῾·%( 6!( =᾿(!5Α᾿=( -!¨ µ¨-
·!Α·¨ ·% µ=!%∆Α5=( ΄·)-* µ=!%;: -΅·%∆)· tasks, Μ=·!()·¨·!%+ !* -!%1=56!*!% /%( !* ΄=·(-
/=΅-(µ6!*!% !Γ· %᾿¨!=·=-µ.!Γ·. 3᾿(᾿·Α¨·, =᾿(!΅΄Θ.·=!%( -*µ%·!(/2 µ=῾Γ-* !¨΅ /(·῟:·¨΅
΅᾿=5=/µ.1*-*+ (overfitting), /%1)+ !¨ ῟῾/!΅¨ %·%΄/.Σ=!%( ·% µ.1=( %·!(᾿5¨-Γ᾿=΅!(/. Θ%-
Τ%/!*5(-!(/. (features) ᾿¨΅ =῾·%( Θ52-(µ% -= ᾿=5(--6!=5% %᾿6 Α·% ᾿5¨Λ·2µ%!%.

῭5%/!(/., * =/᾿%῾῟=΅-* ᾿5%΄µ%!¨᾿¨(=῾!%( µ= Α·%· =·(%῾¨ Μ56Θ¨ Μ=·!(-!¨᾿¨῾*-*+ (op-
timization loop), 6᾿¨΅ * -΅·¨·(/2 -΅·.5!*-* /6-!¨΅+ (loss function) %᾿¨!=·=῾ -΅·῟΅%-µ6
!Γ· =᾿(µΑ5¨΅+ %᾿Γ·=()· (losses) /.1= task, ᾿.Θ.:

Ltotal = ω1Loutcome + ω2Larticle + ω3Lpenalty

6᾿¨΅ !% ·i =῾·%( Μ.5* ᾿¨΅ ᾿5¨-%5µ6Σ¨·!%( %·.·¨΄% µ= !* -*µ%-῾% /.1= ΅᾿¨-=5΄%-῾%+
(task) 2 !*· %·(-¨55¨᾿῾% /·.-=Γ· (class imbalance).

῭%5.··*·%, -= ᾿(¨ -:·1=!% ·¨µ(/. ᾿=5(Λ.··¨·!%, =∆%5µ6Σ¨·!%( ΅Λ5(῟(/Α+ ᾿5¨-=΄΄῾-=(+
6᾿¨΅ !% Μ%1(. ·=΅5Γ·(/. ῟῾/!΅% (deep neural networks) -΅·῟΅.Σ¨·!%( µ= ᾿(1%·¨/5%!(/.
΄5%∆(/. µ¨·!Α·% (probabilistic graphical models), 6᾿Γ+ !% Bayesian networks [61]. ῝=
%΅!2 !* ῟(.!%;*, !% =·-Γµ%!)µ%!% =;6῟¨΅ (output embeddings) 2 ¨( %5Θ(/Α+ ᾿5¨Λ·ΑΚ=(+ !¨΅
·=΅5Γ·(/¨: µ¨·!Α·¨΅ !5¨∆¨῟¨!¨:· !(+ ᾿(1%·6!*!=+ !Γ· /6µΛΓ· -= Α·% Bayesian ῟῾/!΅¨. Ν3!-(,
!¨ !=·(/6 -:-!*µ% ῟=· ᾿%5ΑΘ=( µ6·¨ µ(% «µ%:5¨΅ /¨΅!(¨:» ᾿56Λ·=Κ*, %··. ᾿¨-¨!(/¨᾿¨(=῾
!*· %Λ=Λ%(6!*!% /%( =᾿(!5Α᾿=( real-time =·*µΑ5Γ-* !Γ· ᾿(1%·¨!2!Γ· /.1= Α/Λ%-*+ µ= Μ.-*
·Α% %᾿¨῟=(/!(/. -!¨(Θ=῾%.

,% -΅-!2µ%!% %΅!. ᾿5¨-∆Α5¨΅· µ=΄%·:!=5* ῟(%∆.·=(% /%( =5µ*·=΅-(µ6!*!% (explain-
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4.3.1 4=1¨῟¨·¨΄῾% ῭5¨΄·Γ-!(/)· 4¨·!Α·Γ·

ability), =᾿(!5Α᾿¨·!%+ -!¨ Θ52-!* (῟(/%-!2, ·¨µ(/6, =5=΅·*!2) ·% %·%·:-=( ΄(%!῾ !¨ -:-!*µ%
/%!%·2΄=( -= -΅΄/=/5(µΑ·* ᾿56Λ·=Κ*, Μ%-(Σ6µ=·¨ -!*· ᾿¨-¨!(/2 %·.·΅-* !Γ· -!¨(Θ=῾Γ·
/%( 6Θ( µ6·¨ -!* «῟(%(-1*!(/2» /5῾-* =·6+ ·=΅5Γ·(/¨: ῟(/!:¨΅.

Χ =᾿(!΅Θ῾% /.1= µ¨·!Α·¨΅ ᾿56Λ·=Κ*+ ῟(/%-!(/)· %᾿¨∆.-=Γ· =;%5!.!%( 6Θ( µ6·¨ %᾿6 !*·
=᾿(·¨΄2 !*+ /%!.··*·*+ %5Θ(!=/!¨·(/2+, %··. /%( %᾿6 !* µ=1¨῟(/2 ῟(%῟(/%-῾% =/᾿%῾῟=΅-*+
/%( Μ=·!(-!¨᾿¨῾*-*+ !Γ· ᾿%5%µΑ!5Γ· !¨΅. ,¨ ᾿5)!¨ /5῾-(µ¨ Μ2µ% =῾·%( * -Γ-!2 ῟(.-᾿%-*
!¨΅ dataset -= -:·¨·% =/᾿%῾῟=΅-*+ (training), =᾿(/:5Γ-*+ (validation) /%( =·Α΄Θ¨΅ (test),
µ= -!6Θ¨ !*· %;(6᾿(-!* %;(¨·6΄*-* !*+ ΄=·(/=΅-(µ6!*!%+ !¨΅ µ¨·!Α·¨΅. Χ ῟(%῟(/%-῾% %΅!2
%/¨·¨΅1=῾ -΅Θ·. -!5%!*΄(/Α+ ῟(%-!5Γµ.!Γ-*+ (stratified splitting), )-!= ·% ῟(%!*5=῾!%( *
%·%·¨΄῾% !Γ· ῟(%∆¨5=!(/)· /%!*΄¨5()· =/Λ.-=Γ· -= 6·% !% ΅᾿¨-:·¨·% [56], [11].

Ν3·% %᾿6 !% Μ%-(/. ᾿5¨Λ·2µ%!% -!*· =/᾿%῾῟=΅-* µ¨·!Α·Γ· µ= ·¨µ(/. ῟=῟¨µΑ·% =-
῾·%( * %·(-¨55¨᾿῾% /%!*΄¨5()· (class imbalance), /%1)+ -= ᾿¨··Α+ ῟(/%(¨῟¨-῾=+ ¨5(-µΑ·=+
=/Λ.-=(+ =µ∆%·῾Σ¨·!%( -*µ%·!(/. -΅Θ·6!=5% %᾿6 .··=+ – ΄(% ᾿%5.῟=(΄µ%, * %᾿6∆%-* «µ*
᾿%5%Λ῾%-*+» ΅᾿=5!=5=῾ %5(1µ*!(/. !*+ «᾿%5%Λ῾%-*+» -!¨ ECHR. Β(% !*· %·!(µ=!)᾿(-* %΅!¨:
!¨΅ Η%(·¨µΑ·¨΅ =∆%5µ6Σ¨·!%( ῟(.∆¨5=+ !=Θ·(/Α+, 6᾿Γ+ * Θ52-* -!%1µ(-µΑ·Γ· -΅·%5!2-=Γ·
%᾿Γ·=()· (weighted loss functions) ᾿.Θ. -!%1µ(-µΑ·* ῟(%-!%΅5¨:µ=·* =·!5¨᾿῾% (weighted
cross-entropy) 2 focal loss )-!= !¨ µ¨·!Α·¨ ·% ῟῾·=( µ=΄%·:!=5* Μ%5:!*!% -!% ·.1* ᾿¨΅
%∆¨5¨:· -᾿.·(=+ /%!*΄¨5῾=+. 3᾿(᾿·Α¨·, %;(¨᾿¨(¨:·!%( µΑ1¨῟¨( =·῾-Θ΅-*+ ῟=῟¨µΑ·Γ· (data
augmentation) =(῟(/. ᾿5¨-%5µ¨-µΑ·=+ -!* ·¨µ(/2 ᾿·*5¨∆¨5῾%, 6᾿Γ+ * %·%῟(.!%;* ᾿5¨-
!.-=Γ·, * =·%··%΄2 ·¨µ(/)· ᾿%5%᾿¨µ᾿)· 2 * =(-%΄Γ΄2 ᾿%5%᾿·2-(Γ· %᾿¨∆.-=Γ· Γ+ ·Α%
῟=῾΄µ%!%[11]. ,Α·¨+, -΅Θ·. =∆%5µ6Σ¨·!%( !=Θ·(/Α+ ΅᾿=5῟=(΄µ%!¨·*Κ῾%+ 2 ΅᾿¨῟=(΄µ%!¨-
·*Κ῾%+ !Γ· /%!*΄¨5()·, )-!= ·% =·(-Θ΅1=῾ * ᾿%5¨΅-῾% !Γ· µ=(¨·¨!(/)· labels /%!. !*·
=/᾿%῾῟=΅-* !¨΅ µ¨·!Α·¨΅.

0%!. !*· ῾῟(% !* Η.-* !*+ =/᾿%῾῟=΅-*+, Θ5*-(µ¨᾿¨(¨:·!%( ΜΑ·!(-!¨( %·΄65(1µ¨( Μ=·-
!(-!¨᾿¨῾*-*+ 6᾿Γ+ Adam 2 AdamW[62], =·) ΄(% µ=΄%·:!=5* -!%1=56!*!% =∆%5µ6Σ¨·!%(
!=Θ·(/Α+ 6᾿Γ+ batch normalization, dropout, early stopping /%( learning rate scheduling.
῝!% µ¨·!Α·% transformers, * Θ52-* mixed-precision training -΅µΛ.··=( -!* µ=῾Γ-* !*+
µ·2µ*+ /%( -!*· =᾿(!.Θ΅·-* !*+ =/᾿%῾῟=΅-*+ ΘΓ5῾+ %᾿)·=(% %/5῾Λ=(%+ [56].

Χ !=·(/2 =᾿(·¨΄2 !Γ· ΅᾿=5᾿%5%µΑ!5Γ· (hyperparameters) (᾿.Θ. Τ΅1µ6+ µ.1*-*+ (learn-
ing rate), µΑ΄=1¨+ ᾿%5!῾῟%+ (batch size), %5(1µ6+ -!5Γµ.!Γ· (number of layers» ΄῾·=!%(
-΅·21Γ+ µΑ-Γ =;%·!·*!(/2+ %·%Σ2!*-*+ (grid search) 2 Μ=·!(-!¨᾿¨῾*-*+ Bayes (Bayesian
optimization) ᾿.·Γ -!¨ -:·¨·¨ =᾿(/:5Γ-*+ (validation set), =·) =᾿(᾿·Α¨· %;(¨᾿¨(¨:·!%(
!=Θ·(/Α+ ῟(%-!%΅5¨:µ=·*+ =᾿(/:5Γ-*+ (cross-validation) 6᾿¨΅ !¨ -:·¨·¨ ῟=῟¨µΑ·Γ· !¨ =᾿(-
!5Α᾿=(.

Χ %;(¨·6΄*-* !*+ %᾿6῟¨-*+ ῟=· ᾿=5(¨5῾Σ=!%( -!*· %᾿·2 µΑ!5*-* !*+ %/5῾Λ=(%+ (accu-
racy) 2 !*+ %/5῾Λ=(%+ Ο=!(/)· (precision), %··. ΄῾·=!%( µ= ᾿·25=(+ µ=!5(/Α+ 6᾿Γ+ macro/mi-
cro F1-score, ᾿῾·%/=+ -:΄Θ΅-*+ (confusion matrices) %·. /%!*΄¨5῾%, ROC/AUC (=(῟(/. ΄(%
῟΅%῟(/Α+ =5΄%-῾=+), /%1)+ /%( %·.·΅-* ῟(%µΑ!5¨΅ (calibration analysis) )-!= ·% ῟(%᾿(-
-!)·=!%( * %;(¨᾿(-!῾% !Γ· ᾿5¨Λ·ΑΚ=Γ· [56], [63]. 3᾿(᾿·Α¨·, -= ᾿5¨ΘΓ5*µΑ·=+ µ=·Α!=+, *
%;(¨·6΄*-* ᾿=5(·%µΛ.·=( %·.·΅-* =5µ*·=΅-(µ6!*!%+ (explainability analysis) µ= ¨᾿!(/¨-
᾿¨῾*-* ᾿5¨-¨Θ2+ (attention visualization), %·.·΅-* /¨·!(·6!=5Γ· ΄=(!6·Γ· (nearest neigh-
bor analysis) /%( benchmarking µ= -΅µµ=!¨Θ2 %·15)᾿(·¨΅ ᾿%5.΄¨·!% (human-in-the-loop
benchmarking), 6᾿¨΅ ·¨µ(/¨῾ -΅΄/5῾·¨΅· !(+ ᾿5¨Λ·ΑΚ=(+ µ= ᾿5%΄µ%!(/. ᾿5¨*΄¨:µ=·% [63].

76¨82µ·*6/( 9%῭·).· 65



0=∆.·%(¨ 4. ῭5%/!(/Α+ =∆%5µ¨΄Α+ /%( !=Θ·(/2 ΅·¨᾿¨῾*-*

Ν3·% %᾿6 !% Μ%-(/6!=5% Υ*!¨:µ=·% -!% -΅-!2µ%!% %΅!6µ%!*+ ᾿56Λ·=Κ*+ ῟(/%-!(/)·
%᾿¨∆.-=Γ· =῾·%( * =5µ*·=΅-(µ6!*!% (interpretability) /%( * ῟(%∆.·=(% !Γ· %᾿¨!=·=-µ.!Γ·.
῝!¨ ·¨µ(/6 ᾿=῟῾¨, /%µ῾% ᾿56Λ·=Κ* 6-¨ !=Θ·(/. .5!(% /( %· =῾·%( ῟=· µ᾿¨5=῾ ·% ΅(¨1=!*1=῾
ΘΓ5῾+ ᾿=(-!(/2 /%( !=/µ*5(ΓµΑ·* =;2΄*-* !¨΅ ΄(%!῾ ¨῟*΄*12/%µ= -= %΅!2·. Ε( µ*Θ%·(-
-µ¨῾ =5µ*·=῾%+ %᾿¨/!¨:· /¨µΛ(/6 Τ6·¨ !6-¨ ΄(% !*· %᾿¨῟¨Θ2 !¨΅ -΅-!2µ%!¨+ %᾿6 !¨΅+
Θ52-!=+ (῟(/%-!Α+, ·¨µ(/¨:+, =5=΅·*!Α+), 6-¨ /%( ΄(% !*· %᾿¨∆΅΄2 %/¨:-(Γ· -∆%·µ.!Γ· 2
᾿5¨/%!%·2Κ=Γ·.

῝!% -:΄Θ5¨·% Μ%1(. µ¨·!Α·%, ¨ µ*Θ%·(-µ6+ ᾿5¨-¨Θ2+ (attention mechanism) ·=(!¨΅5-
΄=῾ Γ+ Μ%-(/6 =5΄%·=῾¨ =5µ*·=῾%+. 4Α-Γ ¨᾿!(/¨᾿¨῾*-*+ ᾿5¨-¨Θ2+ (attention visualiza-
tion), ᾿.Θ. µ= Ο=5µ¨Θ.5!=+ (heatmaps), ¨ =5=΅·*!2+ µ᾿¨5=῾ ·% =·!¨᾿῾-=( ᾿¨(% -*µ=῾% !¨΅
/=(µΑ·¨΅ «Μ%5%῾·¨΅·» ᾿=5(--6!=5¨ -!*· %᾿6∆%-* !¨΅ -΅-!2µ%!¨+. 3᾿(᾿·Α¨·, * =∆%5µ¨΄2
!=Θ·(/)· %·.·΅-*+ /¨·!(·6!=5Γ· ΄=(!6·Γ· (nearest neighbor analysis) =᾿(!5Α᾿=( !*· %·.῟=(-
;* ᾿%56µ¨(Γ· ΅᾿¨1Α-=Γ· Μ.-=( %᾿¨-!.-=Γ· =·-Γµ%!)-=Γ· (embedding distances), ῟῾·¨·!%+
᾿5%/!(/. =;2΄*-* µ= Μ.-* ᾿5¨*΄¨:µ=·% (precedent-based explanation) !¨ µ¨·!Α·¨ ῟=῾Θ·=(
-= ᾿¨(=+ ᾿5¨*΄¨:µ=·=+ ᾿=5(᾿!)-=(+ Μ%-῾Σ=( !*· ᾿56Λ·=Κ2 !¨΅ [63].

῭%5.··*·%, -*µ%·!(/6 Τ6·¨ ῟(%῟5%µ%!῾Σ=( * %·.·΅-* (-¨!(µ῾%+ (fairness analysis), ῟*-
·%῟2 * µ=·Α!* ᾿(1%·)· µ=5¨·*Κ()· (biases) -!¨ µ¨·!Α·¨. ,% ·¨µ(/. -:·¨·% ῟=῟¨µΑ·Γ·
(datasets) -΅Θ·. ᾿%5¨΅-(.Σ¨΅· Αµ∆΅!=+ µ=5¨·*Κ῾=+ (inherent bias) (᾿.Θ. /¨(·Γ·(/Α+/᾿¨·(-
!(-µ(/Α+ ῟(%∆¨5Α+, ΅᾿=5=/᾿5¨-)᾿*-* -΅΄/=/5(µΑ·Γ· %᾿¨!=·=-µ.!Γ·). Β(% !*· %·!(µ=!)᾿(-
-* %΅!)· !Γ· /(·῟:·Γ·, =∆%5µ6Σ¨·!%( =5΄%·=῾% =·Α΄Θ¨΅ (-¨!(µ῾%+ (fairness auditing tools),
¨µ%῟¨᾿¨(*µΑ·=+ µ=!5(/Α+ %;(¨·6΄*-*+ (group-specific evaluation metrics), %··. /%( !=Θ·(-
/Α+ %·Γ·΅µ¨᾿¨῾*-*+ ῟=῟¨µΑ·Γ· (data anonymization) /%( %᾿¨µ=56·*Κ*+ (de-biasing) -!*·
᾿5¨=᾿=;=5΄%-῾% [56].

4.3.2 8+/0῝΄( !3Α/΄-*+ =¨5Ο6΄-*+

Χ %·.·΅-* !Γ· =/Λ.-=Γ· ῟(/%-!(/)· ΅᾿¨1Α-=Γ· %᾿¨!=·=῾ Μ%-(/6 =5΄%·=῾¨ %;(¨·6΄*-*+
-΅-!*µ.!Γ· !=Θ·*!2+ ·¨*µ¨-:·*+ -!¨ ῟῾/%(¨ /%( !%΅!6Θ5¨·% ᾿5¨-∆Α5=( Μ%1:!=5* /%!%·6*-
-* !*+ ῾῟(%+ !*+ ·¨µ(/2+ ῟(%῟(/%-῾%+. Χ Α/Λ%-* /.1= ΅᾿61=-*+ ῟=· =῾·%( %᾿·)+ µ(% ῟΅%῟(-
/2 =᾿(·¨΄2, %··. !¨ %᾿¨!Α·=-µ% µ(%+ -:·1=!*+ -΅··¨΄(-!(/2+ ᾿¨΅ Μ%-῾Σ=!%( -= ᾿5%΄µ%!(/.
᾿=5(-!%!(/., =∆%5µ¨Σ6µ=·% .515%, ·¨µ¨·¨΄(%/Α+ ᾿%5%῟6-=(+ /%( -΅Θ·. ᾿¨·(!(-µ(/¨:+ 2
/¨(·Γ·(/¨:+ ᾿%5.΄¨·!=+[56][60].

῝= !=Θ·(/6 =᾿῾᾿=῟¨, * %·.·΅-* =/Λ.-=Γ· ;=/(·. µ= !*· =;%΄Γ΄2 /%( /%·¨·(/¨᾿¨῾*-*
!Γ· %᾿¨!=·=-µ.!Γ· %᾿6 !% %/%!Α5΄%-!% ῟=῟¨µΑ·%. ,% labels =µ∆%·῾Σ¨·!%( -΅·21Γ+ -= µ*
¨µ¨(¨΄=·2 µ¨5∆2 /%( %᾿%(!=῾!%( =;%!¨µ(/=΅µΑ·* Θ%5!¨΄5.∆*-*, -΅·῟΅.Σ¨·!%+ /%·6·=+ /%(
!=Θ·(/Α+ µ*Θ%·(/2+ µ.1*-*+, µ= !* -΅µΛ¨·2 ·¨µ(/)· ΄(% !* ῟(651Γ-* %µ∆(·=΄6µ=·Γ· 2
%-%∆)· ᾿=5(᾿!)-=Γ·[56]. 0%!6᾿(·, !% -:΄Θ5¨·% ΅᾿¨·¨΄(-!(/. µ¨·!Α·% (6᾿Γ+ transform-
ers, graph neural networks, ΅Λ5(῟(/Α+ %5Θ(!=/!¨·(/Α+) ᾿%5ΑΘ¨΅· !6-¨ !*· !=·(/2 ᾿56Λ·=Κ*
6-¨ /%( ᾿(1%·¨!(/Α+ =;6῟¨΅+ ΄(% /.1= /%!*΄¨5῾%. 9΅!Α+ ¨( Α;¨῟¨( ΅∆῾-!%·!%( ῟(%/5῾ΛΓ-*
(calibration) µ= !=Θ·(/Α+ 6᾿Γ+ Platt scaling 2 isotonic regression, ῟(%-∆%·῾Σ¨·!%+ 6!( ¨(
᾿5¨Λ·=᾿6µ=·=+ ᾿(1%·6!*!=+ %·!%᾿¨/5῾·¨·!%( -!(+ ᾿5%΄µ%!(/Α+ -΅Θ·6!*!=+ =᾿(!΅Θ῾%+[63]. Χ
᾿¨-¨!(/¨᾿¨῾*-* /%( * ῟(%Θ=῾5(-* !*+ %Λ=Λ%(6!*!%+ (uncertainty quantification) ᾿%5%µΑ·¨΅·
/5῾-(µ=+ !6-¨ ΄(% !*· =5µ*·=΅-(µ6!*!% 6-¨ /%( ΄(% !*· %᾿¨῟¨Θ2 !Γ· %᾿¨!=·=-µ.!Γ· -!*·
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4.3.3 4=!5(/Α+ 9;(¨·6΄*-*+ /%( 9᾿¨!=·Α-µ%!%

᾿5.;*.
῝= ᾿¨··. ·¨µ(/. -:·¨·% ῟=῟¨µΑ·Γ· %᾿%(!=῾!%( * !%΅!6Θ5¨·* ᾿56Λ·=Κ* ᾿¨··%᾿·)· =/-

Μ.-=Γ· (6᾿Γ+ ΄(% ῟(%∆¨5=!(/. .515% 2 ΄(% ᾿¨··¨:+ =·%΄6µ=·¨΅+), ΄=΄¨·6+ ᾿¨΅ /%1(-!.
%᾿%5%῾!*!* !* Θ52-* ᾿¨·΅/%!*΄¨5(/)· µ¨·!Α·Γ· (multi-label transformers, graph-based
models) /%( !=Θ·(/)· !%΅!6Θ5¨·*+ Μ=·!(-!¨᾿¨῾*-*+ (joint optimization) /%( =;(-¨556᾿*-*+
%᾿Γ·=()· (loss balancing)[11]. Χ ¨512 %·!(µ=!)᾿(-* ᾿¨·΅/%!*΄¨5(/)· /%( %-%∆)· =/Λ.-=-
Γ· =·(-Θ:=( !*· %;(¨᾿(-!῾% /%( !*· ᾿5%/!(/2 %;῾% !Γ· -΅-!*µ.!Γ· ᾿56Λ·=Κ*+.

Χ -΅΄/5(!(/2 %·.·΅-* =/Λ.-=Γ· -= ῟(%∆¨5=!(/Α+ ῟(/%(¨῟¨-῾=+ /%( ·¨µ(/. -:·¨·% ῟=-
῟¨µΑ·Γ· %·%῟=(/·:=( !* µ=΄.·* ᾿56/·*-* !*+ ΄=·(/=΅-(µ6!*!%+ (generalization) /%( !*· %-
·.΄/* ΄(% !=Θ·(/Α+ ᾿5¨-%5µ¨΄2+ ᾿=῟῾¨΅ (domain adaptation) /%( µ=!%∆¨5.+ ΄·)-*+. 0.1=
῟(/%-!(/6 -:-!*µ% =·-Γµ%!)·=( (῟(%(!=56!*!=+ ᾿¨΅ ῟=· %᾿¨!΅᾿)·¨·!%( ᾿.·!% Γ+ -!%!(-!(-
/. µ¨!῾Λ%, /%1(-!)·!%+ %·%΄/%῾% !*· ᾿5¨-%5µ¨΄2 /%( !¨· =᾿%·%-Θ=῟(%-µ6 !Γ· µ¨·!Α·Γ·
%·.·¨΄% µ= !¨ =/.-!¨!= ·¨µ(/6 /%( ᾿¨·(!(-µ(/6 ᾿·%῾-(¨[56][60][63].

Χ =5µ*·=΅-(µ6!*!%, * ῟(%∆.·=(% /%( * ῟(=᾿(-!*µ¨·(/2 -΅·=5΄%-῾% ᾿%5%µΑ·¨΅· Μ%-(-
/Α+ ᾿5¨Ι᾿¨1Α-=(+ ΄(% !* ·=(!¨΅5΄῾% !Γ· -΅-!*µ.!Γ· !=Θ·*!2+ ·¨*µ¨-:·*+ Γ+ %;(6᾿(-!Γ·
=5΄%·=῾Γ· -!¨· Θ)5¨ !¨΅ ῟(/%῾¨΅.

4.3.3 ,-)%236Κ 8Θ250Μ.(΄(Κ 3·2 8¨5)-06΄µ·)·

Χ %᾿¨!῾µ*-* !*+ %᾿6῟¨-*+ !Γ· -΅-!*µ.!Γ· ᾿56Λ·=Κ*+ ῟(/%-!(/)· %᾿¨∆.-=Γ· %᾿¨!=·=῾
/5῾-(µ¨ -!.῟(¨ ΄(% !*· =᾿(-!*µ¨·(/2 !=/µ*5῾Γ-*, !* ·¨µ(/2 %;(¨᾿(-!῾% /%( !*· /¨(·Γ·(/2
%᾿¨῟¨Θ2 !Γ· =∆%5µ¨΄)· !=Θ·*!2+ ·¨*µ¨-:·*+ -!¨· Θ)5¨ !¨΅ ῟(/%῾¨΅. Χ =᾿(·¨΄2 !Γ· µ=!5(-
/)· %;(¨·6΄*-*+ ῟=· =῾·%( ¨΅῟Α!=5* : =᾿*5=.Σ=( !¨ ᾿)+ =5µ*·=:¨·!%( !% %᾿¨!=·Α-µ%!% /%(
᾿¨(% -΅µ᾿=5.-µ%!% ᾿5¨/:᾿!¨΅· Γ+ Α΄/΅5% -= /.1= ·¨µ(/6 ᾿=5(Λ.··¨·. 3᾿(᾿·Α¨·, ¨( ῾῟(=+
¨( µ=!5(/Α+ ΗΑ5¨΅· =΄΄=·=῾+ ᾿=5(¨5(-µ¨:+ Γ+ ᾿5¨+ !*· (/%·6!*!. !¨΅+ ·% %᾿¨!΅᾿)·¨΅· !*·
᾿¨·΅᾿·¨/6!*!% /%( !*· *1(/2 ῟(.-!%-* !Γ· ·¨µ(/)· %᾿¨∆.-=Γ·.

Ε( Μ%-(/Α+ µ=!5(/Α+ ᾿=5(·%µΛ.·¨΅· :

• 83%΅Α-2· (accuracy): ῭¨-¨-!6 ¨51)· ᾿5¨Λ·ΑΚ=Γ· -!¨ -:·¨·¨ !Γ· ᾿%5%῟=(΄µ.!Γ·. 9·
/%( ῟*µ¨∆(·2+, * %/5῾Λ=(% ΅᾿¨!(µ. !% ᾿5¨Λ·2µ%!% /·.-=Γ· µ= %·(-655¨᾿* /%!%·¨µ2,
(῟῾Γ+ -= datasets 6᾿¨΅ * ᾿·=(¨Κ*∆῾% !Γ· %᾿¨∆.-=Γ· =῾·%( ᾿%5%Λ῾%-* 2 Α·¨Θ¨+ ([56],
[11]).

• 8+/30(΄( (recall): ῭¨-¨-!6 !Γ· ᾿5%΄µ%!(/. Ο=!(/)· ᾿=5(᾿!)-=Γ· ᾿¨΅ ᾿5¨Λ·Α∆1*-
/%· -Γ-!.. 3῾·%( /5῾-(µ* 6!%· ΑΘ=( -*µ%-῾% ·% =·!¨᾿(-!¨:· 6·=+ ¨( ᾿%5%Λ(.-=(+, %/6µ*
/%( %· ΄῾·¨·!%( /.᾿¨(% -∆.·µ%!%.

• !῝΄)5Λ΅· (precision): ῭¨-¨-!6 !Γ· Ο=!(/)· ᾿5¨Λ·ΑΚ=Γ· ᾿¨΅ 2!%· -Γ-!Α+. 8῟(%῾!=5%
-*µ%·!(/2 6!%· * ·%·1%-µΑ·* =᾿(-2µ%·-* (᾿.Θ. Α·¨Θ¨+ -= %1)¨) ΑΘ=( ΅Κ*·6 /6-!¨+.

• F1-score: Ε %5µ¨·(/6+ µΑ-¨+ 65¨+ %·./·*-*+ /%( =΅-!¨Θ῾%+, ᾿¨΅ =;(-¨55¨᾿=῾ !(+ ῟:¨
µ=!5(/Α+ -= -=·.5(% µ= %·(-¨Λ%5=῾+ /·.-=(+.

• Macro-F1 / Micro-F1:

– Macro-F1 ῟῾·=( ῾-¨ Μ.5¨+ -= /.1= /%!*΄¨5῾%, /%!.··*·¨ ΄(% µ=·Α!* µ=(¨·¨!(/)·
=/Λ.-=Γ·.

76¨82µ·*6/( 9%῭·).· 67



0=∆.·%(¨ 4. ῭5%/!(/Α+ =∆%5µ¨΄Α+ /%( !=Θ·(/2 ΅·¨᾿¨῾*-*

– Micro-F1 ΅᾿¨·¨΄῾Σ=!%( -΅·¨·(/., ῟῾·=( Αµ∆%-* -!(+ ᾿·=(¨Κ*∆(/Α+ /·.-=(+.

῝= ᾿¨·΅=!(/=!(/Α+ =5΄%-῾=+ (multi-label classification), 6᾿Γ+ * ᾿56Λ·=Κ* !%΅!6Θ5¨·Γ·
᾿%5%Λ(.-=Γ· -= ΅᾿¨1Α-=(+ !¨΅ 3΅5Γ᾿%Π/¨: 7(/%-!*5῾¨΅ 7(/%(Γµ.!Γ· !¨΅ 9·15)᾿¨΅[64], *
%;(¨·6΄*-* !*+ %᾿6῟¨-*+ Μ%-῾Σ=!%( -= µ(% -=(5. =;=(῟(/=΅µΑ·Γ· µ=!5(/)·. Ε Hamming loss
=/∆5.Σ=( !¨ ᾿¨-¨-!6 !Γ· =!(/=!)· (labels) ᾿¨΅ %᾿¨῟῾῟¨·!%( ·%·1%-µΑ·% -= /.1= =΄΄5%∆2, µ=
Θ%µ*·6!=5=+ !(µΑ+ ·% ΅᾿¨῟*·)·¨΅· /%·:!=5* %᾿6῟¨-* !¨΅ -΅-!2µ%!¨+. Χ %/5(Λ2+ !%:!(-*
(exact match) 2 /¨(·2 %/5῾Λ=(% (joint accuracy) µ=!5. !¨ ᾿¨-¨-!6 !Γ· ᾿=5(᾿!)-=Γ· 6᾿¨΅ 6·%
!% ·%Λ=·+ ᾿5¨Λ·Α∆1*/%· -Γ-!., ᾿%5ΑΘ¨·!%+ µ(% %΅-!*52 %··. %·!(᾿5¨-Γ᾿=΅!(/2 =/!῾µ*-*
!*+ -΅·¨·(/2+ =᾿῾῟¨-*+. ῭%5.··*·%, ¨( µ=!5(/Α+ ROC-AUC (Ψ=+=(=5 Ε᾿=5%!(·΄ `%5%+!=5(-
-!(+) /%( PR-AUC (῭5=+(-(¨·-Ψ=+%··) %᾿¨῟=(/·:¨·!%( (῟(%῾!=5% Θ52-(µ=+ -= /%!%-!.-=(+ µ=
᾿=5(¨5(-µΑ·¨ %5(1µ6 Ο=!(/)· /%!*΄¨5()·, /%1)+ %;(¨·¨΄¨:· !*· (/%·6!*!% !¨΅ µ¨·!Α·¨΅ ·%
῟(%ΘΓ5῾Σ=( %᾿¨!=·=-µ%!(/. !(+ ῟(.∆¨5=+ /·.-=(+. Ε -΅·!=·=-!2+ -΅-ΘΑ!(-*+ !¨΅ 4%!!*=Γ+
(Matthews Correlation Coe!cient, MCC) %᾿¨!=·=῾ µ(% (-¨55¨᾿*µΑ·* µ=!5(/2 %/6µ* /%(
-= ᾿=5(Λ.··¨·!% µ= -*µ%·!(/2 %·(-¨55¨᾿῾% µ=!%;: !Γ· /%!*΄¨5()·. ,Α·¨+, -*µ%·!(/6 Τ6·¨
῟(%῟5%µ%!῾Σ¨΅· /%( ¨( µΑ1¨῟¨( Μ%1µ¨·6µ*-*+ /%( %;(¨᾿(-!῾%+ (calibration), ῟(%-∆%·῾Σ¨·!%+
6!( ¨( ᾿5¨Λ·=᾿6µ=·=+ ᾿(1%·6!*!=+ %·!(/%!¨᾿!5῾Σ¨΅· µ= %/5῾Λ=(% !% ᾿5%΄µ%!(/. ᾿¨-¨-!.
=᾿(!΅Θ῾%+.

Ν3·% /5῾-(µ¨, -΅Θ·. ΅᾿¨!(µ*µΑ·¨ -!¨(Θ=῾¨, =῾·%( * Μ%1µ¨·6µ*-* !Γ· ᾿(1%·¨!2!Γ· (cal-
ibration) ᾿¨΅ %᾿¨῟῾῟=( !¨ µ¨·!Α·¨. ῝΅Θ·. !% µ¨·!Α·% ῟=῾Θ·¨΅· ΅Κ*·2 %/5῾Λ=(% %··. *
Μ=Λ%(6!*!. !¨΅+ =῾·%( Κ=΅῟2+ — Α·% Η%(·6µ=·¨ ᾿¨΅ ΑΘ=( !=5.-!(% -*µ%-῾% -= ·¨µ(/. ᾿=-
Τ(Λ.··¨·!%, 6᾿¨΅ * %;(¨᾿(-!῾% !*+ %᾿6∆%-*+ ᾿5Α᾿=( ·% !=/µ*5()·=!%(. Ζ%5%/!*5(-!(/Α+
!=Θ·(/Α+ 6᾿Γ+ reliability diagrams /%( expected calibration error (ECE) =∆%5µ6Σ¨·!%( -=
[63], %·%῟=(/·:¨·!%+ !¨ ᾿6-¨ ΅᾿=5-(΄¨΅5% 2 %ΛΑΛ%(% =῾·%( !% µ¨·!Α·% -!*· ᾿5.;*.

Χ =᾿(-!*µ¨·(/2 ·¨΄¨῟¨-῾% (scientific accountability) %᾿%(!=῾ !* -΅·=Θ2 ᾿%5%/¨·¨:1*-
-* /%( %·%∆¨5. !Γ· failure cases, ῟*·%῟2 =/=῾·Γ· !Γ· ᾿5¨Λ·ΑΚ=Γ· ᾿¨΅ ¨῟*΄¨:· -= =·!=·)+
=-∆%·µΑ·% %᾿¨!=·Α-µ%!%. ΝΕ᾿Γ+ Η%῾·=!%( -= [54], !Α!¨(=+ ᾿=5(᾿!)-=(+ %∆¨5¨:· -΅Θ·. ΅᾿¨-
ΟΑ-=(+ µ= ᾿¨·:᾿·¨/¨ ·¨µ(/6 ᾿·%῾-(¨, %-%∆2 ᾿5%΄µ%!(/. ᾿=5(-!%!(/. 2 %-΅·21(-!=+ ·¨µ(/Α+
/%!%·2;=(+.

Ζ%5%/!*5(-!(/. ᾿%5%῟=῾΄µ%!% =∆%5µ¨΄2+ !Γ· ᾿%5%᾿.·Γ µ=!5(/)· /%( !=Θ·(/)· =·!¨-
᾿῾Σ¨·!%( -= ῟(=1·2 -:·¨·% ῟=῟¨µΑ·Γ· /%( ·¨µ(/Α+ ῟(/%(¨῟¨-῾=+, /%!%῟=(/·:¨·!%+ !6-¨ !*·
᾿56¨῟¨ 6-¨ /%( !(+ %·¨(Θ!Α+ ᾿5¨/·2-=(+ -!¨· Θ)5¨. ῝!¨ Chinese Supreme Court Dataset, *
Θ52-* Μ%1()· ·=΅5Γ·(/)· ῟(/!:Γ· µ= =·-Γµ%!)-=(+ !:᾿¨΅ BERT ¨῟2΄*-= -= ΅Κ*·Α+ !(µΑ+
macro-F1, Γ-!6-¨ * /¨(·2 %/5῾Λ=(% (joint accuracy) ᾿%5Αµ=(·= Θ%µ*·2, %·%῟=(/·:¨·!%+ !%
65(% !Γ· -*µ=5(·)· µ=16῟Γ· -= ᾿·25* ᾿¨·΅/%!*΄¨5(/2 ᾿56Λ·=Κ* [11]. ῝!¨ Indian Legal
Dataset, ῟(%᾿(-!)1*/= 6!( * /%1%56!*!% !Γ· =!(/=!)· =᾿*5=.Σ=( Α·!¨·% !*· %;(¨᾿(-!῾% /%(
!* ΄=·(/=΅-(µ6!*!% !Γ· µ¨·!Α·Γ·, ΅᾿¨΄5%µµ῾Σ¨·!%+ !* -*µ%-῾% !*+ =᾿(µ=·¨:+ =᾿(µΑ·=(%+
῟=῟¨µΑ·Γ· (data curation) [60]. 9·!῾-!¨(Θ%, -!¨ -:·¨·¨ ῟=῟¨µΑ·Γ· !¨΅ ῝΅µΛ¨΅·῾¨΅ !*+ 3΅-
Τ)᾿*+ (Council of Europe corpus), * =∆%5µ¨΄2 µ¨·!Α·Γ· 6᾿Γ+ !¨ Legal-BERT Μ=·!῾Γ-=
!*· %᾿6῟¨-* -= ῟=῾/!=+ 6᾿Γ+ !¨ F1, %··. µ=῾Γ-= !* Μ%1µ¨·6µ*-* (calibration), ΄=΄¨·6+
᾿¨΅ =·!=῾·=( !(+ %·*-΅Θ῾=+ ΄(% !*· =5µ*·=΅-(µ6!*!% (interpretability) !Γ· %᾿¨!=·=-µ.!Γ·.
Χ Α5=΅·% -= ·Α=+ ῟(/%(¨῟¨-῾=+, 6᾿Γ+ !¨ ·¨µ(/6 -:-!*µ% !*+ ,¨΅5/῾%+, =᾿(Λ=Λ%()·=( !*·
᾿5¨-%5µ¨-!(/6!*!% !Γ· -:΄Θ5¨·Γ· µ=16῟Γ·, %··. /%( !(+ (῟(%῾!=5=+ ᾿5¨/·2-=(+ ᾿¨΅ ᾿5¨-
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4.4 Ν3;΅᾿·% 7(/%-!25(% /%( ῝΅-!2µ%!% [*∆(%/2+ 7(/%(¨-:·*+

/:᾿!¨΅· %᾿6 !* ῟(%∆¨5=!(/6!*!% !Γ· ῟(/%-!*5῾Γ· /%( !* Η:-* !Γ· ΅᾿¨1Α-=Γ·. ῝= %΅!2 !*
µ=·Α!*, deep learning µ¨·!Α·% 6᾿Γ+ !% LSTM / BiLSTM µ= µ*Θ%·(-µ6 attention =᾿Α῟=(;%·
΅Κ*·2 %᾿¨!=·=-µ%!(/6!*!%, µ= !*· %᾿6῟¨-* ·% =;%5!.!%( %∆=·6+ %᾿6 !* ῟¨µ2 !¨΅ ῟(/%-!*-
Τ῾¨΅ /%( %∆=!Α5¨΅ %᾿6 !*· ᾿¨·΅᾿·¨/6!*!% !Γ· ΅᾿¨1Α-=Γ· [57].

῭Α5%· !*+ =᾿(·¨΄2+ µ=!5(/)· /%( µ=16῟Γ· %;(¨·6΄*-*+, * ᾿56-∆%!* Μ(Λ·(¨΄5%∆῾% %-
·%῟=(/·:=( !* -*µ%-῾% !*+ ΄·Γ--(/2+ /%( Ο=µ%!(/2+ =;=(῟῾/=΅-*+ !Γ· µ¨·!Α·Γ·. 4=·Α!=+
6᾿Γ+ %΅!2 !¨΅ BERTimbau %᾿¨῟=(/·:¨΅· 6!( µ¨·¨΄·Γ--(/. µ¨·!Α·%, ᾿5¨=/᾿%(῟=΅µΑ·% -=
!¨᾿(/. ῟=῟¨µΑ·%, ΅᾿=5ΑΘ¨΅· !Γ· ΄=·(/)· ᾿¨·΅΄·Γ--(/)· ᾿5¨-=΄΄῾-=Γ· !6-¨ -!* ῟(%Θ=῾5(-*
!*+ ·¨µ(/2+ ¨5¨·¨΄῾%+ 6-¨ /%( -!* -΅·¨·(/2 %᾿6῟¨-* [51]. 3᾿(᾿56-1=!%, * =µ∆.·(-* ᾿¨-
·΅῟(.-!%!Γ· benchmarks 6᾿Γ+ !¨ [5] µ=!%!¨᾿῾Σ=( !¨ =·῟(%∆Α5¨· %᾿6 !(+ /·%-(/Α+ µ=!5(/Α+
᾿5¨+ ᾿(¨ -:·1=!% -=·.5(% %;(¨·6΄*-*+, !% ¨᾿¨῾% ᾿=5(·%µΛ.·¨΅· 6Θ( µ6·¨ !*· %·./!*-*
᾿·*5¨∆¨5()· /%( .515Γ·, %··. /%( !* -:·1=-*, !=/µ*5῾Γ-* /%( %·.·΅-* ᾿·25Γ· ·¨µ(/)·
%᾿%·!2-=Γ· [5]. ῭%5. !*· ᾿56¨῟¨, ¨( µ=·Α!=+ /%!%῟=(/·:¨΅· 6!( !% LLMs ᾿%5¨΅-(.Σ¨΅·
%;(¨-*µ=῾Γ!% /=·. -!* ·¨µ(/2 %·.·΅-* -΅΄/5(!(/. µ= !¨΅+ /%·:!=5¨΅+ %·15)᾿(·¨΅+ %;(¨-
·¨΄*!Α+, ΄=΄¨·6+ ᾿¨΅ %·%῟=(/·:=( !* ῟(%5/2 %·.΄/* ΄(% =5µ*·=΅-(µ6!*!% (explainability)
/%( %·15)᾿(·* =᾿῾Λ·=Κ*.

Ε( µ=!5(/Α+ %᾿6 µ6·=+ !¨΅+ ῟=· =᾿%5/¨:· ΄(% !*· %;(¨·6΄*-* !Γ· -΅-!*µ.!Γ· ᾿56Λ·=-
Κ*+ ῟(/%-!(/)· %᾿¨∆.-=Γ·. ,¨ Υ*!¨:µ=·¨ ῟=· =῾·%( µ6·¨ * !=Θ·(/2 %᾿6῟¨-*, %··. /%( ¨
Μ%1µ6+ %᾿¨῟¨Θ2+ !¨΅+ %᾿6 !¨ ·¨µ(/6 -)µ% /%( !*· /¨(·Γ·῾%. Χ %/5῾Λ=(% Θ5=(.Σ=!%( ·% -΅·-
῟΅.Σ=!%( µ= =5µ*·=΅-(µ6!*!%, =·) * %·./·*-* ῟=· %᾿¨/!. %;῾% %· ῟=· ΅᾿.5Θ=( =µ᾿(-!¨-:·*
-!¨΅+ µ*Θ%·(-µ¨:+ ·¨΄(/2+ =;%΄Γ΄2+ !*+ %᾿6∆%-*+. Χ -:΄Θ5¨·* =5=΅·*!(/2 ᾿5¨-Α΄΄(-*
-!5Α∆=!%( ᾿·Α¨· -= ΅Λ5(῟(/. -Θ2µ%!% %;(¨·6΄*-*+ ᾿¨΅ -΅·῟΅.Σ¨΅· !΅᾿(/Α+ µ=!5(/Α+, Μ%1-
µ¨·6µ*-*, %·%·:-=(+ %᾿¨!΅Θ*µΑ·Γ· ᾿=5(᾿!)-=Γ· (failure case inspection) /%( %·15)᾿(·*
=᾿(Λ=Λ%῾Γ-* (human-in-the-loop).

Χ ῟(=1·2+ Μ(Λ·(¨΄5%∆῾% /%!%῟=(/·:=( 6!(, ᾿%5. !(+ Μ=·!()-=(+ -!(+ ᾿¨-¨!(/Α+ µ=!52-=(+,
!% ᾿(¨ =;=·(΄µΑ·% µ¨·!Α·% -΅Θ·. ΅-!=5¨:· -= ῟(%∆.·=(% /%( /¨(·Γ·(/2 %᾿¨῟¨Θ2 (῟῾Γ+ -=
᾿=5(Λ.··¨·!% 6᾿¨΅ ¨( %᾿¨∆.-=(+ ΗΑ5¨΅· -*µ%·!(/6 ·¨µ(/6 /%( /¨(·Γ·(/6 Μ.5¨+[65][39]. Χ
=·-Γµ.!Γ-* =·%··%/!(/)· ῟=(/!)·, 6᾿Γ+ * -΅-!*µ(/2 =5µ*·=΅-(µ6!*!% /%( * calibration
!Γ· ᾿(1%·¨!2!Γ·, /%1῾-!%!%( %·%΄/%῾% ΄(% !*· ¨΅-(%-!(/2 =᾿(Θ=(5*-(%/2 =∆%5µ¨΄2 !Α!¨(Γ·
-΅-!*µ.!Γ·.

῝΅·¨·(/., * ᾿56¨῟¨+ -!¨· !¨µΑ% !*+ ᾿56Λ·=Κ*+ ῟(/%-!(/)· %᾿¨∆.-=Γ· ῟=· =;%5!.!%(
µ6·¨ %᾿6 !*· !=Θ·¨·¨΄(/2 ΅᾿=5¨Θ2 !¨΅ µ¨·!Α·¨΅, %··. /%( %᾿6 !*· ᾿¨(6!*!% /%( !*· ᾿·*-
Τ6!*!% !Γ· %;(¨·¨΄*!(/)· µ*Θ%·(-µ)· ᾿¨΅ !¨ ᾿·%(-()·¨΅·. Χ ῟(%µ65∆Γ-* =·6+ ᾿¨·΅῟(-
.-!%!¨΅, =·(%῾¨΅ ᾿·%(-῾¨΅ %;(¨·6΄*-*+ ᾿%5%µΑ·=( Υ*!¨:µ=·¨ ΄(% !*· Α5=΅·% /%( Ο=µΑ·(¨
΄(% !* µ=··¨·!(/2 =·-Γµ.!Γ-* %΅!)· !Γ· =5΄%·=῾Γ· -!*· %᾿¨·¨µ2 !*+ ῟(/%(¨-:·*+.

4.4 Τ!Θ῝¨+· 723·΄)Ν%2· 3·2 Β῝΄)Νµ·)· Γ(Π2·3ΝΚ 723·25΄Χ+(Κ

,% Α;΅᾿·% ῟(/%-!25(% -΅·(-!¨:· µ(% -:΄Θ5¨·* %5Θ(!=/!¨·(/2 ᾿%5ΑµΛ%-* -!* ·=(!¨΅5΄῾%
!*+ ῟(/%(¨-:·*+, 6᾿¨΅ !=Θ·¨·¨΄῾=+ 6᾿Γ+ * !=Θ·*!2 ·¨*µ¨-:·*, !% µ=΄.·% ΄·Γ--(/. µ¨·!Α·%,
!¨ blockchain, ¨( Κ*∆(%/Α+ !%΅!6!*!=+ /%( !% -΅·=5΄%!(/. -΅-!2µ%!% =·-Γµ%!)·¨·!%( -!*
῟(%῟(/%-῾% %᾿¨·¨µ2+ !¨΅ ῟(/%῾¨΅[66]. ῝!6Θ¨+ ῟=· =῾·%( µ6·¨ * =᾿(!.Θ΅·-* !Γ· ῟(%῟(/%-()·
2 * %᾿¨∆65!(-* !¨΅ ῟(¨(/*!(/¨: Α5΄¨΅ !Γ· ῟(/%-!*5῾Γ·, %··. * Τ(Σ(/2 %·%῟(%µ65∆Γ-* !*+
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-ΘΑ-*+ ᾿¨·῾!*–῟(/%(¨-:·*+ µΑ-Γ ῟(%∆.·=(%+, ᾿56-Λ%-*+ /%( ·¨΄¨῟¨-῾%+.

Χ ᾿(¨ -΅-!*µ%!(/2 ΅·¨᾿¨῾*-* %΅!2+ !*+ Η(·¨-¨∆῾%+ -΅·%·!.!%( -!*· 0῾·%, 6᾿¨΅ !¨
9·)!%!¨ Ω%Π/6 7(/%-!25(¨ ΑΘ=( Ο=-᾿῾-=( !¨ =1·(/6 Smart Court System, -΅·῟΅.Σ¨·!%+ *-
·=/!5¨·(/2 /%!.1=-*, %΅!¨µ%!¨᾿¨(*µΑ·* =;%΄Γ΄2 ῟=῟¨µΑ·Γ·, ᾿56Λ·=Κ* %᾿¨∆.-=Γ· /%(
᾿%5%΄Γ΄2 ᾿5¨-Θ=῟῾Γ· µ= Θ52-* =5΄%·=῾Γ· NLP /%( /%·6·Γ· Μ%-(-µΑ·Γ· -= ῟=῟¨µΑ·% (data-
driven rule-based systems) [67]. ῭%5.··*·%, .··=+ Θ)5=+ ΅(¨1=!¨:· ῟(%∆¨5=!(/Α+ =/῟¨ΘΑ+
Κ*∆(%/2+ ῟(/%(¨-:·*+, 6᾿Γ+ * Θ52-* blockchain ΄(% !* ῟(%-∆.·(-* !*+ %/=5%(6!*!%+ %-
᾿¨῟=(/!(/)· -!¨(Θ=῾Γ· -!*· Ε΅/5%·῾% [68], 2 !% ΅Λ5(῟(/. e-courts -!*· 8·῟¨·*-῾%, ᾿¨΅
=᾿(/=·!5)·¨·!%( -!*· ᾿5¨-Λ%-(µ6!*!% /%( !*· =; %᾿¨-!.-=Γ+ -΅µµ=!¨Θ2 !Γ· ῟(%῟῾/Γ· [69].

Χ ᾿%·῟*µ῾% COVID-19 =᾿(!.Θ΅·= ῟5%µ%!(/. !* µ=!.Λ%-*, µ= ᾿·21¨+ ῟(/%-!*5῾Γ· ῟(=-
Ο·)+ ·% ΅(¨1=!¨:· ᾿·%!∆65µ=+ !*·=῟(%-/ΑΚ=Γ·, Κ*∆(%/Α+ /%!%1Α-=(+ /%( %᾿¨µ%/5΅-µΑ·=+
%/5¨.-=(+, µ=!%Λ.··¨·!%+ !%΅!6Θ5¨·% !6-¨ !(+ ῟(%῟(/%-!(/Α+ ᾿5%/!(/Α+ 6-¨ /%( !*· ῾῟(% !*
Η΅-(¨΄·Γµ῾% !*+ ῟(/%-!(/2+ ῟(%῟(/%-῾%+ [70]. ῎-!6-¨, ¨( !=Θ·¨·¨΄(/Α+ %΅!Α+ ·:-=(+ %·%῟=(-
/·:¨΅· /%( ·Α=+ ᾿5¨/·2-=(+ : ¨ /῾·῟΅·¨+ %῟(%∆%·¨:+ %΅!¨µ%!(-µ¨:, * %·.΄/* ΄(% =5µ*·=΅-
-(µ6!*!% /%( ῟(%∆.·=(%, ¨( /¨(·Γ·(/Α+ %·(-6!*!=+ -!*· ᾿56-Λ%-*, /%1)+ /%( * ᾿5¨-!%-῾%
!Γ· Ο=µ=·(Γ῟)· ῟(/%(Γµ.!Γ·.

0=·!5(/6 ῟(%/:Λ=΅µ% ᾿%5%µΑ·=( * (-¨55¨᾿῾% %·.µ=-% -!*· !=Θ·¨·¨΄(/2 /%(·¨!¨µ῾% /%(
!* Ο=-µ(/2 ·¨µ(µ¨᾿¨῾*-*. Χ =(-%΄Γ΄2 !=Θ·*!2+ ·¨*µ¨-:·*+, %΅!¨µ%!¨᾿¨(*µΑ·Γ· -΅-!*-
µ.!Γ· %·.·΅-*+ /%( Κ*∆(%/)· !%΅!¨!2!Γ· µ᾿¨5=῾ ·% Μ=·!()-=( -*µ%·!(/. !*· %᾿¨῟¨!(-
/6!*!% /%( !* -΅·Α᾿=(%, 6µΓ+ µ6·¨ ΅᾿6 !*· ᾿5¨Ι᾿61=-* !*+ :᾿%5;*+ -%∆)· µ*Θ%·(-µ)·
=·Α΄Θ¨΅, ·¨΄¨῟¨-῾%+ /%( =᾿%·=;Α!%-*+. Χ ῟(=1·2+ =µ᾿=(5῾% ῟=῾Θ·=( 6!( * =᾿(!΅Θ῾% !Γ· Α;΅-
᾿·Γ· ῟(/%-!*5῾Γ· /5῾·=!%( !=·(/. %᾿6 !* ῟(%-!%:5Γ-* !=Θ·¨·¨΄(/2+ %᾿¨!=·=-µ%!(/6!*!%+
/%( Ο=-µ(/2+ =΄/΅56!*!%+ [12][66].

4.4.1 Retrieval-Augmented Generation ΄- ᾿5µ23/ Φ-%2Α/005+)·

ΝΕ᾿Γ+ ᾿%5¨΅-(.-!*/= %·%·΅!(/. -!*· =·6!*!% 4.1, * %5Θ(!=/!¨·(/2 Retrieval-Augmented
Generation (RAG) %᾿¨!=·=῾ µ῾% -΅·῟΅%-!(/2 ᾿5¨-Α΄΄(-* ᾿¨΅ %;(¨᾿¨(=῾ !%΅!6Θ5¨·% !=Θ·(/Α+
%·./!*-*+ ᾿·*5¨∆¨5῾%+ (retrieval) /%( ᾿%5%΄Γ΄2+ %᾿%·!2-=Γ· (generation) µΑ-Γ 4=΄.·Γ·
Β·Γ--(/)· 4¨·!Α·Γ·. ῭(¨ -΅΄/=/5(µΑ·%, !% -΅-!2µ%!% RAG %·%Σ*!¨:· -Θ=!(/. ·¨µ(/.
!=/µ25(% (᾿.Θ. %᾿¨∆.-=(+, -΅µΛ.-=(+, .515%) %᾿6 Μ.-=(+ ῟=῟¨µΑ·Γ· /%( -!* -΅·ΑΘ=(% !%
=·-Γµ%!)·¨΅· Γ+ ᾿=5(Λ.··¨· -΅µ∆5%Σ¨µΑ·Γ· (context) -!¨ =5)!*µ% ᾿¨΅ !῾1=!%(, ᾿5¨/=(-
µΑ·¨΅ !¨ ΄·Γ--(/6 µ¨·!Α·¨ ·% -΅·1Α-=( %᾿%·!2-=(+ ᾿¨΅ =῾·%( !=/µ*5(ΓµΑ·=+, =᾿῾/%(5=+ /%(
=5µ*·=:-(µ=+.

Χ ᾿5¨-Α΄΄(-* %΅!2 ΄=∆΅5)·=( !¨ Θ.-µ% µ=!%;: ᾿%5%῟¨-(%/)· µ*Θ%·)· %·%Σ2!*-*+
(6᾿Γ+ * %·%Σ2!*-* µ= ·Α;=(+-/·=(῟(. 2 * -*µ%-(¨·¨΄(/2 %·%Σ2!*-*) /%( !*+ -:΄Θ5¨·*+
΄·Γ--(/2+ /%!%·6*-*+, ᾿5¨-∆Α5¨·!%+ Α·% (-Θ΅56 ΅᾿6Λ%15¨ ΄(% ·¨µ(/Α+ =∆%5µ¨΄Α+ ᾿¨΅
%᾿%(!¨:· %/5῾Λ=(% /%( ῟(%∆.·=(%.

῭%5.··*·%, ᾿5¨*΄µΑ·=+ !=Θ·(/Α+ ΑΘ¨΅· =·-Γµ%!Γ1=῾ -!% -΅-!2µ%!% RAG )-!= ·% =·(-
-Θ΅1=῾ * %;(¨᾿(-!῾% /%( * ᾿·*56!*!% !Γ· %᾿%·!2-=Γ·. Β(% ᾿%5.῟=(΄µ%, * !=Θ·(/2 !¨΅ ᾿¨·΅-
-!%῟(%/¨: -΅··¨΄(-µ¨: (multi-hop reasoning) =᾿(!5Α᾿=( -!¨ µ¨·!Α·¨ ·% %·!·=῾ ᾿·*5¨∆¨5῾=+
%᾿6 ᾿¨··%᾿·Α+ ᾿*΄Α+ 2 %᾿¨-᾿.-µ%!% /%( ·% !(+ -΅·῟΅.Σ=( -= Α·% =·(%῾¨ -΅µ᾿Α5%-µ%, /.!(
(῟(%῾!=5% Θ52-(µ¨ -= ᾿=5(᾿!)-=(+ 6᾿¨΅ * ·¨µ(/2 ᾿·*5¨∆¨5῾% =῾·%( /%!%·=µ*µΑ·*. 9·!῾-!¨(-
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Θ%, * ῟΅·%µ(/2 /%!%-/=΅2 ᾿5¨!5¨᾿)· (dynamic prompt assembly) =᾿(!5Α᾿=( !*· =᾿(·¨΄2
/%( %·%-:·1=-* !Γ· ᾿·Α¨· /%!.··*·Γ· %᾿¨-᾿%-µ.!Γ· %᾿6 !(+ ᾿*΄Α+, µ= Μ.-* !¨ ᾿=5(=-
Θ6µ=·¨ !¨΅ =5Γ!2µ%!¨+, =·(-Θ:¨·!%+ Α!-( !* -΅·.∆=(% /%( !*· %/5῾Λ=(% !Γ· %᾿%·!2-=Γ·.

,Α·¨+, * !=Θ·(/2 %·῾Θ·=΅-*+ ᾿%5%᾿¨µ᾿)· (citation tracing) ᾿5¨-1Α!=( Α·% =᾿῾᾿=῟¨ ῟(%-
Η.·=(%+, /%1)+ =᾿(!5Α᾿=( -!¨ -:-!*µ% ·% %·%∆Α5=( µ= -%∆2·=(% !(+ ᾿*΄Α+ %᾿6 !(+ ¨᾿¨῾=+
%·!·21*/%· !% ῟=῟¨µΑ·% ᾿¨΅ Θ5*-(µ¨᾿¨(21*/%· -!*· !=·(/2 %᾿.·!*-*, -!¨(Θ=῾¨ /5῾-(µ¨ -=
·¨µ(/. ᾿·%῾-(% 6᾿¨΅ %᾿%(!=῾!%( ῟΅·%!6!*!% =·Α΄Θ¨΅ /%( !=/µ*5῾Γ-*+.

Χ !΅᾿(/2 %5Θ(!=/!¨·(/2 RAG ᾿=5(·%µΛ.·=( !% =;2+ Μ%-(/. -!.῟(% :

1. Φ%5-¨-Θ-%.·΄΅· 3·2 !µ¨05῝)2΄µΜΚ ᾿5µ234+ 7-῭5µ6+*+

῝΅··¨΄2 µ=΄.·¨΅ 6΄/¨΅ ·¨µ(/)· =΄΄5.∆Γ· (%᾿¨∆.-=(+, -΅µΛ6·%(%, .515%, ·¨µ¨-
·¨΄῾%). ῭5¨/%!%5/!(/2 =᾿=;=5΄%-῾% (/%1%5(-µ6+, normalization, chunking -= %᾿¨-
-᾿.-µ%!% 256–512 tokens, =µ᾿·¨΅!(-µ6+ µ= µ=!%῟=῟¨µΑ·% 6᾿Γ+ *µ=5¨µ*·῾%, /%!*-
΄¨5῾% ΅᾿61=-*+, ῟(/%-!25(¨, -Θ=!(/Α+ ῟(%!.;=(+). Χ ῟(%῟(/%-῾% %΅!2 =;%-∆%·῾Σ=( !*
῟¨µ*µΑ·* /%( ῟(%·=(!¨΅5΄(/2 ῟(%Θ=῾5(-* !*+ ᾿·*5¨∆¨5῾%+.

2. 7(µ25῝%.΅· 72·+῝΄µ·)23ΝΚ 8+·¨·%/΄)·΄(Κ (Embedding):

0.1= %᾿6-᾿%-µ% ·¨µ(/¨: /=(µΑ·¨΅ µ=!%!5Α᾿=!%( -= ῟(.·΅-µ% ΅Κ*·)· ῟(%-!.-=Γ·
µΑ-Γ =;=(῟(/=΅µΑ·Γ· ΄·Γ--(/)· µ¨·!Α·Γ· 6᾿Γ+ LegalBERT, CaseLawBERT, 2 custom
fine-tuned µ=!%-Θ*µ%!(-!)· ΄(% !¨ =/.-!¨!= ·¨µ(/6 -:-!*µ%. 9΅!. !% embeddings
%᾿¨!΅᾿)·¨΅· !6-¨ !* Ο=µ%!(/2 6-¨ /%( !* -*µ%-(¨·¨΄(/2 -΅·.∆=(% !¨΅ ᾿=5(=Θ¨µΑ·¨΅.

3. 7(µ25῝%.΅· 7-΅3)( 8+/3)(΄(Κ (Vector Indexing):

,% embeddings %᾿¨1*/=:¨·!%( -= =;=(῟(/=΅µΑ·=+ Μ.-=(+ ῟=῟¨µΑ·Γ· ῟(%·΅-µ.!Γ· (᾿.Θ.
FAISS, Weaviate, Qdrant, Pinecone), =᾿(!5Α᾿¨·!%+ %᾿¨῟¨!(/2 %·%Σ2!*-* -= µ=΄.·*+
/·῾µ%/%+ -= -)µ%!% /=(µΑ·Γ· µ=΄.·*+ /·῾µ%/%+.Ε( Μ.-=(+ %΅!Α+ ᾿5¨-∆Α5¨΅· !6-¨
᾿΅/·2 (dense) 6-¨ /%( ΅Λ5(῟(/2 (hybrid) %·%Σ2!*-*, =;%-∆%·῾Σ¨·!%+ %/5῾Λ=(% /%( !%-
Θ:!*!% -!*· %·./!*-*.

4. 8+/3)(΄( Β῝+·Π4+ !..%/Π*+ (Retrieval):

ΝΕ!%· ¨ Θ52-!*+ ΅᾿¨Λ.··=( Α·% =5)!*µ% (query), %΅!6 µ=!%!5Α᾿=!%( =᾿῾-*+ -= em-
bedding /%( %·%Σ*!¨:·!%( !% ᾿(¨ -Θ=!(/. %᾿¨-᾿.-µ%!% µ= Μ.-* µΑ!5% ¨µ¨(6!*!%+
(cosine similarity, dot product). 3;=(῟(/=΅µΑ·¨( %·΄65(1µ¨( Τ=5%·/(·΄ (6᾿Γ+ MMR 2
BM25+dense hybrid) Θ5*-(µ¨᾿¨(¨:·!%( ΄(% !* Μ=·!῾Γ-* !*+ -Θ=!(/6!*!%+ !Γ· %᾿¨!=-
·=-µ.!Γ·.

5. Φ·%·.*.Ν 8¨/+)(΄(Κ (Generation):

,% =᾿(·=΄µΑ·% %᾿¨-᾿.-µ%!% !5¨∆¨῟¨!¨:· !¨ prompt =·6+ 4=΄.·¨΅ Β·Γ--(/¨: 4¨-
·!Α·¨΅ (LLM, ᾿.Θ. GPT-4, Llama 3), !¨ ¨᾿¨῾¨ -΅·1Α!=( µ(% %᾿.·!*-* ᾿¨΅ Μ%-῾Σ=!%( -!%
%·%/!*µΑ·% !=/µ25(%. ῭5¨ΘΓ5*µΑ·=+ !=Θ·(/Α+ ᾿=5(·%µΛ.·¨΅· -΅µ᾿῾=-* =5Γ!2µ%!¨+
(prompt compression), %·%῟(.!%;* %᾿¨-᾿%-µ.!Γ· (chunk reordering), -΅··¨΄(-µ6
᾿¨··%᾿·)· Μ*µ.!Γ· (multi-hop reasoning) /%( %·῾Θ·=΅-* ᾿%5%᾿¨µ᾿)· (citation trac-
ing), )-!= * %᾿.·!*-* ·% ᾿%5%µΑ·=( !=/µ*5(ΓµΑ·* /%( =᾿%·*1=:-(µ*.
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Χ !=Θ·¨·¨΄῾% RAG ΑΘ=( ᾿·Α¨· /%1(=5Γ1=῾ -= Α·% =΅5: Η.-µ% ·¨µ(/)· =∆%5µ¨΄)· ᾿¨΅
%᾿%(!¨:· .µ=-*, %/5(Λ2 /%( !=/µ*5(ΓµΑ·* =᾿=;=5΄%-῾% ᾿·*5¨∆¨5῾%+. ῭·%!∆65µ=+ ·¨µ(/2+
Α5=΅·%+ 6᾿Γ+ !¨ Lexis+ AI /%( !¨ Westlaw Edge %;(¨᾿¨(¨:· RAG pipelines ΄(% ᾿5¨*΄µΑ·*
%·%Σ2!*-* ·¨µ¨·¨΄῾%+, %΅!6µ%!* ᾿=5῾·*Κ* %᾿¨∆.-=Γ· /%( =·!¨᾿(-µ6 -Θ=!(/)· ᾿5¨*΄¨΅-
µΑ·Γ·, =·) =·-Γµ%!)·¨΅· -*µ%-(¨·¨΄(/2 %·./!*-* (semantic retrieval), ῟΅·%µ(/2 ΅᾿¨Λ¨·2
=5Γ!*µ.!Γ· (dynamic prompting), %·῾Θ·=΅-* ᾿%5%᾿¨µ᾿)· (citation tracing) /%( =᾿%·%/%-
!.!%;* (reranking) ΄(% !* µ=῾Γ-* !Γ· ᾿%5%(-12-=Γ· (hallucinations) /%( !*· %:;*-* !*+
%;(¨᾿(-!῾%+ !Γ· %᾿%·!2-=Γ· [71], [4].

῭%5.··*·%, -!*· %΅!¨µ%!¨᾿¨(*µΑ·* =᾿=;=5΄%-῾% -΅µΛ¨·%῾Γ·, ¨( %5Θ(!=/!¨·(/Α+ RAG
=᾿(!5Α᾿¨΅· -!¨Θ=΅µΑ·* %·%Σ2!*-* Τ*!5)·, Α·=΄Θ¨ -΅µµ65∆Γ-*+ (compliance) /%( %΅!6µ%-
!* =᾿(-2µ%·-* /5῾-(µΓ· 65Γ·, %;(¨᾿¨()·!%+ =;=(῟(/=΅µΑ·=+ =·-Γµ%!)-=(+ (embeddings),
/%!%/=5µ%!(-µΑ·* =΅5=!*5῾%-* (chunked indexing) /%( µ=!%-=᾿=;=5΄%-῾% %᾿¨!=·=-µ.!Γ·
µ= ·¨µ(/. =΅%(-1*!¨᾿¨(*µΑ·% LLMs [72].

3᾿(᾿·Α¨·, !% RAG -΅-!2µ%!% Θ5*-(µ¨᾿¨(¨:·!%( Γ+ =5΄%·=῾% ΅᾿¨-!25(;*+ ῟(/%-!)·,
᾿5¨-∆Α5¨·!%+ ῟΅·%µ(/2 %·%Σ2!*-* /%( -΅-ΘΑ!(-* ·¨µ¨·¨΄(%/)· ᾿*΄)·, %΅!6µ%!* -:·1=-*
-΅·¨Κ(-µΑ·Γ· ᾿5¨*΄¨΅µΑ·Γ· /%( =᾿(-2µ%·-* -Θ=!(/)· .515Γ· !¨΅ ·6µ¨΅, µ= !*· %᾿6῟¨-*
%΅!)· !Γ· =5΄%·=῾Γ· ·% %;(¨·¨΄=῾!%( µΑ-Γ =;=(῟(/=΅µΑ·Γ· µ=!5(/)· =᾿(/.·΅Κ*+ (overlap
metrics) /%( ῟=(/!)· =5µ*·=΅-(µ6!*!%+ (explainability indices) [43].

,Α·¨+, (῟(%῾!=5* Αµ∆%-* ῟῾·=!%( -!* ῟(%Θ=῾5(-* ᾿¨·΅΄·Γ--(/)· /%( ᾿¨·΅῟(.-!%!Γ· ῟=-
῟¨µΑ·Γ·, µ= !(+ -:΄Θ5¨·=+ ᾿·%!∆65µ=+ ·% ΅᾿¨-!*5῾Σ¨΅· %᾿¨!=·=-µ%!(/2 %·%Σ2!*-* /%(
%·.·΅-* %/6µ* /%( -= ᾿=5(Λ.··¨·!% µ= ᾿¨·:᾿·¨/* ¨5¨·¨΄῾% /%( ᾿¨(/(·῾% ·¨µ(/)· -΅-!*-
µ.!Γ·.

3(῟(/. -= =΅5Γ᾿%Π/. /%( ῟(=1·2 ·¨µ(/. ᾿=5(Λ.··¨·!%, * RAG %5Θ(!=/!¨·(/2 %;(¨᾿¨(=-
῾ ᾿¨·΅΄·Γ--(/Α+ =·-Γµ%!)-=(+ ΄(% =᾿=;=5΄%-῾% ·¨µ¨·¨΄῾%+ -= ῟(%∆¨5=!(/Α+ ΄·)--=+ /%(
Α··¨µ=+ !.;=(+. 9΅!6 =῾·%( /5῾-(µ¨ ΄(% ῟(%-΅·¨5(%/Α+ ΅᾿¨1Α-=(+, -΅΄/5(!(/2 %·.·΅-* /%(
=·(%῾% ᾿56-Λ%-* -= ᾿¨·΅΄·Γ--(/. -)µ%!% /=(µΑ·Γ· [53].

Χ !%Θ=῾% =;Α·(;* !*+ RAG -΅·¨῟=:=!%( %᾿6 -*µ%·!(/Α+ !=Θ·¨·¨΄(/Α+ /%(·¨!¨µ῾=+, 6᾿Γ+
* ΅Λ5(῟(/2 %·./!*-* (hybrid retrieval), ᾿¨΅ -΅·῟΅.Σ=( %5%(Α+ (sparse, ᾿.Θ. TF-IDF, ·Α;=(+-
/·=(῟(.) /%( ᾿΅/·Α+ (dense, Μ%-(-µΑ·=+ -= =·-Γµ%!)-=(+) µ=16῟¨΅+, =·(-Θ:¨·!%+ !*· %-
·./·*-* (recall) /%( !*· %/5῾Λ=(% (precision), (῟῾Γ+ -= -=·.5(% µ= ᾿=5(¨5(-µΑ·% ῟=῟¨µΑ·%
%·. ΄·)--% [4]. 3᾿(᾿·Α¨·, * =·-Γµ.!Γ-* ΄5.∆Γ· ΄·)-*+ (knowledge graphs) -!% RAG
pipelines =᾿(!5Α᾿=( !*· %;(¨᾿¨῾*-* ῟¨µ*µΑ·Γ· -ΘΑ-=Γ· µ=!%;: ·¨µ(/)· ¨·!¨!2!Γ· ΄(% Μ%-
Ο:!=5* /%!%·6*-* /%( =᾿=;2΄*-* !Γ· -΅-Θ=!(-µ)· [43]. Ε( -:΄Θ5¨·=+ %5Θ(!=/!¨·(/Α+ ΅(¨1=-
!¨:· =᾿῾-*+ !=Θ·(/Α+ ᾿¨·΅-!%῟(%/2+ -΅··¨΄(-!(/2+ (multi-hop reasoning), 6᾿¨΅ ᾿·*5¨∆¨-
Τ῾=+ %·%/!)·!%( %·΅-(῟Γ!. %᾿6 ᾿¨··%᾿·Α+ ᾿*΄Α+ ᾿5(· !* -:·1=-* !*+ !=·(/2+ %᾿.·!*-*+,
/%1)+ /%( ῟΅·%µ(/2 %·%-:·1=-* prompts (dynamic prompt assembly) µ= =᾿(·¨΄2 %᾿¨-
-᾿%-µ.!Γ· Μ.-=( -΅µ∆5%Σ¨µΑ·Γ· (context-aware chunk selection), µ= -!6Θ¨ !*· /%·:!=5*
!=/µ*5῾Γ-* /%( -΅µ᾿:/·Γ-* !*+ ᾿·*5¨∆¨5῾%+ [71], [43].

4.4.2 ,-06)( ¨-%΅¨)*΄(Κ : !Π·%µ5.Ν ΄- ῭2·Π5%-)236Κ ῭23·25῭5΄΅-Κ

Χ ῟΅·%µ(/2 !Γ· %5Θ(!=/!¨·(/)· RAG %·%῟=(/·:=!%( %/6µ% ᾿=5(--6!=5¨ µΑ-% %᾿6 !(+
῟(%∆¨5=!(/Α+ -!5%!*΄(/Α+ =∆%5µ¨΄2+ !¨΅+ -= =1·(/. /%( ΅᾿=5=1·(/. ·¨µ(/. -΅-!2µ%!%.
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4.4.2 4=·Α!* ᾿=5῾᾿!Γ-*+ : 3∆%5µ¨΄2 -= ῟(%∆¨5=!(/Α+ ῟(/%(¨῟¨-῾=+

Χ ᾿%5%/.!Γ %·.·΅-* µ=·=!. -΅΄/5(!(/. ᾿%5%῟=῾΄µ%!% ΅·¨᾿¨῾*-*+ -= 0῾·%, 3΅5Γ᾿%Π/2
Ν3·Γ-*, Χ῭9, ,¨΅5/῾% /%( ῞(·(᾿᾿῾·=+, %·%῟=(/·:¨·!%+ !% !=Θ·(/., Ο=-µ(/. /%( /¨(·Γ·(/.
Θ%5%/!*5(-!(/. /.1= ᾿5¨-Α΄΄(-*+.

Χ ᾿·Α¨· =·!΅᾿Γ-(%/2 =∆%5µ¨΄2 -΅-!*µ.!Γ· Κ*∆(%/2+ ῟(/%(¨-:·*+ =·!¨᾿῾Σ=!%( -!*·
0῾·%, 6᾿¨΅ !¨ 9·)!%!¨ Ω%Π/6 7(/%-!25(¨ (Supreme People’s Court, SPC) ΑΘ=( ΅·¨᾿¨(2-=( Α·%
᾿·25Γ+ Κ*∆(¨᾿¨(*µΑ·¨ Smart Court System, -΅·῟΅.Σ¨·!%+ %5ΘΑ+ !=Θ·*!2+ ·¨*µ¨-:·*+,
*·=/!5¨·(/2+ ῟(%/΅ΛΑ5·*-*+ /%( %·.·΅-*+ µ=΄.·Γ· ῟=῟¨µΑ·Γ· [67]. Χ ᾿·%!∆65µ% %;(¨-
᾿¨(=῾ !=Θ·(/Α+ NLP–RAG )-!= ·% =᾿(!5Α᾿=( !*· %΅!¨µ%!¨᾿¨(*µΑ·* =᾿=;=5΄%-῾% ΅᾿¨1Α-=Γ·,
!*· %·%Σ2!*-* -Θ=!(/2+ ·¨µ¨·¨΄῾%+ /%( !* -:·!%;* ᾿5¨-Θ=῟῾Γ· %᾿¨∆.-=Γ·. ῝΅΄/=/5(µΑ·=+
=∆%5µ¨΄Α+, 6᾿Γ+ !¨ Xiao Zhi Fa (98 Ξ΅῟΄=), µ᾿¨5¨:· ·% =/῟(/.Σ¨΅· %΅!6µ%!% %᾿·Α+ %-!(/Α+
/%( =µ᾿¨5(/Α+ ῟(%∆¨5Α+ µΑ-Γ -*µ%-(¨·¨΄(/2+ %·%Σ2!*-*+ /%( ᾿%5%΄Γ΄2+ Η΅-(/2+ ΄·)--
-%+ (semantic search /%( natural language generation), =·) !% ῟(%῟(/!΅%/. ῟(/%-!25(%
(e-courts) ·=(!¨΅5΄¨:· =; ¨·¨/·25¨΅ =; %᾿¨-!.-=Γ+, ᾿%5ΑΘ¨·!%+ ᾿·25* Κ*∆(%/2 =µ᾿=(-
Τ῾% -!¨΅+ ῟(%῟῾/¨΅+. 4ΑΘ5( !¨ 2022, ᾿=5(--6!=5=+ %᾿6 !5῾% =/%!¨µµ:5(% ΅᾿¨1Α-=(+ =῾Θ%·
=᾿(·΅1=῾ µΑ-Γ %΅!)· !Γ· -΅-!*µ.!Γ·. ῎-!6-¨, -¨Λ%5Α+ %·*-΅Θ῾=+ ᾿%5%µΑ·¨΅· Γ+ ᾿5¨+
!*· =5µ*·=΅-(µ6!*!% (explainability), !*· (Θ·*·%-(µ6!*!% (traceability) /%( !* Ο=-µ(/2 ·¨-
΄¨῟¨-῾%, µ= %᾿¨!Α·=-µ% * ῟(%∆.·=(% /%( * %·=;%5!*-῾% !*+ ῟(/%(¨-:·*+ ·% ᾿%5%µΑ·¨΅·
%µ∆(·=΄6µ=·=+ [73].

3·῟=(/!(/2 =῾·%( * ᾿=5῾᾿!Γ-* !*+ 3·Λ=!῾%+, 6᾿¨΅ !¨ Υ2!*µ% !*+ %΅!6µ%!*+ ·¨µ(/2+ µ=-
!.∆5%-*+ %᾿¨/!. (῟(%῾!=5* Μ%5:!*!% ·6΄Γ !*+ -΅·:᾿%5;*+ !=--.5Γ· =᾿῾-*µΓ· ΄·Γ--)·
/%( !*+ %·.΄/*+ ΄(% .µ=-* ᾿56-Λ%-* -= ·¨µ(/. /=῾µ=·% -= 6·=+ !(+ ΄·)--=+. ,¨ Α5΄¨
SwiLTra-Bench =(-2΄%΄= µ(% µ=΄.·* ᾿¨·΅΄·Γ--(/2 Μ.-* ῟=῟¨µΑ·Γ· µ= ᾿.·Γ %᾿6 180.000
%·!(-!¨(Θ(-µΑ·% ·¨µ(/. /=῾µ=·%, ῟(/%-!(/Α+ %᾿¨∆.-=(+ /%( %·%/¨(·)-=(+ !:᾿¨΅, /%·:᾿!¨-
·!%+ !(+ =᾿῾-*µ=+ ΄·)--=+ !*+ 3·Λ=!῾%+ /%( !% %΄΄·(/.. ῝/¨᾿6+ !¨΅ 2!%· ·% %;(¨·¨΄2-=(
/%( ·% Μ=·!()-=( !(+ =᾿(῟6-=(+ !Γ· µ=΄.·Γ· ΄·Γ--(/)· µ¨·!Α·Γ· -!* µ=!.∆5%-* ·¨µ(/)·
/=(µΑ·Γ·[74].

῝!(+ Χ·ΓµΑ·=+ ῭¨·(!=῾=+[10], * =·-Γµ.!Γ-* LLMs /%( %5Θ(!=/!¨·(/)· RAG Θ%5%/!*-
Τ῾Σ=!%( %᾿6 Α·!¨·* =µ᾿¨5(/2 %;(¨᾿¨῾*-*, /΅5῾Γ+ µΑ-Γ !¨΅ (῟(Γ!(/¨: !¨µΑ% /%( !Γ· ·¨µ(/)·
!=Θ·¨·¨΄(/)· =!%(5=()· (legal tech companies). ῭·%!∆65µ=+ 6᾿Γ+ Lexis+ AI, Casetext Co-
Counsel /%( Westlaw Edge %;(¨᾿¨(¨:· fine-tuned language models /%( ᾿5¨*΄µΑ·=+ !=Θ·(/Α+
%·%Σ2!*-*+ /%( ᾿%5%΄Γ΄2+ (semantic retrieval, re-ranking, dynamic generation) ΄(% !* ·¨-
µ(/2 Α5=΅·%, !*· %·.·΅-* =΄΄5.∆Γ· /%( !*· ΅᾿¨-!25(;* !Γ· ῟(/*΄65Γ· -= /%1*µ=5(·Α+
=5΄%-῾=+. Χ Θ52-* eDiscovery µ= active learning /%( ¨µ%῟¨᾿¨῾*-* (clustering) ΑΘ=( 2῟*
΅᾿=5Λ=῾ !(+ %·15)᾿(·=+ ῟΅·%!6!*!=+ Γ+ ᾿5¨+ !¨· 6΄/¨ /%( !*· !%Θ:!*!% =᾿=;=5΄%-῾%+ ῟=῟¨-
µΑ·Γ·. ῎-!6-¨, !¨ Ο=-µ(/6 ᾿·%῾-(¨ ᾿%5%µΑ·=( %-%∆Α+, µ= =·.Θ(-!* /5%!(/2 ᾿%5ΑµΛ%-* /%(
%᾿¨΅-῾% ¨µ¨-᾿¨·῟(%/2+ Τ:1µ(-*+ ΄(% !* Θ52-* AI -= ῟(/%-!(/6 =᾿῾᾿=῟¨, µ= %᾿¨!Α·=-µ%
᾿=5(-!%!(/. =-∆%·µΑ·*+ Θ52-*+ ·% %·%῟=(/·:¨΅· !*· %·.΄/* ΄(% %΅;*µΑ·¨ oversight.

῝!* ῏5%Σ(·῾%[75], * Θ52-* !=Θ·*!2+ ·¨*µ¨-:·*+ ΑΘ=( =;%᾿·Γ1=῾ -= ᾿=5(--6!=5% %᾿6
!% µ(-. %·)!%!% /%( %·)!=5% ῟(/%-!25(%, µ= ᾿5Γ!¨Λ¨΅·῾=+ 6᾿Γ+ !¨ -:-!*µ% VICTOR ΄(%
%΅!¨µ%!¨᾿¨(*µΑ·* ᾿5¨/%!%5/!(/2 %·.·΅-* ΅᾿¨1Α-=Γ· /%( !¨ ATHOS ΄(% !*· ΅᾿¨-!25(;*
!Γ· ῟(/%-!)· -!* ῟(%Θ=῾5(-* µ=΄.·Γ· 6΄/Γ· =΄΄5.∆Γ·. ,¨ Τ΅1µ(-!(/6 ᾿·%῾-(¨ ᾿¨΅ ΟΑ-᾿(-=
!¨ 31·(/6 ῝΅µΛ¨:·(¨ 7(/%(¨-:·*+ =᾿(Λ.··=( %΅-!*5¨:+ 65¨΅+ ῟(%∆.·=(%+, ᾿5¨-!%-῾%+ ᾿5¨-
-Γ᾿(/)· ῟=῟¨µΑ·Γ· /%( %-∆.·=(%+, =·) * Θ52-* /5%!(/)· ᾿*΄)· /%( * ῟΅·%!6!*!% =·Α΄Θ¨΅
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0=∆.·%(¨ 4. ῭5%/!(/Α+ =∆%5µ¨΄Α+ /%( !=Θ·(/2 ΅·¨᾿¨῾*-*

!Γ· -΅-!*µ.!Γ· Ο=Γ5¨:·!%( %᾿%5%῾!*!=+ ΄(% !* ῟(%-∆.·(-* !*+ ᾿¨(6!*!%+ !Γ· %᾿¨∆.-=Γ·.
Ε( ῞(·(᾿᾿῾·=+[12] ᾿%5¨΅-(.Σ¨΅· Α·% =·῟(%∆Α5¨· ᾿%5.῟=(΄µ% -΅·=5΄%-῾%+ !¨΅ 9·)!%-

!¨΅ 7(/%-!*5῾¨΅ µ= !¨ 8·-!(!¨:!¨ ῭5¨*΄µΑ·*+ 3᾿(-!2µ*+ /%( ,=Θ·¨·¨΄῾%+ ΄(% !*· ΅(¨1Α!*-*
!=Θ·(/)· NLP /%( ML -!*· ᾿56Λ·=Κ* /%( %·.·΅-* ῟(/%-!(/)· %᾿¨∆.-=Γ·. ,¨ %·%᾿!΅Θ1Α·
-:-!*µ% %·Α·΅-= !* ῟¨µ2 /%( !¨ ᾿=5(=Θ6µ=·¨ Θ(·(.῟Γ· %᾿¨∆.-=Γ·, µ= Θ52-* µ¨·!Α·Γ·
BERT /%( LEGAL-BERT, /%( ᾿Α!΅Θ= ᾿¨-¨-!. %/5῾Λ=(%+ 78–82% -!* ῟΅%῟(/2 !%;(·6µ*-*
΅᾿¨1Α-=Γ· (binary classification). Χ Θ52-* =·%∆5()· ΅᾿¨-΅-!*µ.!Γ· RAG =᾿Α!5=Κ= !*
῟(%΄·Γ--(/2 %·%∆¨5. -= -Θ=!(/Α+ %᾿¨∆.-=(+, =·) !¨ 9·)!%!¨ 7(/%-!25(¨ ῟(%!25*-= =᾿(-
/¨΅5(/6 %··. 6Θ( %᾿¨∆%-(-!(/6 Τ6·¨ ΄(% !¨ -:-!*µ%. Χ =µ᾿=(5῾% !Γ· ῞(·(᾿᾿῾·Γ· ῟=῾Θ·=(
6!( %/6µ* /%( ῟(/%-!(/. -΅-!2µ%!% µ= ᾿=5(¨5(-µΑ·¨΅+ ᾿65¨΅+ µ᾿¨5¨:· ·% %;(¨᾿¨(2-¨΅·
!=Θ·(/Α+ %(Θµ2+, %5/=῾ ·% ΅᾿.5Θ=( -΅·=5΄%-῾% µ= !*· =5=΅·*!(/2 /¨(·6!*!% /%( Ο=-µ(/2
΅᾿¨-!25(;*.

,Α·¨+ * ,¨΅5/῾% [57] ΑΘ=( =᾿(῟=῾;=( -*µ%·!(/2 =5=΅·*!(/2 ῟5%-!*5(6!*!% -!¨· !¨µΑ% !*+
᾿56Λ·=Κ*+ ῟(/%-!(/)· %᾿¨∆.-=Γ· µΑ-Γ !=Θ·(/)· µ*Θ%·(/2+ µ.1*-*+ /%( ΄·Γ--(/2+ =᾿=-
;=5΄%-῾%+. 35=΅·*!(/. ᾿(᾿=·(·=+ ᾿56Λ·=Κ*+ -!¨ Yargıtay (9·)!%!¨ 7(/%-!25(¨) Μ%-῾-!*/%·
-= BERT-based embeddings, vector retrieval /%( binary classification ΄(% !*· =/!῾µ*-* !*+
᾿(1%·6!*!%+ ᾿%5%Λ῾%-*+, µ= ᾿¨-¨-!. %/5῾Λ=(%+ .·Γ !¨΅ 75% -= -΅΄/=/5(µΑ·=+ /%!*΄¨5῾=+
΅᾿¨1Α-=Γ·. ῭%56·¨ ᾿¨΅ * Ο=-µ(/2 =·-Γµ.!Γ-* !Γ· -΅-!*µ.!Γ· %΅!)· Μ5῾-/=!%( %/6µ*
-= ᾿5)(µ¨ -!.῟(¨, * ,¨΅5/῾% ·=(!¨΅5΄=῾ Γ+ Θ%5%/!*5(-!(/6 ᾿%5.῟=(΄µ% =∆%5µ¨΄2+ AI -=
῟(/%-!(/. -΅-!2µ%!% µ= ᾿=5(¨5(-µΑ·%, =!=5¨΄=·2 2 *µ(῟¨µ*µΑ·% ῟=῟¨µΑ·% [57]. Φ=6!=-
Τ=+ Α5=΅·=+ ῟¨/῾µ%-%· =᾿῾-*+ ῟(%΄·Γ--(/. =·-Γµ%!)µ%!% (cross-lingual embeddings) /%(
RAG pipelines ΄(% !*· ᾿=(5%µ%!(/2 ᾿56Λ·=Κ* =/Λ.-=Γ· µ=!%;: !¨΅5/(/)· /%( =΅5Γ᾿%Π/)·
΅᾿¨1Α-=Γ·.

Χ =᾿(!΅Θ῾% !Α!¨(Γ· =∆%5µ¨΄)· ᾿5¨Ι᾿¨1Α!=( Ο=-µ(/2 ᾿5¨-%5µ¨΄2, ῟(%∆%·=῾+ /%·6·=+
·¨΄¨῟¨-῾%+ /%( =·-Γµ.!Γ-* -!¨΅+ ΅∆(-!.µ=·¨΅+ µ*Θ%·(-µ¨:+ %᾿¨·¨µ2+ ῟(/%῾¨΅. ῝΅·¨·(-
/., * !=Θ·¨·¨΄(/2 /%(·¨!¨µ῾% µ᾿¨5=῾ ·% =·(-Θ:-=( -*µ%·!(/. !* ῟(/%(¨-:·*, µ6·¨ =∆6-¨·
·%µΛ.·=( ΅᾿6Κ* !(+ ·¨µ(/Α+, /¨(·Γ·(/Α+ /%( ᾿¨·(!(-µ(/Α+ (῟(%(!=56!*!=+ /.1= Θ)5%+, ·=(-
!¨΅5΄)·!%+ -΅µ᾿·*5Γµ%!(/. /%( 6Θ( %·!%΄Γ·(-!(/. ᾿5¨+ !¨ ᾿%5%῟¨-(%/6 ῟(/%((/6 ᾿·%῾-(¨.

4.5 !%.·0-΅· ᾿5µ23ΝΚ =¨5Α5ΝΟ(΄(Κ

Χ %·.᾿!΅;* !*+ !=Θ·*!2+ ·¨*µ¨-:·*+ /%( =(῟(/. !Γ· 4=΄.·Γ· Β·Γ--(/)· 4¨·!Α·Γ·
ΑΘ=( ῟(%µ¨5∆)-=( Α·% ·Α¨ ¨(/¨-:-!*µ% =5΄%·=῾Γ· ΄(% !*· ᾿%5¨Θ2 ·¨µ(/2+ ΅᾿¨-!25(;*+. ,%
=5΄%·=῾% %΅!., ᾿¨΅ ᾿=5(·%µΛ.·¨΅· ·¨µ(/¨:+ Κ*∆(%/¨:+ Μ¨*1¨:+ (virtual legal assistants),
-΅-!2µ%!% -΅·¨µ(·῾%+ (chatbots), =∆%5µ¨΄Α+ %᾿=΅1=῾%+ =;΅᾿*5Α!*-*+ ᾿=·%!)· /%( ¨·¨-
/·*5ΓµΑ·=+ ᾿·%!∆65µ=+ ῟(%Θ=῾5(-*+ ΅᾿¨1Α-=Γ·, %᾿¨!=·¨:· ᾿(% /5῾-(µ* ΅᾿¨῟¨µ2 ΄(% !¨·
=/-΅΄Θ5¨·(-µ6 !*+ ·¨µ(/2+ ᾿5%/!(/2+ /%( !*· =·῾-Θ΅-* !*+ ᾿56-Λ%-*+ -!* ῟(/%(¨-:·*.

,% -:΄Θ5¨·% =5΄%·=῾% ·¨µ(/2+ ΅᾿¨Λ¨21*-*+ Μ%-῾Σ¨·!%( -= !=Θ·¨·¨΄῾=+ =᾿=;=5΄%-῾%+
Η΅-(/2+ ΄·)--%+ (Natural Language Processing), ῟(%·΅-µ%!(/)· %·%᾿%5%-!.-=Γ· (em-
beddings), /%( -΅Θ·. =·-Γµ%!)·¨΅· µ*Θ%·(-µ¨:+ %·./!*-*+ /%( =·(-Θ΅µΑ·*+ ᾿%5%΄Γ΄2+
(RAG) ΄(% !*· ᾿%5%΄Γ΄2 !=/µ*5(ΓµΑ·Γ· /%( ᾿5¨-Γ᾿¨᾿¨(*µΑ·Γ· %᾿%·!2-=Γ·. Χ ῟(%-:·-
῟=-* %΅!)· !Γ· -΅-!*µ.!Γ· µ= Μ.-=(+ ῟=῟¨µΑ·Γ· ·¨µ¨1=-῾%+, ·¨µ(/2+ %515¨΄5%∆῾%+ /%(
᾿5¨*΄¨:µ=·Γ· %᾿¨∆.-=Γ· =᾿(!5Α᾿=( !*· %΅!¨µ%!¨᾿¨῾*-* /5῾-(µΓ· ῟(%῟(/%-()·, !* µ=῾Γ-*
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4.5.1 Φ¨µ(/. Chatbots /%( 3(/¨·(/¨῾ ῏¨*1¨῾

!¨΅ Θ56·¨΅ =;΅᾿*5Α!*-*+ /%( !*· ᾿%5¨Θ2 ·¨µ(/2+ ᾿·*5¨∆65*-*+ ΅Κ*·2+ ᾿¨(6!*!%+ %/6µ%
/%( -= µ* =(῟(/¨:+ Θ52-!=+.

Χ =·6!*!% %΅!2 =;=!.Σ=( !(+ Μ%-(/Α+ /%!*΄¨5῾=+ =5΄%·=῾Γ· ·¨µ(/2+ ΅᾿¨Λ¨21*-*+, µ=
Αµ∆%-* -!* Θ52-* -΅-!*µ.!Γ· -΅·¨µ(·῾%+ (chatbots) /%( =(/¨·(/)· ·¨µ(/)· Μ¨*1)· (vir-
tual legal assistants) ΄(% !* ῟(%µ=-¨·.Λ*-* µ=!%;: ᾿¨·(!)· /%( ·¨µ(/)· ΅᾿*5=-()·, -!(+
=∆%5µ¨΄Α+ µ= .µ=-* ᾿56-Λ%-* -!¨· ᾿=·.!* (client-facing applications) ᾿¨΅ ῟(=΅/¨·:·¨΅·
!* ·¨µ(/2 =᾿(/¨(·Γ·῾% /%( -΅µΛ¨΅·=΅!(/2, /%1)+ /%( -!*· ¨·¨/·*5ΓµΑ·* =·-Γµ.!Γ-* !Γ·
µ=΄.·Γ· ΄·Γ--(/)· µ¨·!Α·Γ· (LLMs) -!% =5΄%·=῾% ῟(%Θ=῾5(-*+ ΅᾿¨1Α-=Γ· (case manage-
ment tools) /%( !(+ -΅·=5΄%!(/Α+ ·¨µ(/Α+ =5΄%-῾=+ (collaborative legal workflows). 8῟(%῾!=5*
Αµ∆%-* ῟῾·=!%( -!*· !=Θ·(/2 %·.·΅-*, !*· ᾿5%/!(/2 ΅·¨᾿¨῾*-* /%( !*· /5(!(/2 %;(¨·6΄*-
-* !Γ· ·:-=Γ· %΅!)·, %·%῟=(/·:¨·!%+ !% ¨∆Α·*, !(+ ᾿5¨/·2-=(+ /%( !(+ ᾿5¨¨᾿!(/Α+ ᾿¨΅
᾿5¨-∆Α5=( * =·-Γµ.!Γ-2 !¨΅+ -!* -:΄Θ5¨·* ·¨µ(/2 ᾿5%/!(/2.

4.5.1 ᾿5µ23/ Chatbots 3·2 !235+235΅ Ρ5(Ο5΅

,% ·¨µ(/. -΅-!2µ%!% -΅·¨µ(·῾%+ (legal chatbots) /%( ¨( =(/¨·(/¨῾ Μ¨*1¨῾ (virtual as-
sistants) ΑΘ¨΅· =;=·(Θ1=῾ -= ᾿5¨*΄µΑ·=+ !=Θ·¨·¨΄(/Α+ ·:-=(+ ᾿¨΅ µ=!%-Θ*µ%!῾Σ¨΅· !*· %·-
·*·=᾿῾῟5%-* ᾿=·%!)·, ·¨µ(/)· =᾿%΄΄=·µ%!()· /%( ῟(/%-!(/)· -΅-!*µ.!Γ· µ= !* ·¨µ(/2
᾿·*5¨∆¨5῾%. Χ ΅·¨᾿¨῾*-* %΅!)· !Γ· =5΄%·=῾Γ· -΅·῟΅.Σ=( !=Θ·(/Α+ =᾿=;=5΄%-῾%+ Η΅-(/2+
΄·)--%+, %5Θ(!=/!¨·(/Α+ µ=΄.·Γ· ΄·Γ--(/)· µ¨·!Α·Γ· /%( pipelines %·%Σ2!*-*+ !=/µ*5῾Γ·
(RAG) ΄(% !*· ᾿%5¨Θ2 %/5(Λ)·, !=/µ*5(ΓµΑ·Γ· /%( =5µ*·=:-(µΓ· %᾿%·!2-=Γ· [72].

Χ !΅᾿(/2 !=Θ·(/2 ΅᾿¨῟¨µ2 !Α!¨(Γ· =5΄%·=῾Γ· %᾿¨!=·=῾!%( %᾿6 ῟(%῟¨Θ(/. -!.῟(% ᾿¨΅
;=/(·¨:· µ= !*· =᾿=;=5΄%-῾% Η΅-(/2+ ΄·)--%+ (NLP pipeline), * ¨᾿¨῾% ᾿=5(·%µΛ.·=( !¨·
!=µ%Θ(-µ6 (tokenization), !*· %·%΄·)5(-* ¨·!¨!2!Γ· (entity recognition) /%( !* -*µ%-(¨·¨-
΄(/2 %·.·΅-* (semantic parsing), =᾿(!5Α᾿¨·!%+ -!¨ -:-!*µ% ·% /%!%·¨=῾ -:·1=!% ·¨µ(/.
=5Γ!2µ%!% [72]. 9/¨·¨΅1=῾ * /%!*΄¨5(¨᾿¨῾*-* ᾿5¨1Α-=Γ· (intent classification), 6᾿¨΅ =;=(-
῟(/=΅µΑ·% µ¨·!Α·% µ=!%-Θ*µ%!(-!)· (transformers), 6᾿Γ+ !% LegalBERT, CaseLawBERT 2
GreekLegalBERT, Θ5*-(µ¨᾿¨(¨:·!%( ΄(% !*· %/5(Λ2 %·῾Θ·=΅-* ·¨µ(/)· =··¨()· /%( !*· %·%-
΄·)5(-* !*+ ᾿561=-*+ !¨΅ Θ52-!*. ,¨ -!.῟(¨ !*+ %·./!*-*+ /%( ᾿%5%΄Γ΄2+ (retrieval and
generation) %;(¨᾿¨(=῾ !=Θ·(/Α+ ῟(%·΅-µ%!(/2+ %·%Σ2!*-*+ (vector retrieval) µ= ῟(%·΅-µ%-
!(/Α+ %·%᾿%5%-!.-=(+ (embeddings), ᾿.Θ. µΑ-Γ text-embedding-ada-002 2 multilingual-
e5-base, /%1)+ /%( -΅-!2µ%!% RAG ΄(% !* Μ=·!῾Γ-* !*+ !=/µ*5῾Γ-*+ !Γ· %᾿%·!2-=Γ·.
,Α·¨+, * ῟(%Θ=῾5(-* ῟(%·6΄¨΅ (dialogue management) ΅·¨᾿¨(=῾!%( µ= !* Μ¨21=(% µ*Θ%·)·
/%!.-!%-*+ (state machines) 2 µ*Θ%·(-µ)· Μ%-(-µΑ·Γ· -= ᾿5¨-¨Θ2 (attention-based), )-!=
!¨ -:-!*µ% ·% ῟(%Θ=(5῾Σ=!%( ᾿¨·΅-!%῟(%/Α+ %··*·=᾿(῟5.-=(+ /%( ·% ᾿%5ΑΘ=( ῟(=΅/5(·῾-=(+
6᾿¨΅ %᾿%(!=῾!%( [4].

Χ Θ52-* ·¨µ(/)· chatbots ᾿5¨Ι᾿¨1Α!=( %΅;*µΑ·% µΑ!5% %-∆.·=(%+ ῟=῟¨µΑ·Γ·, =(῟(/.
-= =∆%5µ¨΄Α+ ᾿¨΅ ᾿=5(·%µΛ.·¨΅· =΅%῾-1*!=+ ᾿·*5¨∆¨5῾=+ (᾿.Θ. ᾿5¨-Γ᾿(/. ῟=῟¨µΑ·% 2
-!¨(Θ=῾% ΅᾿¨1Α-=Γ·). 3∆%5µ6Σ¨·!%( -΅Θ·. on-premise =΄/%!%-!.-=(+ (on-premise deploy-
ments) µ= /5΅᾿!¨΄5.∆*-*, %·Γ·΅µ¨᾿¨῾*-* %5Θ=῾Γ· /%!%΄5%∆2+ (logs), /%( ᾿=5(¨5(-µΑ·*
᾿56-Λ%-* -!% ῟=῟¨µΑ·% (access control) [72], [71].

,% ·¨µ(/. -΅-!2µ%!% -΅·¨µ(·῾%+ (legal chatbots) /%( ¨( =(/¨·(/¨῾ Μ¨*1¨῾ (virtual assis-
tants) %᾿¨!=·¨:· /¨µΛ(/6 -*µ=῾¨ -:΄/·(-*+ µ=!%;: !=Θ·*!2+ ·¨*µ¨-:·*+ (artificial intelli-
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gence, AI) /%( ·¨µ(/2+ ᾿5%/!(/2+ (legal practice), =·-Γµ%!)·¨·!%+ !=Θ·(/Α+ %(Θµ2+ (state-of-
the-art) -!*· =᾿=;=5΄%-῾% Η΅-(/2+ ΄·)--%+ (natural language processing, NLP), %·./!*-*
᾿·*5¨∆¨5()· (retrieval), =᾿=;*΄*-(µ6!*!% (explainability) /%( %-∆.·=(% ῟=῟¨µΑ·Γ· (data se-
curity). Β(% Α·%· µ*Θ%·(/6, * ᾿56/·*-* ῟=· =῾·%( µ6·¨ * ῟*µ(¨΅5΄῾% =·6+ ·=(!¨΅5΄(/¨: Μ¨!,
%··. /%( * ῟(%-∆.·(-* %;(¨᾿(-!῾%+ (reliability), =᾿=/!%-(µ6!*!%+ (scalability) /%( Ο=-µ(/2+
-΅µµ65∆Γ-*+ (regulatory compliance) -= Α·% %᾿6 !% ᾿(¨ %᾿%(!*!(/. ᾿=῟῾% =∆%5µ¨΄2+ !*+
!=Θ·*!2+ ·¨*µ¨-:·*+ [72], [4], [71].

Ε( =∆%5µ¨΄Α+ µ= ῟(=᾿%∆2 ᾿5¨+ !¨· ᾿=·.!* (client-facing applications) %᾿¨!=·¨:· ῟΅-
·%µ(/6 ᾿=῟῾¨ !*+ ·¨µ(/2+ !=Θ·¨·¨΄῾%+, =·-Γµ%!)·¨·!%+ ᾿5¨*΄µΑ·=+ !=Θ·(/Α+ AI, LLMs /%(
RAG ΄(% %΅!¨µ%!¨᾿¨῾*-* !*+ =᾿(/¨(·Γ·῾%+ /%( !*+ =;΅᾿*5Α!*-*+ -!¨· ·¨µ(/6 !¨µΑ%. ῝=
%·!῾1=-* µ= !% ᾿%5%῟¨-(%/. -΅-!2µ%!%, ¨( -:΄Θ5¨·=+ ·:-=(+ %;(¨᾿¨(¨:· vector search /%(
!=Θ·(/Α+ =··¨(¨·¨΄(/2+ -΅·.∆=(%+ ΄(% ᾿%5¨Θ2 =;%!¨µ(/=΅µΑ·Γ· %᾿%·!2-=Γ· /%( %΅!6µ%!*
᾿%5%΄Γ΄2 ·¨µ(/)· =΄΄5.∆Γ·. 0¨µΛ(/6 Τ6·¨ ῟(%῟5%µ%!῾Σ=( ¨ -΅·῟΅%-µ6+ ῟(%῟5%-!(/)· Τ¨-
)· =5΄%-῾%+ (interactive workflows) /%( %΅!¨µ%!¨᾿¨(*µΑ·*+ =᾿=;=5΄%-῾%+ ῟=῟¨µΑ·Γ·, ᾿¨΅
=᾿(!5Α᾿¨΅· !* ῟΅·%µ(/2 ᾿5¨-%5µ¨΄2 -!% Θ%5%/!*5(-!(/. /.1= Θ52-!*—6᾿Γ+ -΅µΛ%῾·=( -=
case intake portals 6᾿¨΅ !¨ %῾!*µ% !¨΅ ᾿=·.!* %;(¨·¨΄=῾!%( /%( ῟5¨µ¨·¨΄=῾!%( /%!.··*·%.

Χ ΄·Γ--(/2 ᾿%5%΄Γ΄2 (language generation) µΑ-Γ LLMs =᾿(!5Α᾿=( !* -:·1=-* %᾿%-
·!2-=Γ· -= Η΅-(/2 ΄·)--% /%( !*· %΅!6µ%!* ῟*µ(¨΅5΄῾% =΄΄5.∆Γ·, 6᾿Γ+ -΅µΛ.-=Γ· /%(
΅᾿¨µ·*µ.!Γ·, =῾!= µ= templates =῾!= µ= =;%!¨µ(/=΅µΑ·=+ Τ¨Α+. ῭·%!∆65µ=+ 6᾿Γ+ DocuSign,
LegalZoom /%( ·¨µ(/. portals ΅·¨᾿¨(¨:· RAG pipelines ΄(% ·% ῟(%-∆%·῾Σ¨΅· !=/µ*5(ΓµΑ·=+
/%( %;(6᾿(-!=+ ᾿%5%῟6-=(+ [71]. Χ ῟(%·΅-µ%!(/2 %·./!*-* (vector retrieval) µ= semantic
embeddings =·(-Θ:=( !*· %·%Σ2!*-* -Θ=!(/)· ·¨µ(/)· !=/µ*5῾Γ·, =·) * =·-Γµ.!Γ-* µ*-
Θ%·(-µ)· %΅!6µ%!*+ %·῾Θ·=΅-*+ =··(᾿)· 2 %·%/5(Λ)· %᾿%·!2-=Γ· %΅;.·=( !*· %;(¨᾿(-!῾%
[43]. 05῾-(µ=+ ᾿5¨/·2-=(+ %᾿¨!=·¨:· * =᾿%·21=΅-* (validation) /%( * %-∆.·=(% ῟=῟¨-
µΑ·Γ· (data privacy, GDPR compliance), /%1)+ /%( * ᾿5¨-!%-῾% ᾿5¨-Γ᾿(/)· ῟=῟¨µΑ·Γ·
µΑ-Γ /5΅᾿!¨΄5.∆*-*+ /%( %·Γ·΅µ¨᾿¨῾*-*+. Χ ῟(%·=(!¨΅5΄(/6!*!% (interoperability) µ=
DMS, -΅-!2µ%!% ῟(%Θ=῾5(-*+ ΅᾿¨1Α-=Γ· /%( ᾿·%!∆65µ=+ e-signature ῟(%-∆%·῾Σ=( ¨·(-!(-
/2 =µ᾿=(5῾% Θ52-*+, =·) * ῟(%5/2+ =·*µΑ5Γ-* !Γ· Μ.-=Γ· ΄·)-*+ =῾·%( %·%΄/%῾% ΄(% !*·
᾿5¨-%5µ¨΄2 -= ·¨µ¨1=!(/Α+ %··%΄Α+.

Χ %᾿¨!=·=-µ%!(/6!*!% %΅!)· !Γ· =∆%5µ¨΄)· µ=!5.!%( µ= ῟=῾/!=+ 6᾿Γ+ ¨ Μ%1µ6+ (/%-
·¨᾿¨῾*-*+ Θ5*-!)·, !¨ ᾿¨-¨-!6 %΅!¨µ%!¨᾿¨(*µΑ·*+ ῟(=/᾿=5%῾Γ-*+ /%( * %/5῾Λ=(% ·¨µ(/)·
%᾿%·!2-=Γ·, ΅᾿6 ῟(%5/=῾+ =·Α΄Θ¨΅+ /%( audits [43], [72]. ,=·(/., ¨( =∆%5µ¨΄Α+ µ= ῟(=᾿%∆2
᾿5¨+ !¨· ᾿=·.!* µ=!%-Θ*µ%!῾Σ¨΅· !¨ ᾿=῟῾¨ !Γ· ·¨µ(/)· ΅᾿*5=-()·, ᾿5¨-∆Α5¨·!%+ !%Θ:!*-
!%, %΅!¨µ%!¨᾿¨῾*-* /%( ῟(%∆.·=(%, ΅᾿6 !*· ᾿5¨Ι᾿61=-* %΅-!*5¨: !=Θ·(/¨: -Θ=῟(%-µ¨:,
-΅·=Θ¨:+ ᾿¨(¨!(/2+ ᾿%5%/¨·¨:1*-*+ /%( -΅µµ65∆Γ-*+ µ= !¨ ·¨µ¨1=!(/6 /%( ῟=¨·!¨·¨΄(/6
᾿·%῾-(¨ [71], [43], [72].

4.5.2 !+΄*µ/)*΄( ΄- Β῝΄)Νµ·)· 72·Λ-΅%2΄(Κ ᾿5µ23ΝΚ Φ%·3)23ΝΚ

Χ -:΄Θ5¨·* =·-Γµ.!Γ-* !=Θ·¨·¨΄()· !=Θ·*!2+ ·¨*µ¨-:·*+ /%( =(῟(/. µ=΄.·Γ· ΄·Γ--(-
/)· µ¨·!Α·Γ· (LLMs) -= -΅-!2µ%!% ῟(%Θ=῾5(-*+ ·¨µ(/2+ ᾿5%/!(/2+ (Practice Management
Systems – PMS) ῟=· ᾿=5(¨5῾Σ=!%( -!*· %᾿·2 %΅!¨µ%!¨᾿¨῾*-* =5΄%-()·, %··. =(-.΄=( ·Α=+
%5Θ(!=/!¨·(/Α+, ῟(%·=(!¨΅5΄(/6!*!% /%( Μ.1¨+ %·.·΅-*+ ῟=῟¨µΑ·Γ· ᾿¨΅ µ=!%-Θ*µ%!῾Σ¨΅·
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Τ(Σ(/. !* ·=(!¨΅5΄῾% !Γ· ·¨µ(/)· ΄5%∆=῾Γ·. Ε( ᾿·%!∆65µ=+ %΅!Α+ ΅(¨1=!¨:· modular %5-
Θ(!=/!¨·(/2, =᾿(!5Α᾿¨·!%+ !*· =΅Α·(/!* ῟(%-:·῟=-* ΅᾿¨-΅-!*µ.!Γ·, 6᾿Γ+ * ῟(%Θ=῾5(-* ΅-
᾿¨1Α-=Γ·, =΄΄5.∆Γ·, ᾿=·%!)· /%( ¨(/¨·¨µ(/)· -΅·%··%΄)·, µ= ᾿5¨*΄µΑ·% ΅᾿¨-΅-!2µ%!%
=᾿=;=5΄%-῾%+ Η΅-(/2+ ΄·)--%+ /%( µ*Θ%·(/2+ µ.1*-*+.

῝= !=Θ·(/6 =᾿῾᾿=῟¨, * ῟(%Θ=῾5(-* ΅᾿¨1Α-=Γ· (case management) Μ%-῾Σ=!%( -!* ῟΅·%-
µ(/2 -:·῟=-* µ=!%῟=῟¨µΑ·Γ· (!:᾿¨+ ΅᾿61=-*+, ᾿5¨1=-µ῾=+, ᾿=·.!=+) µ= !=/µ*5(ΓµΑ·% %-
᾿¨-᾿.-µ%!% %᾿6 !* Μ.-* ΄·)-*+ !¨΅ ΄5%∆=῾¨΅. Χ ῟(%Θ=῾5(-* =΄΄5.∆Γ· ΅·¨᾿¨(=῾!%( µ=
Θ52-* semantic search, indexing /%( version control, 6᾿¨΅ /.1= Α΄΄5%∆¨ µ=!%!5Α᾿=!%(
-= ῟(%·΅-µ%!(/2 %·%᾿%5.-!%-* (embedding) /%( -΅·῟Α=!%( µ= !*· !5ΑΘ¨΅-% ΅᾿61=-* 2 !¨
᾿=·%!¨·6΄(¨, ῟(=΅/¨·:·¨·!%+ !¨· =·!¨᾿(-µ6 /%( !*· %;(¨·6΄*-* /5῾-(µΓ· ᾿·*5¨∆¨5()· [72].

Χ %΅!¨µ%!¨᾿¨῾*-* ῟(%῟(/%-()· =᾿(!΅΄Θ.·=!%( µΑ-Γ Τ¨)· =5΄%-῾%+ (workflows) ᾿¨΅ =-
·=5΄¨᾿¨(¨:·!%( =῾!= µ= Μ.-* -΅΄/=/5(µΑ·=+ =·Α5΄=(=+ (᾿.Θ. =(-%΄Γ΄2 ·Α%+ ΅᾿61=-*+, =·*-
µΑ5Γ-* =΄΄5.∆¨΅) ==῾!= µ= -΅µΛ.·!% ᾿¨΅ ῟(%/(·¨:·!%( -= Α·%· ῟῾%΅·¨ -΅µΛ.·!Γ· (event
bus), 6᾿Γ+ !% Kafka, RabbitMQ. ,% µ*·:µ%!% ᾿¨΅ ᾿%5.΄¨·!%(, ῟5¨µ¨·¨΄¨:·!%( -!% /%-
!.··*·% ΅᾿¨-΅-!2µ%!% (modules), 6᾿Γ+ modules =᾿=;=5΄%-῾%+ =΄΄5.∆Γ·, /%!%΄5%∆2+ =-
·Α΄Θ¨΅ (audit logging), =(῟¨᾿¨(2-=Γ· /%( %·.·΅-*+ ῟=῟¨µΑ·Γ· (analytics), =·) !% µ=΄.·%
΄·Γ--(/. µ¨·!Α·% (LLMs) /%·¨:·!%( /%!. %᾿%῾!*-* (on-demand) ·% %·%·.Λ¨΅· tasks 6᾿Γ+
%΅!6µ%!* -:·!%;* =΄΄5.∆Γ·, ῟*µ(¨΅5΄῾% %᾿%·!2-=Γ· -= ᾿=·.!=+ 2 %;(¨·6΄*-* -΅µΛ¨·%῾Γ·
[4], [71]. ῝= %΅!6 !¨ ᾿·%῾-(¨, !¨ pipeline 9·./!*-*+-3·(-Θ΅µΑ·*+ ῭%5%΄Γ΄2+ (RAG pipeline)
-΅·῟΅.Σ=( -*µ%-(¨·¨΄(/2 %·./!*-* (semantic retrieval) µ= ᾿5¨-%5µ¨-µΑ·¨ +¨·!=;! (contex-
tual prompting), Α!-( )-!= !¨ LLM ·% %᾿%·!. -= =5Γ!2µ%!% Θ5*-(µ¨᾿¨()·!%+ !=/µ*5(ΓµΑ·%
%᾿¨-᾿.-µ%!% %᾿6 !¨ ·¨µ(/6 %5Θ=῾¨ !¨΅ ΄5%∆=῾¨΅.

Χ ῟(%·=(!¨΅5΄(/6!*!% =᾿(!΅΄Θ.·=!%( µ= ΅·¨᾿¨῾*-* RESTful 2 GraphQL APIs, =᾿(!5Α᾿¨-
·!%+ -!% ΅᾿¨-΅-!2µ%!% PMS ·% %·!%··.--¨΅·% ῟(%-΅·῟Α¨΅· ῟=῟¨µΑ·% µ= =;Γ!=5(/. =5΄%-
·=῾% (6᾿Γ+ ᾿῾·%/=+ %·.·΅-*+ ῟=῟¨µΑ·Γ· (analytics dashboards), ᾿·%!∆65µ=+ /%·¨·(-!(/2+
-΅µµ65∆Γ-*+ (compliance platforms) 2 ΅᾿*5=-῾=+cloud !5῾!Γ· (third-party cloud services))
/%( ·% =·-Γµ%!)·¨΅· µ=΄.·% ΄·Γ--(/. µ¨·!Α·% (LLMs) ᾿¨΅ %·%·%µΛ.·¨΅· =᾿(µΑ5¨΅+ ῟(=5-
΄%-῾=+, 6᾿Γ+ -:·¨Κ* =΄΄5.∆Γ· (document summarization), -:·!%;* (drafting) /%( ·¨µ(/2
%·%Σ2!*-* (legal search). Ν3·% -:΄Θ5¨·¨ ᾿56!΅᾿¨ =῾·%( * Θ52-* %515Γ!)· =΅∆΅)· ᾿5%-
/!65Γ· (modular AI agents), 6᾿¨΅ /.1= agent =;=(῟(/=:=!%( -= ῟(%∆¨5=!(/2 Ο=µ%!(/2 =·6!*-
!% (᾿.Θ. =5΄%!(/6 ῟῾/%(¨, %·.·΅-* -΅µΛ¨·%῾Γ·), ῟ΑΘ=!%( =5Γ!2µ%!% (queries) /%( =᾿(-!5Α∆=(
%᾿¨!=·Α-µ%!% µΑ-Γ Α;΅᾿·*+ ῟5¨µ¨·6΄*-*+ (intelligent routing), µ=΄(-!¨᾿¨()·!%+ Α!-( !*·
=;=(῟῾/=΅-* /%( !*· =᾿=/!%-(µ6!*!% !¨΅ -΅-!2µ%!¨+ [71], [43].

Χ =·-Γµ.!Γ-* Μ.-=Γ· ῟(%·΅-µ.!Γ· (vector databases) — 6᾿Γ+ !% FAISS, Pinecone,
Qdrant — =᾿(!5Α᾿=( !* ῟(%5/2 =·*µΑ5Γ-* !Γ· ῟(%·΅-µ%!(/)· %·%᾿%5%-!.-=Γ· (embed-
dings) 6·Γ· !Γ· =΄΄5.∆Γ· /%( !*· ᾿5%΄µ%!¨᾿¨῾*-* -*µ%-(¨·¨΄(/2+ %·%Σ2!*-*+ (semantic
search) 6Θ( µ6·¨ µ= Μ.-* !¨ ᾿·25=+ /=῾µ=·¨, %··. /%( µ= Η῾·!5% ᾿¨΅ ·%µΛ.·¨΅· ΅᾿6Κ*
!¨ -΅µ∆5%Σ6µ=·¨ (context-aware filters), 6᾿Γ+ ¨ !:᾿¨+ ΅᾿61=-*+, ¨ ᾿=·.!*+, * *µ=5¨µ*-
·῾% 2 !¨ ῟(/%-!25(¨. 9΅!6 =᾿(!5Α᾿=( !* ΄52΄¨5* %·./!*-*, ¨µ%῟¨᾿¨῾*-* (clustering) /%(
᾿5¨!=5%(¨᾿¨῾*-* =΄΄5.∆Γ· ΄(% /.1= Θ52-* — %᾿6 ·¨µ(/2 Α5=΅·% (legal research) µΑΘ5(
᾿5¨=!¨(µ%-῾% ΄(% /%!.1=-* -= ῟(/%-!25(¨ (preparation for court filings) [4].

῝= =᾿῾᾿=῟¨ ῟(%-∆.·(-*+ ᾿¨(6!*!%+ /%( %;(¨᾿(-!῾%+, * ΅(¨1Α!*-* !=Θ·(/)· 6᾿Γ+ Α·=΄Θ¨+
᾿56-Λ%-*+ Μ.-=( Τ6·Γ· (role-based access control), ᾿·25*+ /5΅᾿!¨΄5.∆*-* ῟=῟¨µΑ·Γ· (-=
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/%!.-!%-* %῟5.·=(%+ /%( /%!. !* µ=!%∆¨5. — at rest & in transit), (Θ·*·.!*-* -΅µΛ.·!Γ·
µ= ῟΅·%!6!*!% =·Α΄Θ¨΅ (auditable event trails), /%1)+ /%( %΅!¨µ%!¨᾿¨(*µΑ·* %·Γ·΅µ¨᾿¨-
῾*-* !Γ· ῟=῟¨µΑ·Γ· =/᾿%῾῟=΅-*+ ΄(% !% LLMs ῟(%-∆%·῾Σ=( !* -΅µµ65∆Γ-* µ= /%·¨·(-µ¨:+
(compliance) 6᾿Γ+ ¨( GDPR, CCPA /%( Ο=-µ(/. -!%·῟%5῟+ [72]. 3᾿(᾿·Α¨·, /.1= %΅!¨µ%-
!¨᾿¨(*µΑ·* ῟(%῟(/%-῾% (᾿.Θ. ᾿%5%΄Γ΄2 =΄΄5.∆¨΅) -΅·¨῟=:=!%( %᾿6 µ*Θ%·(-µ¨:+ (Θ·*·%-
-(µ6!*!%+ ᾿%5%᾿¨µ᾿)· (citation tracing) /%( =᾿=;*΄*-(µ6!*!%+ (explainability modules),
)-!= ¨ !=·(/6+ Θ52-!*+ ·% µ᾿¨5=῾ ·% =·!¨᾿῾-=( !¨ µ¨·¨᾿.!( -΅··¨΄(-µ¨: (reasoning path)
/%( !(+ ᾿*΄Α+ ᾿¨΅ Θ5*-(µ¨᾿¨(21*/%· ΄(% /.1= ᾿56!%-* 2 %᾿6∆%-*.

Χ =µ᾿=(5(/2 %;(¨·6΄*-* !Α!¨(Γ· ¨·¨/·*5ΓµΑ·Γ· Practice Management Systems – PMS
ΑΘ=( %·%῟=῾;=( -*µ%·!(/. ¨∆Α·*. ῝:µ∆Γ·% µ= µ=·Α!=+, * ΅·¨᾿¨῾*-* %΅!¨µ%!¨᾿¨(*µΑ·Γ· Τ¨-
)· =5΄%-῾%+ (workflow automation) /%( -*µ%-(¨·¨΄(/2+ %·./!*-*+ =΄΄5.∆Γ· µ=()·=( /%!.
40–60% !¨· Θ56·¨ =᾿=;=5΄%-῾%+ ΅᾿¨1Α-=Γ· /%( =΄΄5.∆Γ·, =·) %΅;.·=( !¨ ᾿¨-¨-!6 ¨516!*-
!%+ !Γ· %·%∆¨5)· !(µ¨·6΄*-*+ (billing reports) /%( -΅µµ65∆Γ-*+ (compliance reports) -=
=᾿῾᾿=῟% .·Γ !¨΅ 95% [71], [43]. Χ Θ52-* %515Γ!)· ᾿5%/!65Γ· LLM (modular LLM agents)
ΑΘ=( %᾿¨῟=(Θ1=῾ %᾿¨!=·=-µ%!(/2 -!* µ=῾Γ-* ·%1)·, -!*· =·῾-Θ΅-* !*+ ῟(%∆.·=(%+ /%( -!*
Μ=·!῾Γ-* !*+ (/%·¨᾿¨῾*-*+ !Γ· Θ5*-!)· — /%1)+ ¨( ῟(/*΄65¨( =᾿(/=·!5)·¨·!%( ᾿·Α¨· -=
¨΅-(%-!(/Α+ ·¨µ(/Α+ =5΄%-῾=+ /%( 6Θ( -= ΄5%∆=(¨/5%!(/Α+ ῟(%῟(/%-῾=+.

3᾿(·=΄µΑ·=+ µ=·Α!=+ ᾿=5῾᾿!Γ-*+ (case studies) ῟=῾Θ·¨΅· 6!( ῟(/*΄¨5(/. ΄5%∆=῾% ᾿¨΅
=∆.5µ¨-%· ¨·¨/·*5ΓµΑ·* =·-Γµ.!Γ-* LLMs /%( modules %΅!¨µ%!¨᾿¨῾*-*+ Τ¨2+ =5΄%-(-
)· (workflow automation modules), ᾿Α!΅Θ%· ῟5%-!(/2 µ=῾Γ-* !¨΅ Θ56·¨΅ =·Α΄Θ¨΅ -΅µ-
Μ¨·%῾Γ· /%( ᾿%5%΄Γ΄2+ ·¨µ(/)· ΄·Γµ¨῟¨!2-=Γ·, %:;*-* !*+ -΅·Α᾿=(%+ (consistency) -!%
᾿%5%΄6µ=·% %᾿¨!=·Α-µ%!% /%( µ=῾Γ-* !Γ· -∆%·µ.!Γ· -΅µµ65∆Γ-*+ (compliance errors)
-= ᾿5%΄µ%!(/Α+ Τ¨Α+ =5΄%-῾%+ [71], [43], [72]. ῝!¨· ῟*µ6-(¨ !¨µΑ%, * =·-Γµ.!Γ-* !Α!¨(Γ·
᾿5%/!(/)· =῾Θ= Γ+ %᾿¨!Α·=-µ% !* µ=῾Γ-* !¨΅ Θ56·¨΅ =·Α΄Θ¨΅ /5%!(/)· -΅µΛ.-=Γ· /%!.
52%, =·) -= =/᾿%(῟=΅!(/. ᾿5¨΄5.µµ%!% (law tech clinics) /%!%΄5.∆*/= =·!΅᾿Γ-(%/2 Μ=·-
!῾Γ-* -!*· !%Θ:!*!% =/µ.1*-*+ !Γ· ·ΑΓ· =5΄%·=῾Γ· %᾿6 ῟(/*΄65¨΅+ /%( Η¨(!*!Α+ ·¨µ(/2+
[71], [72].

4.6 8Θ250Μ.(΄( 3·2 72·΄Π/02΄( Φ52Μ)()·Κ

Χ -΅-!*µ%!(/2 %;(¨·6΄*-* !Γ· -΅-!*µ.!Γ· !=Θ·*!2+ ·¨*µ¨-:·*+ /%( !Γ· LLMs -!¨·
·¨µ(/6 !¨µΑ% %᾿¨!=·=῾ Μ%-(/2 ᾿5¨Ι᾿61=-* ΄(% !*· ΅(¨1Α!*-* /%( !*· %-∆%·2 %;(¨᾿¨῾*-2
!¨΅+ -!*· ᾿5.;*. Χ µ=1¨῟¨·¨΄῾% !*+ %;(¨·6΄*-*+ ΑΘ=( =;=·(Θ1=῾ -*µ%·!(/. !(+ !=·=΅!%῾=+
῟=/%=!῾=+. 95Θ(/., ¨( µ=!5(/Α+ =᾿(/=·!5)·¨·!%· -= ᾿%5%῟¨-(%/. -Θ2µ%!% %/5῾Λ=(%+ (ac-
curacy), %·./·*-*+ (recall), /%( F1-score /΅5῾Γ+ -= -΅-!2µ%!% %·./!*-*+ ᾿·*5¨∆¨5῾%+
(Information Retrieval). Χ %·.᾿!΅;* !Γ· word embeddings Α∆=5= ·Α=+ µ=1¨῟¨·¨΄῾=+, 6᾿Γ+
* µΑ!5*-* ¨µ¨(6!*!%+ (cosine similarity) /%( !% tasks %·%·¨΄()· ·Α;=Γ·, =·) ¨( µ=!5(/Α+
῟(%/5῾1*/%· ᾿·Α¨· -= =·῟¨΄=·=῾+ (intrinsic) /%( =;Γ΄=·=῾+ (extrinsic) [76].

῎-!6-¨, µ= !*· Α·=΅-* !Γ· LLMs !¨ ᾿=῟῾¨ !*+ %;(¨·6΄*-*+ µ=!%!¨᾿῾-!*/= ῟5%-!(/..
ΝΕ᾿Γ+ =᾿(-*µ%῾·=!%( /%( -!¨ .515¨ Revisiting Word Embeddings in the LLM Era, ¨( ᾿%-
Τ%῟¨-(%/Α+ µ=!5(/Α+ %᾿¨῟=῾Θ1*/%· %·=᾿%5/=῾+ ΄(% !*· %᾿¨!῾µ*-* !Γ· ᾿(¨ -:·1=!Γ·, -*µ%-
-(¨·¨΄(/)· /%( -΅µ∆5%Σ6µ=·Γ· (῟(¨!2!Γ· !Γ· LLMs [76]. Χ %;(¨·6΄*-* -2µ=5% Μ%-῾Σ=!%(
-= Α·% ᾿¨·΅῟(.-!%!¨ -:·¨·¨ µ=!5(/)·, 6᾿Γ+ ¨( BERTScore, BLEU, ROUGE, Mean Recip-

78 76¨82µ·*6/( 9%῭·).·



4.6.1 4=1¨῟¨·¨΄῾=+ -:΄/5(-*+ =᾿(῟6-=Γ·

rocal Rank (MRR), normalized Discounted Cumulative Gain (nDCG), %··. /%( µ=!5(/Α+
6᾿Γ+ * !=/µ*5(Γ-(µ6!*!% (faithfulness), ¨ ῟=῾/!*+ ᾿%5%(-12-=Γ· (hallucination rate), * %-
/5῾Λ=(% ᾿%5%᾿¨µ᾿)· (citation accuracy), µ= Αµ∆%-* -!*· %᾿¨!῾µ*-* !*+ !=/µ*5῾Γ-*+, !*+
%;(¨᾿(-!῾%+ /%( !*+ -΅µµ65∆Γ-*+ µ= !¨ =/.-!¨!= ᾿=῟῾¨ =∆%5µ¨΄2+ (domain)..

3(῟(/. -!¨ ·¨µ(/6 ᾿=῟῾¨, * %;(¨·6΄*-* !Γ· LLMs %᾿¨/!. %/6µ* µ=΄%·:!=5* ᾿¨·΅᾿·¨-
/6!*!%, /%1)+ ῟=· %5/=῾ * ΄·Γ--(/2 %/5῾Λ=(% — %᾿%(!=῾!%( µΑ!5*-* !*+ ·¨µ(/2+ %/5῾Λ=(%+
(legal accuracy), !*+ =΄/΅56!*!%+ /%( !*+ -΅µµ65∆Γ-*+ (compliance), !*+ -΅·Α᾿=(%+ /%(
!*+ ῟(%∆.·=(%+ (explainability). Χ !=/µ*5῾Γ-* !Γ· %᾿%·!2-=Γ·, * %·῾Θ·=΅-* ᾿%5%-()-=Γ·
(hallucinations) /%( * =᾿%·*1=΅-(µ6!*!% (verifiability) %᾿¨!=·¨:· /5῾-(µ% -!¨(Θ=῾% ΄(% !*·
᾿5%΄µ%!(/2 %᾿¨῟¨Θ2 !Γ· legal AI tools -!*· ᾿5.;*. Β(% !¨ ·6΄¨ %΅!6, !% -:΄Θ5¨·% -΅-!2µ%-
!% %;(¨·6΄*-*+ -!*5῾Σ¨·!%( ᾿·Α¨· -= benchmarking frameworks =(῟(/. ᾿5¨-%5µ¨-µΑ·% ΄(%
!¨ ῟῾/%(¨ (᾿.Θ. LegalBench, LeCoDe, LegalRAG), ᾿¨΅ -΅·῟΅.Σ¨΅· %΅!¨µ%!¨᾿¨(*µΑ·=+ µ=-
!5(/Α+, %·15)᾿(·* =᾿(Λ=Λ%῾Γ-* (human-in-the-loop) /%( ᾿¨·΅=᾿῾᾿=῟* %·.·΅-* ᾿¨(6!*!%+
[77], [43].

4.6.1 ,-Ο5῭505.΅-Κ ΄Χ.3%2΄(Κ -¨2῭Μ΄-*+

Χ %;(¨·6΄*-* /%( * -΅΄/5(!(/2 %᾿¨!῾µ*-* (benchmarking) -΅-!*µ.!Γ· !=Θ·*!2+ ·¨*-
µ¨-:·*+ -!¨· ·¨µ(/6 !¨µΑ% ΑΘ=( =;=·(Θ1=῾ -= Α·%· (῟(%῾!=5% %᾿%(!*!(/6, ᾿¨·΅᾿%5%΄¨·!(/6
/·.῟¨ !*+ =᾿(-!2µ*+. Χ =᾿(-!*µ¨·(/2 -΅Σ2!*-* ᾿·Α¨· ΅᾿=5Λ%῾·=( !% ᾿%5%῟¨-(%/. met-
rics, =-!(.Σ¨·!%+ -= frameworks /%( =·῟%!%-=!+ ᾿¨΅ ᾿5¨-¨µ¨()·¨΅· !*· ᾿¨·΅᾿·¨/6!*!%
!*+ ᾿5%΄µ%!(/2+ ·¨µ(/2+ ᾿5.;*+, =·-Γµ%!)·¨·!%+ Μ%1(Α+ !=Θ·(/Α+ µ=!5(/Α+, µ=1¨῟¨·¨΄῾=+
%·15Γ᾿¨/=·!5(/2+ %;(¨·6΄*-*+ /%( -΅·=Θ2 -:΄/5(-* µ=!%;: =!=5¨΄=·)· -΅-!*µ.!Γ·. Χ
=;Α·(;* %΅!2 ¨∆=῾·=!%( !6-¨ -!*· .·¨῟¨ !Γ· µ=΄.·Γ· ΄·Γ--(/)· µ¨·!Α·Γ· (LLMs) 6-¨ /%(
-!*· =µ∆.·(-* =(῟(/)· %5Θ(!=/!¨·(/)· RAG, ᾿¨΅ -΅·῟΅.Σ¨΅· %·%Σ2!*-*, !=/µ*5῾Γ-* /%(
΄·Γ--(/2 ᾿%5%΄Γ΄2 -= ᾿5%΄µ%!(/6 Θ56·¨.

Χ %;(¨·6΄*-* µ= !¨ LegalBench-RAG =῾·%( ᾿¨·΅=᾿῾᾿=῟*. Β(% !% tasks %·./!*-*+ (re-
trieval tasks) Θ5*-(µ¨᾿¨(¨:·!%( µ=!5(/Α+ 6᾿Γ+ * %·./·*-* -!*· /¨5΅∆2k(recall@k), ¨ µΑ-¨+
%µ¨(Λ%῾¨+ Μ%1µ6+ /%!.!%;*+ (Mean Reciprocal Rank – MRR), * /%·¨·(/¨᾿¨(*µΑ·* %15¨(-!(-
/2 %᾿¨µ=῾Γ-* /Α5῟¨΅+ (normalized Discounted Cumulative Gain – nDCG) /%( !¨ ᾿¨-¨-!6
=᾿(!΅Θ῾%+ (hit rate), ᾿¨΅ %᾿¨!(µ¨:· !6-¨ !*· ᾿·*56!*!% 6-¨ /%( !*· (=5.5Θ*-* !Γ· %·%/!*-
µΑ·Γ· !=/µ*5῾Γ·.

῝!% tasks ᾿%5%΄Γ΄2+ (generation tasks), * %;(¨·6΄*-* !*+ !=/µ*5(Γ-(µ6!*!%+ (faith-
fulness) ΄῾·=!%( !6-¨ %΅!6µ%!% (µΑ-Γ =᾿(/.·΅Κ*+ µ= !% %·%/!*µΑ·% %᾿¨-᾿.-µ%!% – overlap
with retrieved passages), 6-¨ /%( µ= ᾿%·=·+ ·¨µ(/)· ᾿¨΅ Μ%1µ¨·¨΄¨:· !*· ¨516!*!% /%(
!*· =᾿.5/=(% !Γ· ᾿%5%᾿¨µ᾿)· (citations). Χ %/5῾Λ=(% ᾿%5%᾿¨µ᾿)· (citation accuracy) %-
᾿¨!(µ.!%( µ= %΅!6µ%!¨΅+ =·=΄/!Α+ (automated checkers), =·) * %·῾Θ·=΅-* ᾿%5%(-12-=Γ·
(hallucination rate) ΄῾·=!%( µ= %΅!6µ%!* ῟(%-!%:5Γ-* !Γ· %᾿%·!2-=Γ· µ= !% gold standards.

3᾿(᾿·Α¨·, =∆%5µ6Σ=!%( (Θ·*·%-(µ6!*!% ᾿5¨Α·=΅-*+ (provenance tracking) /%( =;%΄Γ΄2
!*+ ῟(%῟5¨µ2+ -΅··¨΄(-µ¨: (extraction reasoning path), )-!= ·% =·Α΄Θ=!%( %· !¨ µ¨·!Α·¨
µ᾿¨5=῾ ·% !=/µ*5()-=( ᾿·25Γ+ !¨ -΅··¨΄(-µ6 !¨΅ [78].

῭%5. !% ᾿·=¨·=/!2µ%!% !¨΅ LegalBench-RAG, ᾿%5%µΑ·¨΅· -΅΄/=/5(µΑ·% ᾿5¨Λ·2µ%!%,
/΅5῾Γ+ * =;.5!*-* %᾿6 =᾿(-*µ=(ΓµΑ·% (annotated) ·¨µ(/. -)µ%!% /=(µΑ·Γ· (legal corpora)
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0=∆.·%(¨ 4. ῭5%/!(/Α+ =∆%5µ¨΄Α+ /%( !=Θ·(/2 ΅·¨᾿¨῾*-*

᾿¨΅ ᾿=5(¨5῾Σ¨·!%( -΅Θ·. -= %΄΄·¨-%;¨·(/Α+ Α··¨µ=+ !.;=(+. Χ µ=!5(/2 ᾿·*56!*!%+ (faith-
fulness metric), 6-¨ Θ52-(µ* /( %· =῾·%(, ῟=· =;%-∆%·῾Σ=( %᾿6·΅!% !* ·¨µ(/2 ᾿·*56!*!%,
(῟῾Γ+ 6!%· !% %·%/!*µΑ·% !=/µ25(% =῾·%( =··(᾿2 2 %µ∆(·=΄6µ=·%. ,Α·¨+, * %·.΄/* ΄(%
%;(¨·6΄*-* Μ.-=( Θ5΅-¨: ᾿5¨!:᾿¨΅ (gold standard evaluation) µ= Θ=(5¨/῾·*!* =᾿(µΑ·=(%
/%1(-!. !*· =᾿Α/!%-* !¨΅ benchmarking -= .··=+ ΄·)--=+ (6᾿Γ+ !% =··*·(/.) /¨-!¨Λ65%
/%( Θ5¨·¨Λ65%.

῝:µ∆Γ·% µ= !% ᾿=(5%µ%!(/. ῟=῟¨µΑ·% !*+ Μ(Λ·(¨΄5%∆῾%+[77], !% LLMs ᾿¨΅ =/᾿%(῟=-
:¨·!%( µ= =᾿(-*µ=(ΓµΑ·¨΅+ ῟(%·6΄¨΅+ ᾿¨··%᾿·)· ΄:5Γ· (annotated multi-turn dialogues)
%΅;.·¨΅· !* -Θ=!(/6!*!% /%( !*· ᾿·*56!*!% !Γ· %᾿%·!2-=Γ· /%!. 24% -= -ΘΑ-* µ= µ¨·!Α·%
᾿¨΅ ΑΘ¨΅· =/᾿%(῟=΅!=῾ µ6·¨ -= ῟=῟¨µΑ·% =·6+ ΄:5¨΅ (single-turn data). ,% ᾿¨-¨-!. ᾿%5%(-
-12-=Γ· (hallucination rates) ᾿%5%µΑ·¨΅· Θ%µ*·. (7–9%) 6!%· =᾿(Λ.··=!%( %᾿%῾!*-* ΄(%
᾿%5%᾿¨µ᾿Α+ (citation requirement), %··. %΅;.·¨·!%( %(-1*!. -= =5Γ!2µ%!% µ= ᾿=5῾᾿·¨-
/% ᾿5%΄µ%!(/. ᾿=5(-!%!(/. 2 %µ∆(-*µ῾%. Ν3·% /5῾-(µ¨ =:5*µ% !¨΅ LeCoDe =῾·%( 6!( ¨(
·¨µ(/¨῾ %;(¨·¨΄¨:· Γ+ ᾿(¨ -*µ%·!(/2 !* ῟(%∆.·=(% (transparency), ᾿.Θ. !*· (Θ·*·%-(µ6!*-
!% ᾿%5%᾿¨µ᾿)· (citation provenance), -= -ΘΑ-* µ= !¨ :∆¨+ 2 !* Τ*!¨5(/2 Η·΅%5῾% !Γ·
LLMs. ῎-!6-¨, * %;(¨᾿(-!῾% !*+ %·15)᾿(·*+ %;(¨·6΄*-*+ (human evaluation) =;%/¨·¨΅1=῾
·% %µ∆(-Λ*!=῾!%(, /%1)+ ᾿%5¨΅-(.Σ¨·!%( -*µ%·!(/Α+ ῟(%∆¨5Α+ -!* Μ%1µ¨·6΄*-* %·.µ=-%
-= Αµ᾿=(5¨΅+ ·¨µ(/¨:+.

Β(% ᾿(¨ =;=(῟(/=΅µΑ·=+ =5΄%-῾=+, 6᾿Γ+ * %·.·΅-* -΅µΛ¨·%῾Γ· /%( * %·῾Θ·=΅-* %·!(∆.-=-
Γ· 2 %-΅·Α᾿=(%+ (contradictions or inconsistencies), !% benchmarks 6᾿Γ+ !¨ ContractNLI
/%( !¨ CUAD[79] %;(¨·¨΄¨:· -΅·=᾿%΄Γ΄2 (entailment), -΅·¨Θ2 (consistency) /%( =;%΄Γ-
΄2 Τ*!5)· (clause extraction) µ= µ=!5(/Α+ 6᾿Γ+ %/5῾Λ=(% (accuracy), F1-score %·. Τ2!5%,
᾿·*56!*!% (faithfulness) /%( =᾿%·21=΅-* ΅᾿¨-!*5(/!(/)· !=/µ*5῾Γ· (supporting evidence
trace). ,% %᾿¨!=·Α-µ%!% ῟=῾Θ·¨΅· 6!( !% µ¨·!Α·% ᾿¨΅ ΑΘ¨΅· =/᾿%(῟=΅!=῾ %᾿¨/·=(-!(/. -=
·¨µ(/. ῟=῟¨µΑ·% ᾿%5¨΅-(.Σ¨΅· ΑΓ+ /%( 20% %·)!=5* %᾿6῟¨-* -= -ΘΑ-* µ= ΄=·(/. LLMs,
(῟(%῾!=5% -= %᾿%(!*!(/Α+ =5΄%-῾=+ 6᾿Γ+ * %·%΄·)5(-* %-%∆)· 2 ·¨µ(/. %µ∆(·=΄6µ=·Γ·
Τ*!5)·.

3᾿(᾿·Α¨·, -:΄Θ5¨·=+ µ=·Α!=+ ΄(% !*· ᾿56Λ·=Κ* ᾿%5%᾿¨µ᾿)·[80][78] /%( !*· ᾿5%΄µ%!(-
/6!*!% (citation prediction and factuality, ᾿.Θ. SaulLM /%( LegalBench-RAG) ῟=῾Θ·¨΅· 6!(
* ᾿5¨-%5µ¨΄2 -!¨ ᾿=῟῾¨ (domain-specific fine-tuning) /%( * ᾿5¨-%5µ¨-µΑ·* =/᾿%῾῟=΅-*
µ= Τ*!Α+ ¨῟*΄῾=+ (explicit instruction tuning) ¨῟*΄¨:· -= ΅Κ*·6!=5* %/5῾Λ=(% ᾿%5%᾿¨µ᾿)·
(citation accuracy) /%( ᾿·*56!*!% (faithfulness), µ=()·¨·!%+ !¨· /῾·῟΅·¨ ᾿%5%(-12-=Γ·
(hallucinations), %··. 6!( !% ᾿·25Γ+ %΅!¨µ%!¨᾿¨(*µΑ·% pipelines =;%/¨·¨΅1¨:· ·% %᾿%(!¨-
:· ᾿%5ΑµΛ%-* =(῟(/)· (expert intervention) /%( =᾿(-*µ=(ΓµΑ·% -:·¨·% ῟=῟¨µΑ·Γ· %·%∆¨5.+
(gold-standard datasets) ΄(% ᾿5%΄µ%!(/. %;(6᾿(-!* %;(¨·6΄*-*.

῝΅·¨·(/., * =;Α·(;* !Γ· µ=1¨῟¨·¨΄()· %;(¨·6΄*-*+ (benchmarking methodologies) -!*
·¨µ(/2 ᾿·*5¨∆¨5(/2 /%1¨5῾Σ=!%( %᾿6 !*· %·.΄/* ᾿¨·΅=᾿῾᾿=῟*+, =᾿(-!*µ¨·(/. =῟5%(ΓµΑ·*+
/%( ῟(%·=(!¨΅5΄(/2+ %;(¨·6΄*-*+. Ε -΅·῟΅%-µ6+ !=Θ·(/)· µ=!5(/)· (technical metrics), %·-
Ο5Γ᾿¨/=·!5(/2+ =᾿(µΑ·=(%+ (human-centric curation) /%( %·.᾿!΅;*+ %·¨(/!)·, ᾿¨·΅΄·Γ--
-(/)· -΅·6·Γ· ῟=῟¨µΑ·Γ· (open, multilingual datasets) ῟(%-∆%·῾Σ=( !* Μ(Γ-(µ6!*!% /%( !*
Ο=-µ(/2 %᾿¨῟¨Θ2 !Γ· =5΄%·=῾Γ· !=Θ·*!2+ ·¨*µ¨-:·*+ ΄(% !¨ ῟῾/%(¨ (legal AI tools) -= /.1=
῟(/%(¨῟¨-῾%.
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4.6.2 9·῾Θ·=΅-* /%( ῭56·*Κ* ῭%5%(-12-=Γ·

4.6.2 8+΅Λ+-῝΄( 3·2 Φ%Μ0(Ι( Φ·%·2΄ΟΝ΄-*+

Χ %·῾Θ·=΅-* /%( * ᾿56·*Κ* ᾿%5%(-12-=Γ· (hallucinations) -!% -΅-!2µ%!% !=Θ·*!2+
·¨*µ¨-:·*+, (῟῾Γ+ -!% µ=΄.·% ΄·Γ--(/. µ¨·!Α·% ᾿¨΅ =∆%5µ6Σ¨·!%( -!¨ ῟῾/%(¨, %᾿¨!=·=῾
Ο=µ=·()῟* =᾿(-!*µ¨·(/6 /%( !=Θ·¨·¨΄(/6 -!6Θ¨. Ε( ᾿%5%(-12-=(+ -΅·῾-!%·!%( -!*· ᾿%5%΄Γ-
΄2 =-∆%·µΑ·Γ·, %·΅᾿6-!%!Γ· 2 %·%/5(Λ)+ !=/µ*5(ΓµΑ·Γ· %᾿%·!2-=Γ·, ¨( ¨᾿¨῾=+ ῟:·%·!%(
·% =µ∆%·(-!¨:· =῾!= -= =᾿῾᾿=῟¨ ᾿5%΄µ%!(/)· ᾿=5(-!%!(/)· (factual hallucinations), =῾!= -=
·%·1%-µΑ·=+ ·¨µ(/Α+ ᾿%5%᾿¨µ᾿Α+ (citation hallucinations), =῾!= -= =-∆%·µΑ·¨ -΅··¨΄(-µ6
2 ·¨µ(/2 =5µ*·=῾% (reasoning hallucinations), %/6µ% /%( -= %·!(∆%!(/Α+ !¨᾿¨1=!2-=(+ =-
·!6+ !¨΅ ῾῟(¨΅ /=(µΑ·¨΅ (self-contradiction). 3(῟(/. -!¨ ·¨µ(/6 ᾿·%῾-(¨, * :᾿%5;* !Α!¨(Γ·
·%1)· =·ΑΘ=( -¨Λ%5¨:+ /(·῟:·¨΅+, /%1)+ µ᾿¨5=῾ ·% ¨῟*΄2-=( -= ·%·1%-µΑ·=+ %᾿¨∆.-=(+,
=-∆%·µΑ·=+ ·¨µ(/Α+ -΅µΛ¨΅·Α+ 2 %᾿¨῟6µ*-* !*+ Ο=-µ(/2+ %;(¨᾿(-!῾%+ !¨΅ -΅-!2µ%!¨+.

Χ -:΄Θ5¨·* Μ(Λ·(¨΄5%∆῾% [81][72] ᾿5¨ΘΓ5. -= -%∆2 /%!*΄¨5(¨᾿¨῾*-* !Γ· ᾿%5%(-12-=-
Γ· (hallucinations) ᾿¨΅ =µ∆%·῾Σ¨΅· !% -΅-!2µ%!% !=Θ·*!2+ ·¨*µ¨-:·*+ -= ·¨µ(/Α+ =∆%5-
µ¨΄Α+. ῭5%΄µ%!¨·¨΄(/Α+ ᾿%5%(-12-=(+ (factual hallucinations) %∆¨5¨:· !*· ᾿%5%΄Γ΄2
%·΅᾿6-!%!Γ· 2 /%!%-/=΅%-µΑ·Γ· ΄=΄¨·6!Γ· ᾿¨΅ ῟=· ᾿5¨/:᾿!¨΅· %᾿6 !¨ ῟¨1Α· =(-%΄Γ΄(/6
/=῾µ=·¨ (input). 9·!῾-!¨(Θ%, ᾿%5%!*5¨:·!%( ᾿%5%(-12-=(+ ᾿%5%᾿¨µ᾿2+ (citation halluci-
nations), ῟*·%῟2 ᾿%5%᾿¨µ᾿Α+ -= %·:᾿%5/!%, ·%·1%-µΑ·% 2 %·%/5(Λ2 .515%, %᾿¨∆.-=(+ 2
·¨µ(/. ᾿5¨*΄¨:µ=·% (precedents) ΘΓ5῾+ ᾿5%΄µ%!(/2 :᾿%5;*. 3᾿῾-*+, (῟(%῾!=5% -*µ%·!(/Α+
=῾·%( ¨( ᾿%5%(-12-=(+ -΅··¨΄(-µ¨: (reasoning hallucinations), 6᾿¨΅ !¨ µ¨·!Α·¨ %/¨·¨΅1=-
῾ ·%·1%-µΑ·* 2 µ* !=/µ*5(ΓµΑ·* ᾿¨5=῾% =᾿(Θ=(5*µ%!¨·¨΄῾%+, ¨῟*΄)·!%+ -= =-∆%·µΑ·%
-΅µ᾿=5.-µ%!%. ,Α·¨+, -΅·%·!)·!%( /%( %᾿%·!2-=(+ ᾿¨΅ =µ᾿=5(ΑΘ¨΅· %·!(∆.-=(+ 2 %΅!¨%-
·!(∆.-=(+ (contradiction/self-contradiction), µ= !¨ µ¨·!Α·¨ ·% ᾿%5.΄=( %-:µΛ%!=+ 2 %··*-
·¨%·%(5¨:µ=·=+ ΟΑ-=(+ -!¨ ῾῟(¨ 2 -= ῟(%῟¨Θ(/. %᾿¨-᾿.-µ%!%.

,% -:΄Θ5¨·% -΅-!2µ%!% -΅·῟΅.Σ¨΅· ᾿¨··%᾿·Α+ !=Θ·(/Α+ ΄(% !* ῟(%Θ=῾5(-* !Γ· ᾿%5%(-12-=Γ·[81].
῭5Γ!῾-!Γ+, =∆%5µ6Σ¨΅· %΅!¨µ%!¨᾿¨(*µΑ·* %·῾Θ·=΅-* %··*·¨=᾿(/.·΅Κ*+ (automated over-
lap detection), =·Α΄Θ¨·!%+ %· ¨( ᾿%5%΄6µ=·=+ ᾿%5%᾿¨µ᾿Α+ 2 (-Θ΅5(-µ¨῾ ΅᾿.5Θ¨΅· ᾿5.΄µ%!(
-!¨ =(-%΄Γ΄(/6 ᾿·%῾-(¨ (input context) 2 -!¨ -:·¨·¨ %·./!*-*+ (retrieval set). Χ %·῾Θ·=΅-
-* Μ%-῾Σ=!%( -= µ=!5(/Α+ =᾿(/.·΅Κ*+ (overlap scores), -΅-ΘΑ!(-*+ n-gram, /%1)+ /%( -΅-
-ΘΑ!(-*+ =··¨()· µΑ-Γ embeddings similarity 2 µ=!5(/)· 6᾿Γ+ * Attributable to Retrieved
Content (ARC). 3᾿(᾿·Α¨·, %;(¨᾿¨(¨:·!%( !=Θ·(/Α+ ᾿5¨-=΄΄(-!(/2+ !%:!(-*+ /%( Ο=µ%!(/2+
%·!(-!¨῾Θ(-*+ (fuzzy matching /%( domain-specific mapping), µ= Θ52-* %·΄¨5῾1µΓ· =·!¨-
᾿(-µ¨: µ(/5)· ᾿%5%··%΄)· 2 ᾿%5%∆5.-=Γ·, )-!= ·% ῟(%᾿(-!)·=!%( * :᾿%5;* ᾿5%΄µ%!(/2+
·¨µ(/2+ Μ.-*+ (legal support) ᾿῾-Γ %᾿6 /.1= ᾿%5%᾿¨µ᾿2. ῭%5.··*·%, !% ΅᾿¨-΅-!2µ%!%
=·Α΄Θ¨΅ ΄=΄¨·6!Γ· (fact-checking modules) =∆%5µ6Σ¨΅· %΅!6µ%!* =;%΄Γ΄2 ·¨µ(/)· (-Θ΅5(-
-µ)· /%( ῟(%-!%:5Γ-* µ= =;Γ!=5(/Α+ Μ.-=(+ ῟=῟¨µΑ·Γ· (external legal databases), )-!= ·%
=᾿%·*1=:=!%( * :᾿%5;* -Θ=!(/2+ ·¨µ¨·¨΄῾%+ 2 ·¨µ¨1=-῾%+ µΑ-Γ !=Θ·(/)· =··¨(¨·¨΄(/2+ -΅-
·=᾿%΄Γ΄2+ (entailment-based verification). ,Α·¨+, (῟(%῾!=5% /5῾-(µ* ᾿%5%µΑ·=( * %·.·΅-*
-∆%·µ.!Γ· µ= -΅µµ=!¨Θ2 =(῟(/)· (human-in-the-loop error analysis), 6᾿¨΅ =;=(῟(/=΅µΑ·¨(
·¨µ(/¨῾ =·Α΄Θ¨΅· ·=᾿!Α+ 2 %µ∆(·=΄6µ=·=+ ᾿=5(᾿!)-=(+ ᾿¨΅ ῟=· %·(Θ·=:¨·!%( ᾿.·!% %᾿6 !%
%΅!6µ%!% -΅-!2µ%!%, 6᾿Γ+ ¨( ΅᾿%(·(΄µ¨῾ =∆%5µ¨΄2+ ῟(%!.;=Γ· 2 ¨( %µ∆(·=΄6µ=·=+ ·¨µ¨-
·¨΄(%/Α+ ΟΑ-=(+.

῝= ᾿=(5%µ%!(/. ῟=῟¨µΑ·%, * =∆%5µ¨΄2 ΅Λ5(῟(/)· ᾿·%(-῾Γ· (hybrid frameworks, ῟*·.
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0=∆.·%(¨ 4. ῭5%/!(/Α+ =∆%5µ¨΄Α+ /%( !=Θ·(/2 ΅·¨᾿¨῾*-*

%΅!¨µ%!¨᾿¨(*µΑ·* /%( %·15)᾿(·* %·῾Θ·=΅-*) %΅;.·=( -*µ%·!(/. !*· %·./·*-* %·῾Θ·=΅-*+
(recall) ᾿%5%(-12-=Γ·, µ=()·=( !% Κ=΅῟)+ %5·*!(/. (false negatives) /%( ᾿5¨-∆Α5=( ῟(%-
Η.·=(% /%( %;(¨᾿(-!῾%, -!¨(Θ=῾¨ %᾿%5%῾!*!¨ ΄(% =∆%5µ¨΄2 -= ῟(/%-!(/6 2 -΅µΛ¨΅·=΅!(/6
=᾿῾᾿=῟¨ [78].

Χ %᾿¨!=·=-µ%!(/2 ᾿56·*Κ* !Γ· ᾿%5%(-12-=Γ· (hallucination prevention) %᾿¨!=·=῾
-:·1=!* !=Θ·(/2 /%( ¨5΄%·Γ!(/2 ᾿56/·*-*. Ε( ᾿(¨ %;(6᾿(-!=+ -!5%!*΄(/Α+ -2µ=5% ᾿=5(-
·%µΛ.·¨΅· !*· ᾿%5%΄Γ΄2 µ= =·(-Θ΅µΑ·* %·./!*-* (retrieval-augmented generation, RAG),
6᾿¨΅ ¨( %᾿%·!2-=(+ ᾿=5(¨5῾Σ¨·!%( -= !=/µ*5(ΓµΑ·% !µ2µ%!% (segments) ᾿¨΅ ΑΘ¨΅· %·%/!*-
Ο=῾ %᾿6 %;(6᾿(-!=+ Μ.-=(+, µ=()·¨·!%+ -*µ%·!(/. !(+ ᾿%5%(-12-=(+ 6-¨ %΅;.·=!%( * /.·΅Κ*
(coverage) !¨΅ -΅-!2µ%!¨+. ῭%5.··*·%, =∆%5µ6Σ=!%( ᾿=5(¨5(-µΑ·* ᾿%5%΄Γ΄2 /%( ΅᾿¨Θ5=Γ-
!(/2 ᾿%5%᾿¨µ᾿2 (constrained generation, explicit citation requirement), µΑ-Γ /%!.··*·Γ·
=·!¨·)· (prompts) ᾿¨΅ =᾿(Λ.··¨΅· !=/µ*5῾Γ-* /%( =µ᾿¨῟῾Σ¨΅· !*· ᾿%5%΄Γ΄2 %᾿.·!*-*+
ΘΓ5῾+ Α΄/΅5* ᾿*΄2. 3᾿῾-*+, %;(¨᾿¨(=῾!%( * !=Θ·(/2 !Γ· =·!¨·)· %᾿¨Θ2+ /%( !*+ =/!῾µ*-
-*+ %Λ=Λ%(6!*!%+ (abstain prompting, uncertainty estimation), =᾿(!5Α᾿¨·!%+ -!¨ µ¨·!Α·¨
·% «%5·*1=῾» ·% %᾿%·!2-=( -= ᾿=5῾᾿!Γ-* %·=᾿%5/¨:+ !=/µ*5῾Γ-*+, %΅;.·¨·!%+ Α!-( !*· %-
/5῾Λ=(% (precision), =(῟(/. -= %-%∆2 ·¨µ(/. =5Γ!2µ%!% (ambiguous queries). 3᾿(᾿·Α¨·, ¨(
/:/·¨( =·=5΄2+ µ.1*-*+ /%( %·%!5¨∆¨῟6!*-*+ (active learning, feedback loops) µ= -΅µµ=-
!¨Θ2 Θ5*-!)· /%( =᾿(-*µ.·-=(+ ᾿%5%(-12-=Γ· =·(-Θ:¨΅· !* -΅·=Θ2 Μ=·!῾Γ-* µΑ-Γ =᾿%·=/-
᾿%῾῟=΅-*+ (retraining, fine-tuning) !¨΅ µ¨·!Α·¨΅.

῭%5. !*· ᾿56¨῟¨, =;%/¨·¨΅1¨:· ·% ΅∆῾-!%·!%( -*µ%·!(/Α+ ᾿5¨/·2-=(+. ,% bench-
marks %·῾Θ·=΅-*+ ᾿%5%(-12-=Γ· ᾿%5%µΑ·¨΅· -΅Θ·. ᾿=5(¨5(-µΑ·% Γ+ ᾿5¨+ !* ΄·)--% /%(
!* ῟(/%(¨῟¨-῾%, =·) * %·15)᾿(·* ΅᾿¨/=(µ=·(/6!*!% ῟΅-Θ=5%῾·=( !*· !΅᾿¨᾿¨῾*-* !*+ %-
;(¨·6΄*-*+. ῭¨··. LLMs ᾿5¨-%5µ6Σ¨·!%( )-!= ·% %᾿¨∆=:΄¨΅· =:/¨·% %·(Θ·=:-(µ=+ ᾿%-
Τ%(-12-=(+, %··. ΅-!=5¨:· -!*· %·%΄·)5(-* -:·1=!Γ· 2 -᾿.·(Γ· ·¨µ(/)· =5Γ!*µ.!Γ·. Χ
῟΅-/¨·῾% %·῾Θ·=΅-*+ =᾿(!=῾·=!%( 6!%· !% ·¨µ(/. ῟=῟¨µΑ·% ᾿%5%µΑ·¨΅· /·=(-!. 2 µ* %·¨(Θ!.
(closed data). Ν3!-(, * =᾿(-!*µ¨·(/2 -΅Σ2!*-* µ=!%!¨᾿῾Σ=!%( ᾿5¨+ !* ῟*µ(¨΅5΄῾% %·¨(Θ!)·,
᾿¨·΅΄·Γ--(/)· benchmarks ᾿%5%(-12-=Γ·, 6᾿Γ+ !¨ HalluLens /%( !% -:·¨·% ῟=῟¨µΑ·Γ·
!¨΅ LegalBench-RAG, /%1)+ /%( ᾿5¨+ !* ῟(%5/2 -΅·=5΄%-῾% !=Θ·(/)· /%( ·¨µ(/)· ΄(% !*
῟(%-∆.·(-* !*+ %-∆.·=(%+ /%( %;(¨᾿(-!῾%+ -!% ·¨µ(/. -΅-!2µ%!% !=Θ·*!2+ ·¨*µ¨-:·*+.

4.6.3 Β῝.3%2)23Ν 8+/0῝΄( 8¨Μ῭5΄(Κ

Χ -΅΄/5(!(/2 %·.·΅-* %᾿6῟¨-*+ (comparative performance analysis) %᾿¨!=·=῾ Ο=µΑ·(¨
!*+ =᾿(-!*µ¨·(/2+ %;(¨·6΄*-*+ !Γ· ·¨µ(/)· -΅-!*µ.!Γ· !=Θ·*!2+ ·¨*µ¨-:·*+ (legal AI
systems). 7=· =᾿%5/=῾ * %᾿·2 ᾿%5.1=-* !=Θ·(/)· %᾿¨!=·=-µ.!Γ·῍ %᾿%(!=῾!%( ᾿¨·΅=᾿῾᾿=῟*
῟(=5=:·*-* ᾿¨΅ ·%µΛ.·=( ΅᾿6Κ* !% Θ%5%/!*5(-!(/. !Γ· µ¨·!Α·Γ·, !% -:·¨·% ῟=῟¨µΑ·Γ·
(datasets), !(+ ΄·Γ--(/Α+ /%( Ο=-µ(/Α+ (῟(%(!=56!*!=+, !(+ µ=!5(/Α+ (metrics), !*· %;(¨᾿(-!῾%
!*+ %;(¨·6΄*-*+ /%(, /΅5῾Γ+, !* -΅µΛ%!6!*!% !Γ· =΅5*µ.!Γ· µ= !(+ %᾿%(!2-=(+ !*+ ·¨µ(/2+
᾿5.;*+.

Χ %᾿6῟¨-* =·6+ ·¨µ(/¨: -΅-!2µ%!¨+ !=Θ·*!2+ ·¨*µ¨-:·*+ =᾿*5=.Σ=!%( %᾿6 ᾿¨··%᾿·¨-
:+ ᾿%5.΄¨·!=+ : !¨ =῾῟¨+ /%( !*· ᾿¨·΅᾿·¨/6!*!% !¨΅ Α5΄¨΅ (task) —᾿.Θ. %·./!*-* ΅᾿¨-
ΟΑ-=Γ· (case retrieval), %᾿.·!*-* ·¨µ(/)· =5Γ!*µ.!Γ· (legal question answering), =;%΄Γ΄2
65Γ· -΅µΛ¨·%῾Γ· (contract clause extraction)—, !*· ᾿5¨-%5µ¨΄2 !¨΅ LLM -!¨ =/.-!¨!=
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4.6.3 ῝΅΄/5(!(/2 9·.·΅-* 9᾿6῟¨-*+

᾿=῟῾¨ (domain adaptation), !* ΄·Γ--(/2 =᾿(/.·΅Κ* (language coverage), !¨ =῾῟¨+ !¨΅ -΅-
-!2µ%!¨+ %·./!*-*+ (retriever: %5%(6 sparse, ᾿΅/·6 dense, ΅Λ5(῟(/6 hybrid), !*· :᾿%5;*
῟=΅!=5=:¨·!¨+ !%;(·¨µ*!2 (reranker), !*· %᾿%῾!*-* ᾿%5%᾿¨µ᾿)· (citation requirement) /%(
!*· :᾿%5;* =᾿(-*µ%-µΑ·¨΅ Θ5΅-¨: ᾿5¨!:᾿¨΅ (annotated gold standard). Χ ῟(=1·2+ Μ(-
Μ·(¨΄5%∆῾%, =(῟(/. !% %᾿¨!=·Α-µ%!% !¨΅ LegalBench-RAG, ΑΘ=( !=/µ*5()-=( 6!( ῟=· ΅᾿.5Θ=(
=·(%῾% ΜΑ·!(-!* ·:-*, /.1= -:-!*µ% =᾿=;=5΄%-῾%+ (pipeline) ᾿%5¨΅-(.Σ=( ῟(%∆¨5=!(/. ᾿·=-
¨·=/!2µ%!% /%( µ=(¨·=/!2µ%!% (strengths & weaknesses) %·.·¨΄% µ= !* Τ:1µ(-* /%( !¨
=/.-!¨!= -=·.5(¨ Θ52-*+ (use case).

,% µ¨·!Α·% ᾿¨΅ ΑΘ¨΅· ΅᾿¨-!=῾ ᾿=5%(!Α5Γ =/᾿%῾῟=΅-* (fine-tuning) -= ·¨µ(/. -)µ%!%
/=(µΑ·Γ· (legal corpora), 6᾿Γ+ !% LegalBERT /%( Lawformer, %᾿¨῟῾῟¨΅· -!%1=5. /%·:!=5%
Γ+ ᾿5¨+ !*· %·*1¨∆.·=(% (faithfulness) /%( !*· %/5῾Λ=(% ᾿%5%᾿¨µ᾿)· (citation accuracy),
=·) !% ΄=·(/¨: -/¨᾿¨: LLMs (general-purpose LLMs) =µ∆%·῾Σ¨΅· %΅;*µΑ·* =΅=·(;῾% -=
=5Γ!2µ%!% =·=:1=5¨΅ /=(µΑ·¨΅ (free-text queries), %··. /%( ΅Κ*·6!=5* ᾿(1%·6!*!% =µ-
Η.·(-*+ ᾿%5%(-12-=Γ· (hallucinations) /%( ·%1)· -!(+ ᾿%5%᾿¨µ᾿Α+ (citation errors). ,%
᾿΅/·. -΅-!2µ%!% %·./!*-*+ (dense retrievers, ᾿.Θ. SPLADE, ColBERT) =᾿(!΅΄Θ.·¨΅· -*-
µ%·!(/. ΅Κ*·6!=5* %·./·*-* -!*· (recall@10) -= tasks %·./!*-*+, Γ-!6-¨ ΅-!=5¨:· -=
=5µ*·=΅-(µ6!*!% (interpretability) -= -ΘΑ-* µ= ΅Λ5(῟(/Α+ ·:-=(+ (hybrid sparse+dense, ᾿.Θ.
BM25+dense reranking), ¨( ¨᾿¨῾=+ ᾿5¨-∆Α5¨΅· /%·:!=5* (-¨55¨᾿῾% %·.µ=-% -= %·./·*-*
/%( =᾿=;*΄*-(µ6!*!% (recall /%( explainability) [43], [78].

Χ -:΄/5(-* µ=!%;: =µ᾿¨5(/)· ῟(=᾿%∆)· ᾿5¨΄5%µµ%!(-µ¨: (commercial APIs) /%( %-
·¨(Θ!¨: /)῟(/% -΅-!*µ.!Γ· =᾿=;=5΄%-῾%+ (open-source pipelines) %·%῟=(/·:=( !% ᾿·=¨·=-
/!2µ%!% /%( !% µ=(¨·=/!2µ%!% /.1= ᾿5¨-Α΄΄(-*+. ,% =µ᾿¨5(/. LLMs (commercial LLMs,
᾿.Θ. GPT-4, Claude) =µ∆%·῾Σ¨΅· ΅Κ*·2 %᾿6῟¨-* -= ΄=·(/. Α5΄%, =;%(5=!(/2 ΄·Γ--(/2 Η΅-
-(/6!*!% /%( ᾿¨·΅΄·Γ--(/2 -!25(;*, %··. ·=(!¨΅5΄¨:· Γ+ µ%:5% /¨΅!(. (black boxes) µ=
᾿=5(¨5(-µΑ·* =᾿=;*΄*-(µ6!*!% /%( ῟(%∆.·=(% (transparency), /%1)+ /%( %Λ=Λ%(6!*!% Γ+
᾿5¨+ !*· ᾿*΄2 !Γ· ᾿%5%᾿¨µ᾿)· (citation provenance). 9·!῾1=!%, !% %/%῟*µ%Π/. LLMs %-
·¨(Θ!¨: /)῟(/% (open-source legal LLMs) ᾿%5ΑΘ¨΅· ᾿·25* Α·=΄Θ¨, ΅Κ*·2 =5µ*·=΅-(µ6!*!%
(interpretability) /%( ῟΅·%!6!*!% ᾿5¨-%5µ¨΄2+ (fine-tuning) -= =1·(/. 2 Ο=µ%!(/. -:·¨·%
῟=῟¨µΑ·Γ·, %··. -΅Θ·. ΅-!=5¨:· -= /.·΅Κ* (coverage) —(῟῾Γ+ ΄(% ΄·)--=+ µ= ·(΄6!=5¨΅+
᾿65¨΅+ (low-resource languages)— /%( -= =:5¨+ ·¨µ(/)· Ο=µ.!Γ·.

8῟(%῾!=5* ᾿5¨-¨Θ2 %᾿%(!=῾ * -΅΄/5(!(/2 %·.·΅-* µ=!%;: ῟(%∆¨5=!(/)· ῟(/%(¨῟¨-()· (ju-
risdictions). Χ %᾿6῟¨-* !Γ· µ¨·!Α·Γ· -= -:·¨·% ῟=῟¨µΑ·Γ· 6᾿Γ+ !¨ GreekBarBench 2 !¨
SwiLTra-Bench %·%῟=(/·:=( !(+ =΄΄=·=῾+ ᾿5¨/·2-=(+ !Γ· LLMs -= ΄·)--=+ µ= ᾿=5(¨5(-µΑ·%
῟=῟¨µΑ·%, 6᾿¨΅ * %/5῾Λ=(% (accuracy) /%( * %·*1¨∆.·=(% (faithfulness) µ᾿¨5¨:· ·% µ=(Γ-
Ο¨:· ΑΓ+ /%( 20% -= -:΄/5(-* µ= !% %΄΄·(/. benchmarks, ΅᾿¨΄5%µµ῾Σ¨·!%+ !*· %·.΄/*
΄(% !¨᾿(/2 !=Θ·¨·¨΄(/2 %·.᾿!΅;* /%( =µ᾿·¨΅!(-µ6 !Γ· Θ5΅-)· ᾿5¨!:᾿Γ· (gold standard
datasets) [5], [74].

Χ %;(¨·6΄*-* µ= ᾿5%΄µ%!(/. =5Γ!2µ%!% (real-world queries), 6᾿Γ+ * %·./!*-* ΅᾿¨-
ΟΑ-=Γ· %᾿6 =··*·(/. ῟(/%-!25(% 2 * ᾿¨·΅΄·Γ--(/2 ·¨µ(/2 µ=!.∆5%-* -!*· 3·Λ=!῾%, ῟=-
῾Θ·=( 6!( !% =µ᾿¨5(/. µ¨·!Α·% %᾿%(!¨:· =᾿(᾿·Α¨· =·῾-Θ΅-* (domain adaptation, feedback,
human-in-the-loop), =·) !% =;=(῟(/=΅µΑ·% ·¨µ(/. µ¨·!Α·% (legal-tuned models) ᾿5Α᾿=( ·%
-΅µ᾿·*5)·¨·!%( %᾿6 =;=(῟(/=΅µΑ·¨ -:-!*µ% %·./!*-*+, =·=5΄2 µ.1*-* (active learning)
/%( Θ=(5¨/῾·*!* =᾿(µΑ·=(% (manual curation).
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Χ ¨΅-(%-!(/2 -΅΄/5(!(/2 %·.·΅-* %᾿6῟¨-*+ %᾿¨!=·=῾ !¨ =᾿(-!*µ¨·(/6 =5΄%·=῾¨ ᾿¨΅
%᾿¨/%·:᾿!=( !% ᾿·=¨·=/!2µ%!% /%( !% 65(% /.1= !=Θ·¨·¨΄(/2+ ᾿5¨-Α΄΄(-*+. Χ %·΅-῾῟%
!*+ %᾿6῟¨-*+ ῟=· /%1¨5῾Σ=!%( µ6·¨ %᾿6 !*· %/5῾Λ=(% (accuracy) /%( !*· %·./·*-* (recall),
%··. /%( %᾿6 !* ῟(%∆.·=(% (transparency), !*· =᾿=;*΄*-(µ6!*!% (explainability), !* ·¨µ(/2
%·1=/!(/6!*!% (legal robustness) /%( !* Ο=-µ(/2 %᾿¨῟¨Θ2 (institutional acceptance). Χ
¨51¨·¨΄(/2 =᾿(·¨΄2 /%( =·-Γµ.!Γ-* !Γ· /%!.··*·Γ· -΅-!*µ.!Γ· =᾿=;=5΄%-῾%+ (pipelines)
᾿=5·. %·%΄/%-!(/. %᾿6 ᾿¨·΅=᾿῾᾿=῟*, !=/µ*5(ΓµΑ·* (evidence-based) /%( =᾿(-!*µ¨·(/.
=῟5%(ΓµΑ·* -΅΄/5(!(/2 %᾿¨!῾µ*-*.

4.6.4 ,-)%Ν΄-2Κ ᾿5µ23ΝΚ 83%΅Α-2·Κ

Χ %;(¨·6΄*-* !*+ ·¨µ(/2+ %/5῾Λ=(%+ (legal accuracy) -!% -:΄Θ5¨·% -΅-!2µ%!% !=Θ·*!2+
·¨*µ¨-:·*+ %᾿¨!=·=῾ ῾-Γ+ !* µ=΄%·:!=5* =᾿(-!*µ¨·(/2 ᾿56/·*-* -!¨· Θ)5¨ !*+ ·¨µ(/2+
᾿·*5¨∆¨5(/2+. 7=· %5/=῾ * =᾿(!΅Θ῾% -= -΅µΛ%!(/Α+ µ=!5(/Α+ /%!*΄¨5(¨᾿¨῾*-*+, /%1)+
/.1= %᾿.·!*-* ¨∆=῾·=( ·% =῾·%( ᾿5%΄µ%!¨·¨΄(/. %/5(Λ2+, !=/µ*5(ΓµΑ·* Γ+ ᾿5¨+ !(+ ᾿%-
Τ%᾿¨µ᾿Α+, ῟(%∆%·2+ -!* ·¨΄(/2 %·΅-῾῟% ᾿¨΅ %/¨·¨΅1=῾ /%( =᾿%·*1=:-(µ* %᾿6 %·=;.5!*-
!¨΅+ %;(¨·¨΄*!Α+. ,% ᾿·Α¨· ᾿5¨*΄µΑ·% benchmarks, 6᾿Γ+ !% LegalBench-RAG, LeCoDe,
GreekBarBench, ΑΘ¨΅· =(-%΄.΄=( -:·1=!=+ µ=!52-=(+, -΅·῟΅.Σ¨·!%+ !*· %/5(Λ2 !%:!(-*
(exact match), !*· %/5῾Λ=(% ᾿%5%᾿¨µ᾿)· (citation accuracy), !* ῟(%∆.·=(% -΅··¨΄(-!(/2+
(explainability) /%( !*· %·*1¨∆.·=(% (faithfulness) !Γ· %᾿%·!2-=Γ·. ῭%5. !*· ᾿56¨῟¨, *
᾿5%΄µ%!(/2 ·¨µ(/2 ¨516!*!% =;%/¨·¨΅1=῾ ·% =῾·%( ῟:-/¨·¨ ·% !΅᾿¨᾿¨(*1=῾, /%1)+ =᾿*5=-
.Σ=!%( %᾿6 !¨ =/.-!¨!= Ο=-µ(/6 /%( ᾿¨·(!(-µ(/6 ᾿·%῾-(¨, %··. /%( %᾿6 !* ῟΅·%!6!*!% !Γ·
-΅-!*µ.!Γ· ·% %·!=᾿=;Α5Θ¨·!%( -= =5Γ!2µ%!% µ= ᾿¨··%᾿·Α+ 2 %µ∆(-Λ*!¨:µ=·=+ =5µ*·=῾=+.
Χ =5=΅·*!(/2 ᾿5¨-᾿.1=(% =᾿(/=·!5)·=!%( ᾿·Α¨· -!* ῟*µ(¨΅5΄῾% %·¨(/!)·, ῟(%·=(!¨΅5΄(/)·
/%( Ο=-µ(/. Α΄/΅5Γ· µ=!5(/)· /%( -΅·6·Γ· ῟=῟¨µΑ·Γ·, )-!= ·% ῟(%-∆%·῾Σ=!%( 6Θ( µ6·¨ *
!=Θ·(/2 =᾿.5/=(%, %··. /%( * ¨΅-(%-!(/2 %᾿¨῟¨Θ2 !Γ· -΅-!*µ.!Γ· !=Θ·*!2+ ·¨*µ¨-:·*+
-!* ·¨µ(/2 ᾿5.;*.

Χ ¨΅-(%-!(/2 %᾿¨!῾µ*-* !*+ ·¨µ(/2+ %/5῾Λ=(%+ (legal accuracy) /%( !*+ ᾿5%/!(/2+ Θ5*-
-(µ6!*!%+ !Γ· -΅-!*µ.!Γ· !=Θ·*!2+ ·¨*µ¨-:·*+ -!* ·¨µ(/2 ᾿5.;* %᾿%(!=῾ benchmarking
6Θ( µ6·¨ -= %΅!6µ%!=+ µ=!5(/Α+, %··. /%( -= Τ=%·(-!(/., ᾿¨·΅=᾿῾᾿=῟% -=·.5(% µ= -:΄/5(-
-* ᾿5¨+ !(+ ᾿5%΄µ%!(/Α+ =᾿(῟6-=(+ %·15)᾿(·Γ· =(῟(/)·. Ν3·% %᾿6 !% ᾿·Α¨· -:΄Θ5¨·% /%(
%᾿%(!*!(/. benchmarks -!¨· Θ)5¨ %᾿¨!=·=῾ !¨ GreekBarBench[5], !¨ ¨᾿¨῾¨ %;(¨·¨΄=῾ !(+
῟΅·%!6!*!=+ !Γ· LLMs -!*· /%!%·6*-*, %·.·΅-* /%( !=/µ*5῾Γ-* =··*·(/)· ῟(/%-!(/)· %-
᾿¨∆.-=Γ·.

,¨ [5] -!*5῾Σ=!%( -= Α·% =΅5: corpus %᾿¨∆.-=Γ· %᾿6 ᾿Α·!= ῟(%∆¨5=!(/¨:+ !¨µ=῾+ !¨΅
=··*·(/¨: ῟(/%῾¨΅ (%-!(/6, ᾿¨(·(/6, =µ᾿¨5(/6, ῟*µ6-(¨, /)῟(/%+ ῟(/*΄65Γ·) /%( ΅·¨᾿¨(=῾
᾿¨·΅῟(.-!%!* %;(¨·6΄*-* -= !5῾% =᾿῾᾿=῟% :

• %) ¨512 %᾿6῟¨-* !Γ· ᾿5%΄µ%!(/)· ΄=΄¨·6!Γ· (Facts)

• Μ) %/5(Λ2+ !%΅!¨᾿¨῾*-* !Γ· ·¨µ¨1=!(/)· ῟(%!.;=Γ· -!(+ ¨᾿¨῾=+ -!*5῾Σ=!%( * %᾿6∆%-*
(Cited Articles)

• ΄) !=/µ*5(ΓµΑ·* ·¨µ(/2 %·.·΅-* (Analysis).
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4.7 ῝΅µ᾿=5.-µ%!%

Χ %;(¨·6΄*-* !Γ· %᾿¨!=·=-µ.!Γ· ΄῾·=!%( !6-¨ µ= %΅!6µ%!=+ µ=!5(/Α+ 6-¨ /%( µ= !* -΅µµ=-
!¨Θ2 ¨µ.῟Γ· ·¨µ(/)· =(῟(/)·, =᾿(!5Α᾿¨·!%+ .µ=-* -:΄/5(-* µ= !*· %·15)᾿(·* %᾿6῟¨-*.

῝!¨· -Θ2µ% 4.7 ᾿%5¨΅-(.Σ¨·!%( ¨ ᾿῾·%/%+ µ= !% %·%·΅!(/. %᾿¨!=·Α-µ%!% ΄(% 13 ῟(%-
Η¨5=!(/. LLMs /%( ¨µ.῟=+ %·15)᾿(·Γ· %;(¨·¨΄*!)·. ,% ῟=῟¨µΑ·% %·%῟=(/·:¨΅· !* ῟΅·%-
µ(/2 ᾿56¨῟¨ !Γ· -:΄Θ5¨·Γ· LLMs: -= =᾿῾᾿=῟¨ Facts, !% µ¨·!Α·% ΅Κ*·2+ %᾿6῟¨-*+ (᾿.Θ.
Gemini-2.5-Flash, GPT-4.1, Claude-3.7-Sonnet) %΄΄῾Σ¨΅· 2 ;=᾿=5·¨:· !* µΑ-* %·15)᾿(-
·* %᾿6῟¨-*, =·) * %᾿6῟¨-* !Γ· Top-5% ῟(/*΄65Γ· ᾿%5%µΑ·=( !¨ %·)!%!¨ 65(¨. ῎-!6-¨,
-!* ῟(.-!%-* Cited Articles, %/6µ* /%( !% ᾿(¨ =;=·(΄µΑ·% µ¨·!Α·% ῟΅-/¨·=:¨·!%( -*µ%-
·!(/., =µ∆%·῾Σ¨·!%+ µ=(ΓµΑ·* %/5῾Λ=(% -= -ΘΑ-* µ= !¨΅+ %·15)᾿(·¨΅+ =(῟(/¨:+ – /.!( ᾿¨΅
=᾿(Λ=Λ%()·=( !* -*µ%-῾% !*+ !=/µ*5(ΓµΑ·*+ ᾿%5%᾿¨µ᾿2+ /%( !*+ Ο=-µ(/2+ %·*1¨∆.·=(%+.

῝Θ2µ% 4.7: 4-·8,*6/Α ·¨΅*58῟)µ·*· ·;6΅8·῭+)+0 -΅µ6/(0 ·/%.Κ56·0 )5 ¨%·῭µ·*6/῟0 ῾6/·)*6-
/῟0 ·¨΅΄Α)560, ·¨20 ·¨΅*,¨Ε-΅-*·6 )*΅ GreekBarBench ῭6· 13 LLMs /·6 ΅µΑ῾50 ·-∆%Ε¨6-2-
·;6΅8΅῭+*Ε-, ·-Α *΅µ῟· ῾6/·.΅, /·6 *Γ¨΅ 5%2*(µ·*΅0. [5].

,% ᾿%5%᾿.·Γ =΅52µ%!% !=/µ*5()·¨΅· !* -:·1=!* Η:-* !*+ ·¨µ(/2+ %/5῾Λ=(%+ /%( ῟=-
῾Θ·¨΅· 6!(, ᾿%5. !*· !%Θ=῾% ᾿56¨῟¨ !*+ !=Θ·*!2+ ·¨*µ¨-:·*+, * ᾿·25*+ =;῾-Γ-* !*+ µ*Θ%-
·(/2+ µ= !*· %·15)᾿(·* /%!%·6*-* /%( !=/µ*5῾Γ-* %᾿¨!=·=῾ %/6µ* %·¨(Θ!6 =᾿(-!*µ¨·(/6
Υ*!¨:µ=·¨. Χ ῟(%5/2+ =᾿(/%(5¨᾿¨῾*-* !Γ· -΅·6·Γ· ῟=῟¨µΑ·Γ·, * ᾿¨·΅=᾿῾᾿=῟* %;(¨·6΄*-*
/%( * =·=5΄6+ =µ᾿·¨/2 ·¨µ(/)· panels -!*· %;(¨·6΄*-* %᾿¨!=·¨:· %·%΄/%῾=+ ᾿5¨Ι᾿¨-
ΟΑ-=(+ ΄(% !*· %-∆%·2 /%( ΅᾿=:1΅·* ΅(¨1Α!*-* !Γ· legal AI -΅-!*µ.!Γ· -!* -:΄Θ5¨·*
·¨µ(/2 ᾿5.;*.

Χ ᾿=5%(!Α5Γ =·῾-Θ΅-* !Γ· =5΄%·=῾Γ· !=Θ·*!2+ ·¨*µ¨-:·*+ -!% ·¨µ(/. -΅-!2µ%!% %᾿%(-
!=῾ ῟(%5/2 =᾿(/%(5¨᾿¨῾*-* !Γ· ῟=῟¨µΑ·Γ·, ᾿¨·΅=᾿῾᾿=῟* %;(¨·6΄*-* /%( =·=5΄2 -΅·=5΄%-῾%
µ= ·¨µ(/¨:+, )-!= !% µ¨·!Α·% ·% %·!%᾿¨/5῾·¨·!%( 6Θ( µ6·¨ -= !=Θ·(/., %··. /%( -= ¨΅-
-(%-!(/. Ο=-µ(/. /%( ῟=¨·!¨·¨΄(/. /5(!25(%. 46·¨ ΅᾿6 %΅!Α+ !(+ ᾿5¨Ι᾿¨1Α-=(+ µ᾿¨5=῾ ·%
῟(%-∆%·(-!=῾ 6!( * !=Θ·*!2 ·¨*µ¨-:·* Ο% ·=(!¨΅5΄=῾ -΅µ᾿·*5Γµ%!(/. – /%( 6Θ( %·!%΄Γ·(-
-!(/. – ᾿5¨+ !*· %·15)᾿(·* /5῾-*, ῟(%µ¨5∆)·¨·!%+ Α·% %;(6᾿(-!¨ /%( Ο=-µ(/. %᾿¨῟=/!6
µΑ··¨· ΄(% !*· =∆%5µ¨΄2 !*+ -!* ·¨µ(/2 ᾿5.;*.

4.7 Β῝µ¨-%/΄µ·)·

,% -:΄Θ5¨·% -΅-!2µ%!% ·¨µ(/2+ !=Θ·*!2+ ·¨*µ¨-:·*+ %;(¨᾿¨(¨:· µ=΄.·% ΄·Γ--(/.
µ¨·!Α·% (LLMs), %5Θ(!=/!¨·(/Α+ %·./!*-*+-=·(-Θ΅µΑ·*+ ᾿%5%΄Γ΄2+ (RAG) /%( ᾿5¨*΄µΑ·=+
!=Θ·(/Α+ %·.·΅-*+ ῟=῟¨µΑ·Γ· ΄(% ·% µ=!%-Θ*µ%!῾-¨΅· !¨· !56᾿¨ ·=(!¨΅5΄῾%+ !*+ ῟(/%(¨-
-:·*+. Χ Τ%΄῟%῾% ᾿56¨῟¨+ -!*· %΅!6µ%!* ·¨µ(/2 Α5=΅·%, !*· ᾿56Λ·=Κ* %᾿¨∆.-=Γ· /%(
!*· ΅᾿¨Λ¨21*-* ῟(/%-!)· /%( ᾿¨·(!)· -΅·¨῟=:=!%( %᾿6 ·Α=+ ᾿5¨/·2-=(+ Γ+ ᾿5¨+ !* ῟(%-
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Η.·=(%, !*· %;(¨᾿(-!῾%, !* Μ%1µ¨·6µ*-* !Γ· µ¨·!Α·Γ· /%( !* ῟(%Θ=῾5(-* ᾿%5%(-12-=Γ·
(hallucinations).

Χ ῟(=1·2+ =µ᾿=(5῾% ῟=῾Θ·=( 6!( * =᾿(!΅Θ2+ =·-Γµ.!Γ-* !Γ· !=Θ·¨·¨΄()· %΅!)· ῟=· =-
;%5!.!%( µ6·¨ %᾿6 !¨΅+ ῾῟(¨΅+ !¨΅+ %·΄¨5῾1µ¨΅+, %··. /%( %᾿6 !¨ Ο=-µ(/6 ᾿·%῾-(¨, !*·
%·15)᾿(·* =᾿῾Λ·=Κ* /%( !* ῟(%5/2 %;(¨·6΄*-* !*+ ·¨µ(/2+ %/5῾Λ=(%+ /%( !*+ *1(/2+ ῟(.-!%-
-*+ /.1= ·:-*+. ῭¨·΅΄·Γ--(/. /%( %·¨(Θ!. benchmarks, ῟(%·=(!¨΅5΄(/6!*!% -΅-!*µ.!Γ·
/%( -΅-!*µ%!(/2 -΅·=5΄%-῾% !=Θ·(/)· /%( ·¨µ(/)· =(῟(/)· %·%῟=(/·:¨·!%( Γ+ Ο=µ=·()῟=(+
᾿5¨Ι᾿¨1Α-=(+ ΄(% !* µ=!.Λ%-* -= Α·% µΑ··¨· Α;΅᾿·*+, ῟(%∆%·¨:+ /%( /¨(·Γ·(/. %᾿¨῟=/!2+
Κ*∆(%/2+ ῟(/%(¨-:·*+.

Χ !=Θ·¨·¨΄(/2 ΅᾿=5¨Θ2 ῟=· %5/=῾ %᾿6 µ6·* !*+. Χ ¨΅-(%-!(/2 ᾿56/·*-* =῾·%( ·%
=;%-∆%·(-!=῾ * (-¨55¨᾿῾% µ=!%;: /%(·¨!¨µ῾%+, Ο=-µ(/2+ ·¨΄¨῟¨-῾%+ /%( ῟(%-∆.·(-*+ !¨΅
/5.!¨΅+ ῟(/%῾¨΅, )-!= !% =5΄%·=῾% !*+ !=Θ·*!2+ ·¨*µ¨-:·*+ ·% ·=(!¨΅5΄¨:· ᾿5%΄µ%!(/.
᾿5¨+ 6∆=·¨+ !*+ ῟῾/%(*+ /%( ¨512+ %᾿¨·¨µ2+ ῟(/%(¨-:·*+ -!*· Κ*∆(%/2 =᾿¨Θ2.
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·῝Οµ2΄)23Μ 3·2 (Ο23Μ ¨0·΅΄25

Χ Τ%΄῟%῾% =·-Γµ.!Γ-* !*+ !=Θ·*!2+ ·¨*µ¨-:·*+ (AI) /%( !Γ· µ=΄.·Γ· ΄·Γ--(/)·
µ¨·!Α·Γ· (LLMs) -!* ·¨µ(/2 ᾿5.;* µ=!%Λ.··=( Τ(Σ(/. !6-¨ !* ·=(!¨΅5΄῾% !*+ ῟(-

/%(¨-:·*+ 6-¨ /%( !¨· Τ6·¨ !¨΅ ·¨µ(/¨: =᾿%΄΄=·µ%!῾%. Χ µ=!.Λ%-* %᾿6 ᾿%5%῟¨-(%/Α+
῟(%῟(/%-῾=+ -= Κ*∆(%/Α+ ᾿·%!∆65µ=+ ΗΑ5·=( -!¨ ᾿5¨-/2·(¨ ·Α=+ ᾿5¨/·2-=(+ -Θ=!(/. µ= !*
῟(%∆.·=(%, !*· =;*΄*-(µ6!*!%, !* ·¨΄¨῟¨-῾% /%( !¨· -=Λ%-µ6 !Γ· Ο=µ=·(Γ῟)· ῟(/%(Γµ.!Γ·.

῝= %΅!6 !¨ ᾿·%῾-(¨, !῾1=·!%( /5῾-(µ% =5Γ!2µ%!% ΄(% !* ·¨µ(/2 =΅1:·* -= ᾿=5(᾿!)-=(+
-∆%·µ.!Γ·, !*· %·!(µ=!)᾿(-* !*+ %·΄¨5(1µ(/2+ µ=5¨·*Κ῾%+, !* ῟(%-∆.·(-* !*+ (῟(Γ!(/6!*-
!%+ /%( !¨· Τ6·¨ !¨΅ %·15)᾿(·¨΅ ᾿%5.΄¨·!% -!* ·2Κ* %᾿¨∆.-=Γ·. Ε( ῟(=1·=῾+ Τ΅1µ(-!(/Α+
᾿5Γ!¨Λ¨΅·῾=+, 6᾿Γ+ ¨ 3΅5Γ᾿%Π/6+ 0%·¨·(-µ6+ ΄(% !*· ,=Θ·*!2 Φ¨*µ¨-:·*[6], ΟΑ!¨΅· ᾿·Α¨·
-%∆=῾+ 65¨΅+ -΅µµ65∆Γ-*+, ῟(%∆.·=(%+ /%( %;(¨·6΄*-*+ /(·῟:·¨΅.

,¨ ᾿%56· /=∆.·%(¨ =;=!.Σ=( !¨ Τ΅1µ(-!(/6 /%( *1(/6 ΅᾿6Λ%15¨ !*+ Θ52-*+ !=Θ·*!2+
·¨*µ¨-:·*+ -!¨ ῟῾/%(¨, µ= Αµ∆%-* -!* ·¨µ(/2 =΅1:·*, !* ῟(%∆.·=(%, !% ῟(=1·2 Τ΅1µ(-!(/.
᾿56!΅᾿%, !*· %·΄¨5(1µ(/2 ῟=¨·!¨·¨΄῾% /%( !(+ ᾿5¨Ι᾿¨1Α-=(+ ΄(% ¨΅-(%-!(/2 -΅·=5΄%-῾%
%·15)᾿¨΅ /%( %·΄¨5῾1µ¨΅ -!¨ ῟(/%-!(/6 ¨(/¨-:-!*µ%.

5.1 ᾿5µ23Ν !῝ΟΧ+( 3·2 72·Π/+-2·

Χ Α··¨(% !*+ ·¨µ(/2+ ῟(%∆.·=(%+ -΅·(-!. Ο=µΑ·(¨ !*+ ·=(!¨΅5΄῾%+ !¨΅ ῟(/%῾¨΅ /%( !¨΅
/5.!¨΅+ ῟(/%῾¨΅, /%1)+ ῟(%-∆%·῾Σ=( !¨ ῟(/%῾Γµ% !Γ· ᾿¨·(!)· /%( !Γ· ῟(%῟῾/Γ· ·% ΄·Γ5῾Σ¨΅·
6Θ( µ6·¨ !¨ %᾿¨!Α·=-µ% µ(%+ ῟(/%-!(/2+ 2 ῟(¨(/*!(/2+ %᾿6∆%-*+, %··. /΅5῾Γ+ !* ῟(%῟(/%-
-῾% ·2Κ*+ %΅!2+ !*+ %᾿6∆%-*+, !% Ο=µ=·()῟* !*+ -!¨(Θ=῾%, !¨΅+ =µ᾿·=/6µ=·¨΅+ ᾿%5.΄¨·!=+
/%( !% µΑ-% =·Α΄Θ¨΅ 2 %µ∆(-Λ2!*-2+ !*+. ῝!¨ ᾿·%῾-(¨ !*+ =(-%΄Γ΄2+ !=Θ·*!2+ ·¨*µ¨-:·*+
/%( (῟(%῾!=5% !Γ· µ=΄.·Γ· ΄·Γ--(/)· µ¨·!Α·Γ· -!¨ ῟(/%-!(/6 /%( ῟(¨(/*!(/6 ¨(/¨-:-!*µ%,
* ·¨µ(/2 ῟(%∆.·=(% %᾿¨/!. ·Α% ῟(.-!%-* /%( -*µ%-῾%, /%1)+ * %·΄¨5(1µ(/2 ·2Κ* %᾿¨-
Η.-=Γ· =·ΑΘ=( /(·῟:·¨΅+ %῟(%∆.·=(%+, Νµ%:5¨΅ /¨΅!(¨:Ν (black box e"ect) /%( ῟(%-᾿¨5.+
=΅1:·*+ [82].

Χ ·¨µ(/2 ῟(%∆.·=(% ῟(%∆Α5=( %᾿6 !*· !=Θ·(/2 =;*΄*-(µ6!*!% (explainability) 2 !* ῟(%-
Η.·=(% !¨΅ %·΄¨5῾1µ¨΅ Γ+ ᾿5¨+ !¨· -/¨᾿6 /%( !¨ =:5¨+ !*+ : =·) * !=Θ·(/2 ῟(%∆.·=(% %∆¨5.
!*· Ν/%!%·6*-*Ν !Γ· =-Γ!=5(/)· ·=(!¨΅5΄()· !¨΅ -΅-!2µ%!¨+ %᾿6 !¨΅+ ᾿5¨΄5%µµ%!(-!Α+ 2
!¨΅+ =(῟(/¨:+, * ·¨µ(/2 ῟(%∆.·=(% =-!(.Σ=( -!*· ΅᾿¨Θ5ΑΓ-* !¨΅ Ο=-µ(/¨: -΅-!2µ%!¨+ ·%
᾿%5ΑΘ=( -!¨΅+ ῟(%῟῾/¨΅+, !¨΅+ ῟(/%-!Α+ /%( !¨ /¨(·Γ·(/6 -:·¨·¨ =᾿%5/2 ᾿·*5¨∆65*-* ΄(%
!% Μ%-(/. -!¨(Θ=῾% /%( !% /5(!25(% ᾿¨΅ ῟(%µ65∆Γ-%· !*· %᾿6∆%-*, Α!-( )-!= ·% µ᾿¨5=-
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῾ ·% %-/*1=῾ ¨΅-(%-!(/6+ Α·=΄Θ¨+, ·% !=/µ*5()·=!%( * ·¨΄¨῟¨-῾%, /%( ·% ῟(%-∆%·῾Σ=!%( *
῟(/%(Π/2 %-∆.·=(% [82], [13], [83].

,% Μ%-(/. Ο=-µ(/. =5΄%·=῾% ᾿¨΅ /%!¨Θ΅5)·¨΅· !* ·¨µ(/2 ῟(%∆.·=(% -!% -΅-!2µ%!%
!=Θ·*!2+ ·¨*µ¨-:·*+ =῾·%( :

• Χ ΅᾿¨Θ5ΑΓ-* !=/µ*5῾Γ-*+ /%( %(!(¨·6΄*-*+ /.1= %·΄¨5(1µ(/2+ %᾿6∆%-*+ (6᾿Γ+ %-
᾿%(!=῾!%( %᾿6 !¨· AI Act /%( !* ῟(/¨·¨µ(/2 ·¨µ¨1=-῾%).

• Χ ΅᾿¨Θ5ΑΓ-* =·*µΑ5Γ-*+ !Γ· ῟(%῟῾/Γ· 6!( Θ5*-(µ¨᾿¨(=῾!%( %·΄¨5(1µ(/6 -:-!*µ% -!*
῟(%῟(/%-῾% ·2Κ*+ %᾿6∆%-*+.

• Χ ῟΅·%!6!*!% challenge /%( =᾿%·=;Α!%-*+ !*+ %᾿6∆%-*+, µ= ᾿%5¨Θ2 =᾿%5/)· -!¨(Θ=-
῾Γ· ΄(% !¨ ᾿)+ ¨῟*΄21*/= !¨ -:-!*µ% -!¨ !=·(/6 %᾿¨!Α·=-µ% [82], [84], [85].

• Χ ΅(¨1Α!*-* µΑ!5Γ· =·=΄/!(/6!*!%+ (auditability) /%( * ῟(%!25*-* ῟(%῟5¨µ)· =·Α΄Θ¨΅
(audit trails), )-!= ·% /%1῾-!%!%( ῟΅·%!2 * %·%῟5¨µ(/2 =;Α!%-* !*+ ῟(%῟(/%-῾%+ ·2Κ*+
%᾿¨∆.-=Γ· [13].

Χ ᾿5¨-!%-῾% Ο=µ=·(Γ῟)· ῟(/%(Γµ.!Γ·, 6᾿Γ+ * ῟(/%-!(/2 ᾿5¨-!%-῾%, * (-6!*!% !Γ·
6᾿·Γ· (equality of arms) /%( !¨ ῟(/%῾Γµ% -= ῟῾/%(* ῟῾/* (due process), ᾿5¨Ι᾿¨1Α!=( !*·
:᾿%5;* ¨΅-(%-!(/2+ ῟(%∆.·=(%+ -= /.1= -!.῟(¨ !*+ ῟(%῟(/%-῾%+. ῝= ᾿=5(Λ.··¨·!% 6᾿¨΅
* %᾿6∆%-* ·%µΛ.·=!%( 2 =᾿*5=.Σ=!%( %᾿6 !% µ=΄.·% ΄·Γ--(/. µ¨·!Α·%, * %῟΅·%µ῾% /%-
!%·6*-*+ 2 %µ∆(-Λ2!*-*+ !*+ %·΄¨5(1µ(/2+ ·¨΄(/2+ µ᾿¨5=῾ ·% ¨῟*΄2-=( -= ¨΅-(%-!(/2
%῟΅·%µ῾% ᾿5¨-Λ¨·2+ !*+ %᾿6∆%-*+ /%( ·% ΅᾿¨·¨µ=:-=( !* ·¨µ(µ6!*!% /%( !*· =µ᾿(-!¨-:·*
-!* ῟(/%(¨-:·* [13], [83].

Χ ῟(=1·2+ =µ᾿=(5῾%, 6᾿Γ+ -!*· ΅᾿61=-* COMPAS[86] -!(+ Χ.῭.9, /%!%῟=(/·:=( 6!( ¨
᾿=5(¨5(-µΑ·¨+ Μ%1µ6+ ῟(%∆.·=(%+ !Γ· %·΄¨5῾1µΓ· 2 * ·=(!¨΅5΄῾% -΅-!*µ.!Γ· Γ+ µ%:5%
/¨΅!(. (black boxes) =᾿(∆Α5=( -¨Λ%5. ᾿5¨Λ·2µ%!% ·¨΄¨῟¨-῾%+, ᾿=5(¨5῾Σ=( !¨ ῟(/%῾Γµ% ᾿5¨-
-Λ¨·2+ !*+ %᾿6∆%-*+ /%( ῟(%/΅Λ=:=( !* ῟῾/%(* µ=!%Θ=῾5(-* !Γ· ῟(%῟῾/Γ· [83]. 9·!῾1=!%,
-΅-!2µ%!% ᾿¨΅ =·-Γµ%!)·¨΅· ῟΅·%!6!*!=+ =;2΄*-*+, ῟(%!25*-* audit trails /%( Ο=-µ(/.
/%!¨Θ΅5ΓµΑ·¨ ῟(/%῾Γµ% %µ∆(-Λ2!*-*+ (challenge) -΅µΛ.··¨΅· ¨΅-(%-!(/. -!*· =·῾-Θ΅-*
!*+ ·¨µ(µ6!*!%+ /%( !*+ /¨(·Γ·(/2+ %᾿¨῟¨Θ2+ [82], [85], [83].

Χ ῟(%-∆.·(-* !*+ ῟(%∆.·=(%+ -!* ·¨µ(/2 Θ52-* !Γ· LLMs ῟=· µ᾿¨5=῾ ·% -!*5(Θ1=῾ %᾿¨-
/·=(-!(/. -= !=Θ·(/Α+ ·:-=(+, %··. %᾿%(!=῾ -΅·῟΅%-µ6 Ο=-µ(/)· =΄΄΅2-=Γ·, /%·¨·(-!(/)·
%᾿%(!2-=Γ· /%( ᾿5%/!(/)· %΅῟(!(·΄. Ε AI Act [6] /%( .··=+ -:΄Θ5¨·=+ Τ΅1µ῾-=(+ =(-.΄¨΅·
!*· ΅᾿¨Θ5ΑΓ-* ΄(% ῟(%∆.·=(% -!*· =·*µΑ5Γ-*, -!*· %(!(¨·6΄*-* /%( -!* ῟΅·%!6!*!% =·Α΄-
Θ¨΅ !Γ· %΅!¨µ%!¨᾿¨(*µΑ·Γ· %᾿¨∆.-=Γ· (.515% 13–15 AI Act, GDPR art. 22). ῭%5.··*·%,
* !25*-* ᾿·25¨΅+ /%( ᾿5¨-Λ.-(µ¨΅ (-!¨5(/¨: =·Α΄Θ¨΅ (audit trail) ΄(% /.1= Μ2µ% !*+ %·-
΄¨5(1µ(/2+ ῟(%῟(/%-῾%+ /%1῾-!%!%( /5῾-(µ* ΄(% !*· %᾿¨/%!.-!%-* !*+ %·΅-῾῟%+ %᾿6∆%-*+
/%( !*· %᾿6῟¨-* =΅1:·*+ (accountability) 6᾿¨΅ %᾿%(!=῾!%(.

3· !Α·=(, * /%!¨Θ:5Γ-* =·6+ ῟(%∆%·¨:+ (transparency) /%( =᾿%·*1=:-(µ¨΅ ᾿·%(-῾¨΅
·=(!¨΅5΄῾%+ !Γ· µ=΄.·Γ· ΄·Γ--(/)· µ¨·!Α·Γ· (LLMs) -!* ῟(/%(¨-:·* ῟(%-∆%·῾Σ=( !* ῟΅-
·%!6!*!% =·Α΄Θ¨΅ (auditability), %µ∆(-Λ2!*-*+ (challenge) /%( =᾿%·=;Α!%-*+ (review) !Γ·
%᾿¨∆.-=Γ·, ᾿5¨-!%!=:=( !% ῟(/%()µ%!% !Γ· ῟(%῟῾/Γ· /%( =·(-Θ:=( !*· =µ᾿(-!¨-:·* !*+ /¨(-
·Γ·῾%+ -!*· !=Θ·*!2 ·¨*µ¨-:·* Γ+ =5΄%·=῾¨ %᾿¨·¨µ2+ ῟(/%(¨-:·*+. Χ ῟(%5/2+ Ο=-µ(/2
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5.1.1 9᾿%(!2-=(+ 3᾿=;*΄*-(µ6!*!%+

=΄52΄¨5-*, * =·-Γµ.!Γ-* !=Θ·(/)· =;*΄*-(µ6!*!%+ (explainability) /%( =·Α΄;(µ6!*!%+ (au-
ditability), /%1)+ /%( * Τ*!2 %·%΄·)5(-* !¨΅ ῟(/%()µ%!¨+ %µ∆(-Λ2!*-*+ (challenge), %᾿¨-
!=·¨:· !% =ΘΑ΄΄΅% ΄(% ¨΅-(%-!(/2 /%( %᾿¨!=·=-µ%!(/2 ·¨µ(/2 ῟(%∆.·=(% (transparency) -!¨
Κ*∆(%/6 ·¨µ(/6 ¨(/¨-:-!*µ%

5.1.1 8¨·2)Ν΄-2Κ !¨-Θ(.(΄2µΜ)()·Κ

Χ =;*΄*-(µ6!*!% (explainability) -!% LLMs ᾿5¨-=΄΄῾Σ=!%( Γ+ ᾿¨·΅=᾿῾᾿=῟¨+ -!6Θ¨+ ᾿¨΅
-΅·῟΅.Σ=( !=Θ·(/Α+, ·¨µ(/Α+ /%( Ο=-µ(/Α+ %᾿%(!2-=(+. ῝= !=Θ·(/6 =᾿῾᾿=῟¨, * /:5(% ῟΅-/¨·῾%
᾿*΄.Σ=( %᾿6 !* Η:-* !Γ· µ¨·!Α·Γ· µ%:5¨΅ /¨΅!(¨:, !% ¨᾿¨῾% =/᾿%(῟=:¨·!%( -= !=5.-!(%
-:·¨·% ῟=῟¨µΑ·Γ· (datasets), µ= ῟(-=/%!¨µµ:5(% ᾿%5%µΑ!5¨΅+, -= ῟(%῟(/%-῾=+ ᾿¨΅ =῾·%(
%᾿6 !* Μ.-* !¨΅+ µ* ΄5%µµ(/Α+ /%( ῟:-/¨·% %·%΄)΄(µ=+ -= %·15)᾿(·* ·¨΄(/2.

Ε( Μ%-(/Α+ µΑ1¨῟¨( ᾿¨΅ Θ5*-(µ¨᾿¨(¨:·!%( ΄(% !*· =;*΄*-(µ6!*!% (explainability) -!%
µ=΄.·% ΄·Γ--(/. µ¨·!Α·% (LLMs) %᾿¨-/¨᾿¨:· -!* Μ=·!῾Γ-* !*+ ῟(%∆.·=(%+ /%( !*+ =5µ*-
·=΅-(µ6!*!%+ !*+ ·=(!¨΅5΄῾%+ !¨΅+, (῟῾Γ+ -= /5῾-(µ% ·¨µ(/. ᾿=5(Λ.··¨·!%. 4(% %᾿6 !(+ ᾿(¨
῟(%῟=῟¨µΑ·=+ !=Θ·(/Α+ =῾·%( * ¨᾿!(/¨᾿¨῾*-* !*+ ᾿5¨-¨Θ2+ (attention visualization), 6᾿¨΅
!% Μ.5* ᾿5¨-¨Θ2+ (attention weights) ᾿¨΅ Θ5*-(µ¨᾿¨(¨:· !% transformer-based LLMs ᾿%-
ΤΑΘ¨΅· =·῟=῾;=(+ ΄(% !¨ ᾿¨(=+ ·Α;=(+ 2 Η5.-=(+ ᾿5¨-ΑΘ=( !¨ µ¨·!Α·¨ /%!. !*· ᾿%5%΄Γ΄2 %-
᾿%·!2-=Γ·. ῭%56!( ᾿5¨-∆Α5¨΅· µ(% ᾿5)!* =(/6·% ΄(% !* ῟(%῟(/%-῾%, !% attention patterns
῟=· !%΅!῾Σ¨·!%( %᾿%5%῾!*!% µ= !* ·¨΄(/2 !¨΅ %·15)᾿¨΅ /%( * =5µ*·=῾% !¨΅+ ᾿%5%µΑ·=(
%µ∆(·=΄6µ=·* [82]. ῭%5.··*·%, %;(¨᾿¨(¨:·!%( ᾿5¨-=΄΄(-!(/. µ¨·!Α·% (surrogate models)
6᾿Γ+ !% LIME /%( SHAP, !% ¨᾿¨῾% ·=(!¨΅5΄¨:· Γ+ !¨᾿(/. =5µ*·=:-(µ% ΅᾿¨῟=῾΄µ%!% /%(
᾿5¨-=΄΄῾Σ¨΅· !* -΅µ᾿=5(∆¨5. !¨΅ LLM ΄(% -΅΄/=/5(µΑ·=+ =(-6῟¨΅+ (inputs), ᾿5¨-∆Α5¨·!%+
=;*΄2-=(+ ᾿¨΅ 6µΓ+ ῟=· /%·:᾿!¨΅· !¨ -:·¨·¨ !*+ ·=(!¨΅5΄῾%+ !¨΅ µ¨·!Α·¨΅.

Χ -*µ%·!(/6!*!% Θ%5%/!*5(-!(/)· /%( ¨( Θ.5!=+ =᾿(55¨2+ (feature importance /%(
saliency maps) %᾿¨!=·¨:· =᾿῾-*+ Μ%-(/Α+ ᾿5¨-=΄΄῾-=(+, /%1)+ %;(¨·¨΄¨:· ᾿)+ -΅΄/=/5(-
µΑ·=+ ·Α;=(+ 2 Θ%5%/!*5(-!(/. -΅µΛ.··¨΅· -!*· !=·(/2 ᾿56Λ·=Κ*, µΑ-Γ µ=16῟Γ· ¨᾿(-1¨-
῟(.῟¨-*+ (backpropagation) 2 ῟(%Λ.1µ(-*+ (gradient-based approaches). 3᾿(᾿·Α¨·, * %-
·.·΅-* %·!(᾿%5%῟=(΄µ.!Γ· (counterfactual analysis) =;=!.Σ=( ᾿)+ Ο% .··%Σ= * Α;¨῟¨+ !¨΅
µ¨·!Α·¨΅ %· !5¨᾿¨᾿¨(¨:·!%· ¨5(-µΑ·% inputs, -΅µΛ.··¨·!%+ -!* ῟(.΄·Γ-* ᾿5¨/%!%·2Κ=Γ·
(bias) /%( µ* ᾿5¨∆%·)· =;%5!2-=Γ·.

,Α·¨+, (῟(%῾!=5% -*µ%·!(/6 Τ6·¨ ῟(%῟5%µ%!῾Σ=( * /%!%΄5%∆2 !¨΅ (-!¨5(/¨: =·Α΄Θ¨΅
/%( !*+ ᾿5¨Α·=΅-*+ ῟=῟¨µΑ·Γ· (audit trails /%( data provenance), ῟*·%῟2 * ῟(%!25*-*
᾿·25¨΅+ (-!¨5(/¨: !Γ· ῟=῟¨µΑ·Γ· =(-6῟¨΅, !Γ· %᾿¨∆.-=Γ· /%( !Γ· =-Γ!=5(/)· /%!%-!.-=Γ·
!¨΅ µ¨·!Α·¨΅. ῭%5. !¨ ΅Κ*·6 ΅᾿¨·¨΄(-!(/6 /6-!¨+, %΅!2 * !=Θ·(/2 =῾·%( /%1¨5(-!(/2 ΄(%
!* ῟(%-∆.·(-* !*+ -΅µµ65∆Γ-*+ (compliance) -= %᾿%(!*!(/Α+ ·¨µ(/Α+ =∆%5µ¨΄Α+ [85].

Χ =;*΄*-(µ6!*!% (explainability) -!% 4=΄.·% Β·Γ--(/. 4¨·!Α·% ᾿%5%µΑ·=( -= µ=΄.·¨
Μ%1µ6 ᾿5¨-Θ*µ%!(/2. ,% ᾿%5%΄6µ=·% =᾿=;*΄*µ%!(/. /=῾µ=·% =῾·%( -΅Θ·. µ=!%΄=·Α-!=5%
(post hoc) /%( ῟=· %᾿¨/%·:᾿!¨΅· !¨· ᾿5%΄µ%!(/6 !56᾿¨ ᾿¨΅ !¨ µ¨·!Α·¨ /%!%·2΄=( -!¨ !=·(/6
᾿%5.῟=(΄µ%. Β(% ᾿%5.῟=(΄µ%, ·¨µ(/Α+ %᾿¨∆.-=(+ ᾿¨΅ Μ%-῾Σ¨·!%( -= LLMs (᾿.Θ. ᾿5¨!.-=(+
᾿¨(·2+ 2 =/!῾µ*-*+ /(·῟:·¨΅ (risk assessments) =·῟ΑΘ=!%( ·% =·-Γµ%!)·¨΅· ᾿5¨/%!.·*Κ*
(bias) 2 %΅1%῾5=!=+ %᾿¨∆.-=(+ (arbitrary decisions), ΘΓ5῾+ ·% ᾿%5ΑΘ=!%( ῟΅·%!6!*!% =·!¨᾿(-
-µ¨: !*+ %(!῾%+.
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Ρ᾿.5Θ¨΅· !=/µ*5(ΓµΑ·=+ %᾿¨!΅Θ῾=+ :

• Χ ΅᾿61=-* COMPAS (Χ.῭.9) %·Α῟=(;= !* -΅-!*µ(/2 ᾿5¨/%!.·*Κ* (systemic bias)
᾿¨΅ µ᾿¨5=῾ ·% =µ∆%·(-!=῾ -= =5΄%·=῾% =/!῾µ*-*+ /(·῟:·¨΅ (risk assessment tools), !%
¨᾿¨῾% ·=(!¨΅5΄¨:· ΘΓ5῾+ ῟΅·%!6!*!% ¨΅-(%-!(/2+ =;2΄*-*+ !Γ· %᾿¨∆.-=Γ· !¨΅+ [85].

• ῝= ῟(/%-!(/. -΅-!2µ%!% !*+ 0῾·%+, * =;*΄*-(µ6!*!% ᾿=5(¨5῾Σ=!%( -!*· =᾿῾-*µ* ᾿%-
Τ¨΅-῾%-* %᾿¨!=·=-µ.!Γ· ΘΓ5῾+ ᾿·25* %᾿¨!:᾿Γ-* !*+ %·΄¨5(1µ(/2+ ·¨΄(/2+.

Ε 0%·¨·(-µ6+ ΄(% !*· ,=Θ·*!2 Φ¨*µ¨-:·* !*+ 3΅5Γ᾿%Π/2+ Ν3·Γ-*+ [6] =᾿(Λ.··=( Τ*!Α+
%᾿%(!2-=(+ (explicit requirements) ΄(% !*· =;*΄*-(µ6!*!% (explainability) !Γ· -΅-!*µ.!Γ·
΅Κ*·¨: /(·῟:·¨΅ (high-risk systems). ῝΅΄/=/5(µΑ·%, ᾿5¨Λ·Α᾿=!%( * !=/µ*5῾Γ-* !Γ· ·¨΄(-
/)· Μ*µ.!Γ· ·2Κ*+ %᾿6∆%-*+, * ᾿%5%΄Γ΄2 =;6῟¨΅ /%!%·¨*!2+ %᾿6 !¨· .·15Γ᾿¨ (human-
understandable output), * !25*-* ᾿·25¨΅+ (-!¨5(/¨: =·=5΄=()· (audit trails) /%1)+ /%( *
῟΅·%!6!*!% %µ∆(-Λ2!*-*+ !Γ· %᾿¨∆.-=Γ·.

Χ %᾿%῾!*-* %΅!2 ᾿5¨Ι᾿¨1Α!=( !*· !=Θ·(/2 =·-Γµ.!Γ-* µ*Θ%·(-µ)· ᾿%5%/¨·¨:1*-*+
/%( =;*΄2-(µ*+ !=/µ*5῾Γ-*+ -= /.1= Μ2µ% !*+ =᾿=;=5΄%-῾%+[6]. Β(% ᾿%5.῟=(΄µ%, !% audit
trails ῟=· %᾿¨!=·¨:· %᾿·)+ %5Θ=῾% /%!%΄5%∆2+, %··. ᾿5Α᾿=( ·% !=/µ*5()·¨΅· µ= %/5῾Λ=(% :
(%) !% ῟=῟¨µΑ·% =(-6῟¨΅, (Μ) !% =·῟(.µ=-% -!.῟(% %·./!*-*+ 2 ᾿56Λ·=Κ*+, (΄) !(+ =᾿(·¨΄Α+
!¨΅ µ¨·!Α·¨΅ /%( (῟) !¨ !=·(/6 %᾿¨!Α·=-µ%. 3᾿(᾿·Α¨·, * =;*΄*-(µ6!*!% -= ·¨µ(/. ᾿·%῾-(%
%᾿%(!=῾ !=/µ*5῾Γ-* µ= ᾿%5%᾿¨µ᾿Α+ -= ·¨µ(/Α+ ᾿*΄Α+, %··. /%( ·¨΄(/2 %·.·΅-* ᾿¨΅ ·%
µ᾿¨5=῾ ·% =·=΄Θ1=῾ %᾿6 !¨· ῟(.῟(/¨ 2 !¨ ῟(/%-!25(¨.

Χ =/᾿·25Γ-* %΅!)· !Γ· %᾿%(!2-=Γ· ῟=· =῾·%( %᾿·)+ !=Θ·(/2, %··. -΅·(-!. ·¨µ(/2
΅᾿¨Θ5ΑΓ-* Μ.-=( !¨΅ AI Act. ῝΅·=᾿)+, * =∆%5µ¨΄2 !=Θ·(/)· =5΄%·=῾Γ· 6᾿Γ+ ¨( µ*Θ%·(-µ¨῾
retrieval logging, * ῟(%!25*-* ᾿·25¨΅+ %᾿¨!:᾿Γ-*+ /.1= =·Α5΄=(%+ (traceability), /%( *
῟΅·%!6!*!% =5µ*·=:-(µ*+ =;6῟¨΅ µΑ-Γ µ=!%µ¨·!=·(/)· !=Θ·(/)· (post-hoc explainability
methods) %᾿¨!=·¨:· /5῾-(µ¨΅+ .;¨·=+ -΅µµ65∆Γ-*+ µ= !¨ Ο=-µ(/6 ᾿·%῾-(¨. ῝= %·!῾1=!*
᾿=5῾᾿!Γ-*, * Θ52-* LLMs -= ῟(/%-!(/. ᾿=5(Λ.··¨·!% =·῟ΑΘ=!%( ·% ᾿%5%Λ(.Σ=( Μ%-(/Α+ %5ΘΑ+
῟(/%(¨-:·*+ /%( ῟(%∆.·=(%+.

Χ Θ52-* -΅-!*µ.!Γ· ᾿¨΅ ·=(!¨΅5΄¨:· Γ+ µ%:5% /¨΅!(. , ΘΓ5῾+ =᾿%5/2 ῟΅·%!6!*!%
%(!(¨·6΄*-*+ 2 =᾿%·21=΅-*+ !*+ ·¨΄(/2+ %/¨·¨΅1῾%+ ᾿῾-Γ %᾿6 !*· =/.-!¨!= %᾿6∆%-*,
ΑΘ=( ᾿5¨/%·Α-=( Α·!¨·=+ =᾿(∆΅·.;=(+ -!* -:΄Θ5¨·* ·¨µ(/2 Ο=Γ5῾% /%( ·¨µ¨·¨΄῾%. 8῟῾Γ+
-!¨ =΅5Γ᾿%Π/6 ᾿·%῾-(¨ ᾿5¨-!%-῾%+ Ο=µ=·(Γ῟)· ῟(/%(Γµ.!Γ·, ῟(%!΅᾿)·=!%( * .᾿¨Κ* 6!( *
%᾿¨΅-῾% ῟(%∆.·=(%+ =·῟ΑΘ=!%( ·% -΅·(-!. ᾿%5%Λ῾%-* !¨΅ ῟(/%()µ%!¨+ -= ῟῾/%(* ῟῾/*, 6᾿Γ+
/%!¨Θ΅5)·=!%( -!¨ .515¨ 6 !*+ 3῝79, 6!%· * %᾿6∆%-* =᾿*5=.Σ=( Α··¨µ% -΅µ∆Α5¨·!% /%( ῟=·
᾿%5ΑΘ=!%( * ῟΅·%!6!*!% /%!%·6*-*+ 2 %µ∆(-Λ2!*-*+ !*+ %(!(¨·6΄*-2+ !*+. Χ µ=!%∆¨5. !*+
Α··¨(%+ !*+ %(!(¨·6΄*-*+ %᾿6 !¨ %·15)᾿(·¨ -!¨ %·΄¨5(1µ(/6 ᾿=5(Λ.··¨· %᾿¨!=·=῾ %·¨(Θ!6
=5µ*·=΅!(/6 /%( Ο=-µ(/6 Υ2!*µ%, !¨ ¨᾿¨῾¨ %·%µΑ·=!%( ·% !=1=῾ =·)᾿(¨· !Γ· =΅5Γ᾿%Π/)·
῟(/%-!*5῾Γ· -= =᾿6µ=·=+ ΅᾿¨1Α-=(+.

5.1.2 ,5+)60· ῟5.5῭5΄΅·Κ

Χ ῟(%µ65∆Γ-* %᾿¨!=·=-µ%!(/)· ᾿·%(-῾Γ· ·¨΄¨῟¨-῾%+ (accountability frameworks) ΄(%
!% -΅-!2µ%!% !=Θ·*!2+ ·¨*µ¨-:·*+, /%( =(῟(/6!=5% ΄(% !% µ=΄.·% ΄·Γ--(/. µ¨·!Α·% (LLMs),
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5.1.2 4¨·!Α·% Ω¨΄¨῟¨-῾%+

%᾿¨!=·=῾ µ῾% %᾿6 !(+ µ=΄%·:!=5=+ ᾿5¨/·2-=(+ -!* -:΄Θ5¨·* !=Θ·¨·¨΄(/2 /%( ·¨µ(/2 ᾿5%΄-
µ%!(/6!*!%. Χ ᾿¨·΅᾿·¨/6!*!%, * %῟(%∆.·=(% (opacity) !Γ· %·΄¨5(1µ(/)· %᾿¨∆.-=Γ· /%(
* ᾿·*1)5% Η¨5ΑΓ· ᾿¨΅ =µ᾿·Α/¨·!%( -= /.1= -!.῟(¨ %·.᾿!΅;*+, ΅·¨᾿¨῾*-*+ /%( Θ52-*+
!Γ· -΅-!*µ.!Γ· %΅!)· /%1(-!¨:· !* -%∆2 /%!%·¨µ2 =΅1:·*+ (῟(%῾!=5% ῟:-/¨·*. ῎+ %-
᾿¨!Α·=-µ%, /.1= ῟(/%(¨῟¨-῾% %/¨·¨΅1=῾ ῟(%∆¨5=!(/2 ᾿5¨-Α΄΄(-*, %·.·¨΄% µ= !¨ Ο=-µ(/6
!*+ ᾿·%῾-(¨, !* -ΘΑ-* /5.!¨΅+–%΄¨5.+, /%( !¨ =᾿῾᾿=῟¨ ᾿5¨-!%-῾%+ ᾿¨΅ =᾿(῟()/=( ΄(% !¨΅+
᾿¨·῾!=+ /%( !¨΅+ ¨5΄%·(-µ¨:+ !*+.

Χ -:΄/5(-* !Γ· Τ΅1µ(-!(/)· ᾿5¨-=΄΄῾-=Γ· !*+ 3΅5Γ᾿%Π/2+ Ν3·Γ-*+, !Γ· Χ·ΓµΑ·Γ·
῭¨·(!=()· 9µ=5(/2+ /%( !*+ 0῾·%+ %·%῟=(/·:=( !(+ ᾿¨(/῾·=+ =/∆.·-=(+ /%( ᾿5¨/·2-=(+ !*+
·¨΄¨῟¨-῾%+ -!*· =᾿¨Θ2 !*+ !=Θ·*!2+ ·¨*µ¨-:·*+. 0.1= -:-!*µ% ᾿5¨Λ.··=( ῟(%∆¨5=!(-
/Α+ ᾿5¨!=5%(6!*!=+ /%( =·-Γµ%!)·=( ῟(%/5(!Α+ ῟(/·῾῟=+ %-∆%·=῾%+, µ= %᾿¨!Α·=-µ% ·% ᾿5¨-
/:᾿!¨΅· -*µ%·!(/Α+ %᾿¨/·῾-=(+ !6-¨ Γ+ ᾿5¨+ !*· ᾿5¨-!%-῾% !Γ· ῟(/%(Γµ.!Γ· !Γ· Θ5*-!)·
6-¨ /%( Γ+ ᾿5¨+ !*· %᾿¨!=·=-µ%!(/6!*!% !Γ· µ*Θ%·(-µ)· =·Α΄Θ¨΅ /%( %᾿¨·¨µ2+ =΅1:·*+.

Ε ·Α¨+ =΅5Γ᾿%Π/6+ /%·¨·(-µ6+ ΄(% !*· !=Θ·*!2 ·¨*µ¨-:·* =(-.΄=( ῾-Γ+ !¨ ᾿(¨ %΅-!*56
/%( ·=᾿!¨µ=5Α+ ᾿·%῾-(¨ ·¨΄¨῟¨-῾%+ ᾿%΄/¨-µ῾Γ+[6]. ῭5¨Λ·Α᾿=( ΅᾿¨Θ5=Γ!(/2 !=/µ*5῾Γ-*
(documentation) /%( ῟΅·%!6!*!% =·Α΄Θ¨΅ (auditability) -= 6·% !% -!.῟(% !¨΅ /:/·¨΅ ΥΓ2+
!¨΅ -΅-!2µ%!¨+, /%1)+ /%( -΅·=Θ2 ᾿%5%/¨·¨:1*-* /%( %;(¨·6΄*-* /(·῟:·Γ· /%( =᾿(῟6-=-
Γ·. Χ %·15)᾿(·* =᾿¨᾿!=῾% (human oversight) %᾿¨!=·=῾ Μ%-(/2 %5Θ2, µ= !¨· .·15Γ᾿¨ ·%
῟(%!*5=῾ !¨· !=·(/6 ·6΄¨ -!* ·2Κ* %᾿¨∆.-=Γ· (the “last word”). Ε ᾿.5¨Θ¨+ !¨΅ -΅-!2µ%-
!¨+ !=Θ·*!2+ ·¨*µ¨-:·*+ =῾·%( ΅᾿=:1΅·¨+ ΄(% !* ῟(%῟(/%-῾% =/᾿%῾῟=΅-*+ (training), !*·
᾿%5%/¨·¨:1*-* (monitoring) /%( !*· !=/µ*5῾Γ-* (documentation), =·) -!¨΅+ ¨5΄%·(-µ¨-
:+–Η¨5=῾+ ΅·¨᾿¨῾*-*+ %·%!῾1=!%( * =΅1:·* ΄(% !*· =᾿(·¨΄2 /%!.··*·¨΅ -΅-!2µ%!¨+, !*·
᾿5¨-%5µ¨΄2 -!(+ =(῟(/Α+ %·.΄/=+ !¨΅ ᾿=῟῾¨΅ =∆%5µ¨΄2+ (domain adaptation) /%( !*· !%-
/!(/2 %;(¨·6΄*-* !Γ· -Θ=!(/)· /(·῟:·Γ·. Χ =΅1:·* (liability) -΅Θ·. /%!%·Αµ=!%( µ=!%;:
!Γ· =µ᾿·=/6µ=·Γ· µ=5)·, (῟῾Γ+ -= -=·.5(% 6᾿¨΅ ¨ .·15Γ᾿¨+ -΅µµ=!ΑΘ=( =·=5΄. -!* ·2Κ*
%᾿¨∆.-=Γ· (human-in-the-loop). ῝= %΅!Α+ !(+ ᾿=5(᾿!)-=(+, * =΅1:·* =᾿(µ=5῾Σ=!%( µ=!%;:
᾿%56Θ¨΅, Η¨5Α% ΅·¨᾿¨῾*-*+ (deployer) /%( !=·(/¨: ·2᾿!* !*+ %᾿6∆%-*+ (decision-maker),
%᾿%(!)·!%+ -%∆2 /%!%·¨µ2 %5µ¨῟(¨!2!Γ· µΑ-Γ -΅µΛ.-=Γ·, =-Γ!=5(/)· ᾿¨·(!(/)· /%( ῟(%-
῟(/%-()· %·%∆¨5.+ (reporting).

,¨ Τ΅1µ(-!(/6 ᾿·%῾-(¨ ΄(% !*· !=Θ·*!2 ·¨*µ¨-:·* -!(+ Χ῭9 Θ%5%/!*5῾Σ=!%( %᾿6 /%!%-
/=5µ%!(-µ6, µ= Αµ∆%-* -!*· =΅1:·* ᾿5¨Π6·!¨+ (product liability) /%( !* ·¨µ¨·¨΄῾% (case
law). Ε( ᾿.5¨Θ¨( µ=΄.·Γ· ΄·Γ--(/)· µ¨·!Α·Γ· 2 =5΄%·=῾Γ· !=Θ·*!2+ ·¨*µ¨-:·*+ (LLMs/AI
tools) µ᾿¨5¨:· ·% Ο=Γ5*1¨:· ΅᾿=:1΅·¨( ΄(% Υ*µ῾=+ (damages) =.· %᾿¨῟=(Θ1=῾ 6!( !¨ -:-!*-
µ% ᾿%5¨΅-῾%Σ= =·%!!)µ%!% 2 ᾿5¨/%!%·2Κ=(+ (bias) ᾿¨΅ Ο% µ᾿¨5¨:-%· ·% =῾Θ%· =·!¨᾿(-!=῾
2 ᾿5¨·*∆1=῾ µΑ-Γ =᾿%5/¨:+ ῟¨/(µ2+ ῭%5.··*·%, ¨( Θ52-!=+ – 6᾿Γ+ ῟(/%-!Α+ – !=/µ%῾5=!%(
6!( ῟5¨΅· ¨51., Γ-!6-¨, -= ᾿=5(᾿!)-=(+ ῟΅-µ=·¨:+ Α/Λ%-*+, -΅Θ·. %/¨·¨΅1¨:·!%( -΅·-
·¨΄(/Α+ %΄Γ΄Α+ (class actions) /%!. !¨΅ ᾿%56Θ¨΅, /΅5῾Γ+ ΄(% Υ*!2µ%!% ᾿5¨/%!.·*Κ*+ 2
%·=᾿%5/¨:+ ῟(%∆.·=(%+ (failure in transparency). Χ %᾿¨΅-῾% =·(%῾¨΅ ¨µ¨-᾿¨·῟(%/¨: ᾿·%(-
-῾¨΅ =΅1:·*+ =᾿(!5Α᾿=( !¨ Η%(·6µ=·¨ !¨΅ forum shopping, ῟*·%῟2 !*· =᾿(·¨΄2 ῟(/%-!(/2+
᾿=5(∆Α5=(%+ µ= ᾿(¨ =΅·¨Π/¨:+ 65¨΅+ ΄(% !¨· =·.΄¨·!%.

,¨ Τ΅1µ(-!(/6 ᾿·%῾-(¨ !*+ 0῾·%+ ῟῾·=( Αµ∆%-* -!¨· /5%!(/6 Α·=΄Θ¨ (state auditing) /%(
!* ῟(%-∆.·(-* ·¨΄¨῟¨-῾%+ /΅5῾Γ+ ᾿5¨+ !¨ /5.!¨+, ᾿%5. ᾿5¨+ !¨· ᾿¨·῾!*. ,¨ Basic Law of
Artificial Intelligence =᾿(Λ.··=( ΅᾿¨Θ5=Γ!(/2 ·¨΄¨῟¨-῾% /%( (Θ·*·%-(µ6!*!% (accountability
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0=∆.·%(¨ 5. Ψ΅1µ(-!(/6 /%( *1(/6 ᾿·%῾-(¨

and traceability), Γ-!6-¨ * ῟(%∆.·=(% ᾿5¨+ !¨· ᾿¨·῾!* ᾿%5%µΑ·=( -΅Θ·. ᾿=5(¨5(-µΑ·*[73].
῝= ᾿=5(᾿!)-=(+ %᾿¨!΅Θ῾%+ (᾿.Θ. ᾿5¨/%!=(·*µµΑ·¨ %᾿¨!Α·=-µ%, ·%·1%-µΑ·* -΅µΛ¨΅·2),

* %·΅-῾῟% =΅1:·*+ ῟(%-᾿.!%( µ=!%;: ῟*µ(¨΅5΄¨: !¨΅ -΅-!2µ%!¨+ (developer), Η¨5Α% ΅·¨᾿¨-
῾*-*+ (deployer) /%( !=·(/¨: Θ52-!* (user), =·) -΅Θ·. %·%/:᾿!¨΅· Υ*!2µ%!% %᾿¨/·῾·¨΅-%+
=5µ*·=῾%+ -΅µΛ¨·%῾Γ·, %᾿¨Σ*µ()-=Γ· (insurance claims) /%( -΅΄/5¨:-=Γ· ῟(/%῾¨΅ (conflict
of laws). ῝!% ΅Λ5(῟(/. -Θ2µ%!% 6᾿¨΅ ¨ .·15Γ᾿¨+ -΅·=5΄.Σ=!%( µ= !¨ µ¨·!Α·¨ (LLM+human),
=῾·%( /5῾-(µ* * /%!%΄5%∆2 !¨΅ ᾿¨(¨+ =῾Θ= ᾿56-Λ%-* -= ᾿¨(% ῟=῟¨µΑ·%, ᾿¨(¨( /῾·῟΅·¨(/᾿=-
Τ(¨5(-µ¨῾ ῟(%!΅᾿)1*/%·, /%( %· ΅᾿25;= * /%!.··*·* =/᾿%῾῟=΅-* !Γ· Θ5*-!)·.

Β(% ·% %᾿¨!΅᾿Γ1¨:· µ= -΅΄/5(!(/6 /%( -΅-!*µ%!(/6 !56᾿¨ ¨( ῟(%∆¨5Α+ %·.µ=-% -!%
Μ%-(/. Τ΅1µ(-!(/. ᾿·%῾-(%, ¨ ᾿%5%/.!Γ ᾿῾·%/%+ -΅·¨Κ῾Σ=( !(+ Μ%-(/Α+ ᾿%5%µΑ!5¨΅+ !=/µ*-
Τ῾Γ-*+, =;*΄*-(µ6!*!%+, =·Α΄Θ¨΅, %·15)᾿(·*+ =᾿¨᾿!=῾%+, /%!%·¨µ2+ =΅1:·*+ /%( =᾿(᾿Α῟¨΅
-΅µµ65∆Γ-*+ -!% µ=΄.·% ΄·Γ--(/. µ¨·!Α·% (LLMs). 4Α-% %᾿6 %΅!2 !* -:΄/5(-* ΄῾·=!%(
Η%·=56 6!( * 3΅5Γ᾿%Π/2 Ν3·Γ-* %/¨·¨΅1=῾ ᾿5¨-Α΄΄(-* ΅Κ*·2+ Ο=-µ(/2+ ᾿5¨-!%-῾%+ /%(
Τ*!2+ ·¨΄¨῟¨-῾%+, ¨( Χ·ΓµΑ·=+ ῭¨·(!=῾=+ =᾿(/=·!5)·¨·!%( -!*· =΅1:·* ᾿5¨Π6·!¨+ /%( !* ·¨-
µ¨·¨΄(%/2 %·!(µ=!)᾿(-*, =·) !¨ /(·=Σ(/6 ᾿·%῾-(¨ =-!(.Σ=( /΅5῾Γ+ -!¨· /5%!(/6 Α·=΄Θ¨ /%(
-!* ·¨΄¨῟¨-῾% ᾿5¨+ !(+ ῟*µ6-(=+ %5ΘΑ+.

5.2 ·῝Οµ2΄)23Μ Σ5¨΅5

Χ %·.᾿!΅;* /%( =∆%5µ¨΄2 -΅-!*µ.!Γ· !=Θ·*!2+ ·¨*µ¨-:·*+ -!¨· ·¨µ(/6 !¨µΑ% =;=·῾--
-=!%( -= Α·% ¨·¨Α·% /%( ᾿(¨ -:·1=!¨ Τ΅1µ(-!(/6 ᾿=5(Λ.··¨·, 6᾿¨΅ !% =1·(/. /%( ΅᾿=5=1·(/.
᾿·%῾-(% -΅Θ·. %··*·=᾿(/%·:᾿!¨·!%( 2 /%( -΅΄/5¨:¨·!%(. Χ ῟(%µ65∆Γ-* /%·6·Γ· ΄(% !*
·¨΄¨῟¨-῾%, !* ῟(%∆.·=(% /%( !*· ᾿5¨-!%-῾% Ο=µ=·(Γ῟)· ῟(/%(Γµ.!Γ· %᾿¨!=·=῾ ᾿·Α¨· /5῾-(µ¨
῟(%/:Λ=΅µ% ΄(% !¨΅+ =µ᾿·=/6µ=·¨΅+ Η¨5=῾+—%᾿6 !¨΅+ ᾿5¨΄5%µµ%!(-!Α+ /%( !¨΅+ ᾿%56Θ¨΅+
µΑΘ5( !¨΅+ !=·(/¨:+ Θ52-!=+ /%( !¨΅+ Ο=-µ(/¨:+ =·=΄/!Α+.

῝!* ῟(=1·2 -/*·2, -΅·%·!.µ= %∆=·6+ ᾿5Γ!¨᾿¨5(%/. Ο=-µ(/. /=῾µ=·% 6᾿Γ+ ¨ 3΅5Γ᾿%-
Π/6+ 0%·¨·(-µ6+ ,=Θ·*!2+ Φ¨*µ¨-:·*+ /%( %∆=!Α5¨΅ =1·(/Α+ ᾿5¨-=΄΄῾-=(+ ᾿¨΅ ῟(%∆Α5¨΅·
-*µ%·!(/. Γ+ ᾿5¨+ !* Η(·¨-¨∆῾%, !*· =-!῾%-* /%( !¨ =᾿῾᾿=῟¨ -΅µµ65∆Γ-*+. Ε Τ΅1µ(-!(-
/6+ %·!%΄Γ·(-µ6+ µ=!%;: Χ.῭.9, 3.3 /%( 0῾·%+ /%1¨5῾Σ=( !*· ᾿%΄/6-µ(% %΄¨5. ·¨µ(/2+
!=Θ·*!2+ ·¨*µ¨-:·*+, ῟(%µ¨5∆)·¨·!%+ ᾿56!΅᾿% ῟(%∆.·=(%+, =;*΄*-(µ6!*!%+ /%( ·¨΄¨῟¨-
-῾%+ µ= .µ=-¨ %·!῾/!΅᾿¨ -!* ·¨µ(/2 %-∆.·=(%, !% ῟(/%()µ%!% !Γ· ᾿¨·(!)· /%( !*· !=Θ·(/2
/%(·¨!¨µ῾% [84], [85].

Χ ΅(¨1Α!*-* %΅-!*56!=5Γ· ᾿·%(-῾Γ· (frameworks), 6᾿Γ+ -!*· 3΅5Γ᾿%Π/2 Ν3·Γ-*, 2 ᾿=-
Τ(--6!=5¨ =΅Α·(/!Γ· /%( %᾿¨/=·!5ΓµΑ·Γ· ᾿5¨-=΄΄῾-=Γ· (decentralized approaches), 6᾿Γ+
-!(+ Χ·ΓµΑ·=+ ῭¨·(!=῾=+, ῟*µ(¨΅5΄=῾ 6Θ( µ6·¨ !=Θ·¨·¨΄(/Α+ ᾿5¨/·2-=(+ ΄(% !¨΅+ ᾿5¨΄5%µ-
µ%!(-!Α+, %··. /%( /5῾-(µ% ·¨µ(/. ῟(·2µµ%!% -Θ=!(/. µ= !* ῟(%-΅·¨5(%/2 ·=(!¨΅5΄῾% (cross-
border operation) !Γ· µ=΄.·Γ· ΄·Γ--(/)· µ¨·!Α·Γ· (LLMs), !* -΅µµ65∆Γ-* µ= %·!(/5¨΅-
6µ=·% ᾿56!΅᾿% (standards) /%( !*· ᾿5¨-!%-῾% !Γ· Ο=µ=·(Γ῟)· ῟(/%(Γµ.!Γ· (fundamental
rights). ,%΅!6Θ5¨·%, %·%῟:¨·!%( ·Α% Τ΅1µ(-!(/. ᾿=῟῾%, 6᾿Γ+ * ᾿56Λ·=Κ* ΄(% Τ΅1µ(-!(/¨:+
«Θ)5¨΅+ ῟¨/(µ)·» (regulatory sandboxes), ¨( ῟(%῟(/%-῾=+ %;(¨·6΄*-*+ =᾿(᾿!)-=Γ· (impact
assessment) /%( ¨( ῟΅·%µ(/Α+ %5Θ(!=/!¨·(/Α+ =·Α΄Θ¨΅ (dynamic control architectures) ᾿¨΅
%·!%᾿¨/5῾·¨·!%( -!* Η:-* !Γ· ᾿5¨-%5µ¨-!(/)· -΅-!*µ.!Γ· !=Θ·*!2+ ·¨*µ¨-:·*+ (adaptive
AI systems)
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5.2.1 Ε 0%·¨·(-µ6+ ,=Θ·*!2+ Φ¨*µ¨-:·*+ !*+ 33 /%( * Φ¨µ(/2 ,=Θ·*!2 Φ¨*µ¨-:·*

5.2.1 : ῾·+5+2΄µΜΚ Σ-Λ+()ΝΚ ᾿5(µ5΄Χ+(Κ )(Κ !! 3·2 ( ᾿5µ23Ν Σ-Λ+()Ν

᾿5(µ5΄Χ+(

Χ ΅(¨1Α!*-* !¨΅ 0%·¨·(-µ¨: ,=Θ·*!2+ Φ¨*µ¨-:·*+ !*+ 3΅5Γ᾿%Π/2+ Ν3·Γ-*+ [6], ᾿¨΅
¨5(-!(/¨᾿¨(21*/= !¨ 2024, -*µ%!¨῟¨!=῾ µ(% Ο=µ=·()῟* !¨µ2 -!* Τ:1µ(-* !Γ· -΅-!*µ.!Γ·
!=Θ·*!2+ ·¨*µ¨-:·*+ µ= .µ=-* /%( µ%/5¨᾿561=-µ* =᾿῾῟5%-* -!¨ ·¨µ(/6 ¨(/¨-:-!*µ%,
=(῟(/. Γ+ ᾿5¨+ !* Θ52-* µ=΄.·Γ· ΄·Γ--(/)· µ¨·!Α·Γ· (LLMs) ΄(% -/¨᾿¨:+ ῟(/%-!(/2+
2 ῟(¨(/*!(/2+ ·2Κ*+ %᾿¨∆.-=Γ·. Χ =΅5Γ᾿%Π/2 ᾿5¨-Α΄΄(-*, 6᾿Γ+ %᾿¨!΅᾿)·=!%( -!¨· AI
Act, =῾·%( Θ%5%/!*5(-!(/. %·15Γ᾿¨/=·!5(/2 /%( Μ%-(-µΑ·* -!*· %5Θ2 !*+ ᾿5¨∆:·%;*+ !Γ·
Ο=µ=·(Γ῟)· ῟(/%(Γµ.!Γ· (fundamental rights). 3-!(.Σ=( -΅-!*µ%!(/. -!* ῟(%-∆.·(-* !*+
῟(%∆.·=(%+ (transparency), !*+ ·¨΄¨῟¨-῾%+ (accountability) /%( !*+ ῟΅·%!6!*!%+ =·Α΄Θ¨΅
(auditability) -= /.1= -!.῟(¨ %·.᾿!΅;*+ /%( Θ52-*+ -΅-!*µ.!Γ· ,Φ, =·) ΅(¨1=!=῾ µ῾% ῟(%-
Μ%1µ(-µΑ·* ·¨΄(/2 %;(¨·6΄*-*+ /(·῟:·¨΅ (risk-based approach), * ¨᾿¨῾% %·!(/%!¨᾿!5῾Σ=( !*
῟΅·%µ(/2 /%( !*· ᾿¨·΅᾿·¨/6!*!% !Γ· %·΄¨5(1µ(/)· !=Θ·¨·¨΄()· -!¨ ᾿=῟῾¨ !¨΅ ῟(/%῾¨΅[84].

῝:µ∆Γ·% µ= %΅!2 !* ·Α% Ο=-µ(/2 %5Θ(!=/!¨·(/2, !% -΅-!2µ%!% !=Θ·*!2+ ·¨*µ¨-:·*+
/%!*΄¨5(¨᾿¨(¨:·!%( Μ.-=( !¨΅ Τ΅1µ(-!(/¨: /%( /¨(·Γ·(/¨: !¨΅+ /(·῟:·¨΅ (regulatory and
social risk), ῟(%/5῾·¨·!%+ Τ*!. %·.µ=-% -= =∆%5µ¨΄Α+ %᾿%5.῟=/!¨΅ /(·῟:·¨΅ (᾿.Θ. /¨(·Γ·(-
/2 Μ%1µ¨·6΄*-* 2 µ* ῟(%∆%·2+ =᾿(!25*-*, unacceptable risk applications) /%( -= =/=῾·=+
᾿¨΅ Θ%5%/!*5῾Σ¨·!%( Γ+ «΅Κ*·¨: Τ῾-/¨΅» (high-risk applications). Χ ῟=:!=5* /%!*΄¨5῾%
%∆¨5. /΅5῾Γ+ -΅-!2µ%!% ,Φ ᾿¨΅ =·-Γµ%!)·¨·!%( -= Ο=-µ(/Α+ ·=(!¨΅5΄῾=+ µ= /%1¨5(-!(/6
%·!῾/!΅᾿¨ -!% %·15)᾿(·% ῟(/%()µ%!%, 6᾿Γ+ * %᾿¨·¨µ2 ῟(/%(¨-:·*+, * ΅᾿¨-!25(;* ·2Κ*+
῟(¨(/*!(/)· %᾿¨∆.-=Γ·, * %΅!¨µ%!¨᾿¨(*µΑ·* =᾿=;=5΄%-῾% ·¨µ(/)· ῟=῟¨µΑ·Γ· /%( ¨( ᾿5¨-
!.-=(+ =᾿῾ ῟(/%-!(/)· Η%/Α·Γ·. ,% LLMs ᾿¨΅ %·%᾿!:--¨·!%( 2 ΅·¨᾿¨(¨:·!%( ΄(% !Α!¨(¨΅+
-/¨᾿¨:+, %·=;%5!2!Γ+ %· ·=(!¨΅5΄¨:· Γ+ =5΄%·=῾% ΅᾿¨-!25(;*+ (decision support) 2 Γ+ %΅-
!6·¨µ% -΅-!2µ%!% ·2Κ*+ %᾿6∆%-*+ (automated decision-making), ΅᾿.΄¨·!%( ΅᾿¨Θ5=Γ!(/.
-!¨ %΅-!*56!=5¨ Τ΅1µ(-!(/6 ᾿·%῾-(¨, %·%΄·Γ5῾Σ¨·!%+ !¨· /῾·῟΅·¨ -΅-!*µ(/)· -∆%·µ.!Γ·
2 µ=5¨·*Κ῾%+ (systemic errors, bias) ᾿¨΅ µ᾿¨5¨:· ·% ῟(%/΅Λ=:-¨΅· !* ·¨µ(µ6!*!% !*+
῟(/%(¨-:·*+[6].

Χ Α·!%;* =·6+ LLM -!¨ /%1=-!)+ ΅Κ*·¨: /(·῟:·¨΅ ῟*µ(¨΅5΄=῾ µ῾% -=(5. %᾿6 %΅-!*5Α+
΅᾿¨Θ5=)-=(+ ῟(%∆.·=(%+ (transparency), !=/µ*5῾Γ-*+ (documentation), =5µ*·=΅-(µ6!*!%+
(explainability) /%( -΅·=Θ¨:+ =·Α΄Θ¨΅ (continuous monitoring), ᾿¨΅ =/!=῾·¨·!%( -= 6·¨ !¨·
/:/·¨ ΥΓ2+ !¨΅ -΅-!2µ%!¨+. Ε 0%·¨·(-µ6+ ᾿5¨Λ·Α᾿=( !*· %᾿%῾!*-* ΄(% ᾿·25* !=/µ*5῾Γ-*
/.1= Η.-*+ -Θ=῟(%-µ¨:, =/᾿%῾῟=΅-*+, ᾿%5%µ=!5¨᾿¨῾*-*+ /%( ·=(!¨΅5΄῾%+ !¨΅ µ¨·!Α·¨΅.
Ε᾿¨(%῟2᾿¨!= %᾿6∆%-*, -:-!%-* 2 %᾿¨!Α·=-µ% ᾿¨΅ ᾿%5.΄=!%( %᾿6 !¨ LLM ᾿5Α᾿=( ·% -΅·¨-
῟=:=!%( %᾿6 ·=᾿!¨µ=5Α+ (-!¨5(/6 =·Α΄Θ¨΅ (audit trail), !¨ ¨᾿¨῾¨ ᾿=5(·%µΛ.·=( %·%·΅!(/2 /%-
!%΄5%∆2 !Γ· ῟=῟¨µΑ·Γ· =(-6῟¨΅ (inputs), !Γ· =᾿(·=΄µΑ·Γ· %5Θ(!=/!¨·(/)· (architectures),
!Γ· ᾿%5%µ=!5(/)· Τ΅1µ῾-=Γ· (parameter settings), /%1)+ /%( !Γ· ῟(%῟(/%-()· =·Α΄Θ¨΅ /%(
=᾿(Λ=Λ%῾Γ-*+ !*+ ¨516!*!%+ !¨΅ %᾿¨!=·Α-µ%!¨+ (validation procedures). Χ %᾿%῾!*-* %΅!2
=᾿=/!=῾·=!%( /%( -!* Η.-* !*+ =/᾿%῾῟=΅-*+ (training), =᾿(Λ.··¨·!%+ -!¨· ᾿5¨΄5%µµ%!(-!2
(developer) !*· ΅᾿¨Θ5ΑΓ-* ·% %᾿¨῟=(/·:=( !* ·¨µ(µ6!*!%, !* -΅·.∆=(% /%( !* µ* µ=5¨·*Κ῾%
(legality, relevance, non-bias) !Γ· Θ5*-(µ¨᾿¨(¨:µ=·Γ· ῟=῟¨µΑ·Γ·. ῭%5.··*·%, * %·.΄/*
΄(% %·(Θ·=΅-(µ6!*!% (traceability) /%·:᾿!=( /%( !(+ %··%΄Α+ ᾿¨΅ ᾿5%΄µ%!¨᾿¨(¨:·!%( =/ !Γ·
΅-!Α5Γ· -!¨ µ¨·!Α·¨ (᾿.Θ. =᾿%·%=/᾿%῾῟=΅-*, retraining, !5¨᾿¨᾿¨῾*-* ᾿%5%µΑ!5Γ·), )-!=
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0=∆.·%(¨ 5. Ψ΅1µ(-!(/6 /%( *1(/6 ᾿·%῾-(¨

·% =῾·%( ᾿.·!¨!= ῟΅·%!2 * =;(Θ·῾%-* !*+ %/5(Λ¨:+ %··*·¨΅Θ῾%+ =·=5΄=()· ᾿¨΅ ¨῟2΄*-= -=
Α·% -΅΄/=/5(µΑ·¨ %᾿¨!Α·=-µ%.

3᾿(᾿·Α¨·, !¨ Υ2!*µ% !*+ =;*΄*-(µ6!*!%+ (explainability) %·!(µ=!Γ᾿῾Σ=!%( 6Θ( %᾿·)+ Γ+
!=Θ·(/6 Υ*!¨:µ=·¨, %··. Γ+ Ο=-µ(/2 /%( ·¨µ(/2 ΅᾿¨Θ5ΑΓ-*. ,% LLMs ᾿¨΅ =·!.--¨·!%( -!¨
·¨µ(/6 ᾿=5(Λ.··¨· ΅᾿¨Θ5=¨:·!%( ·% ᾿%5ΑΘ¨΅· %·15)᾿(·% /%!%·¨*!Α+ =;*΄2-=(+ (human-
understandable explanations) ΄(% /.1= /5῾-(µ* %᾿6∆%-* 2 -:-!%-*, !6-¨ ᾿5¨+ !¨· !=·(/6
Θ52-!* (῟(/%-!2, ῟(¨(/*!(/6 65΄%·¨, ᾿¨·῾!*) 6-¨ /%( ᾿5¨+ !(+ %5µ6῟(=+ =᾿¨᾿!(/Α+ %5ΘΑ+. Χ =-
;*΄*-(µ6!*!% ᾿5Α᾿=( ·% Μ%-῾Σ=!%( -= -΅΄/=/5(µΑ·=+ !=Θ·(/Α+, 6᾿Γ+ =᾿῾᾿=῟% =5µ*·=΅-(µ6!*-
!%+ (interpretability modules), %·%·΅!(/Α+ ᾿=5(΄5%∆Α+ !Γ· -΅·6·Γ· ῟=῟¨µΑ·Γ· (datasets) /%(
!Γ· µ=!%Λ·*!)· ᾿¨΅ =᾿*5Α%-%· !¨ %᾿¨!Α·=-µ%, Θ52-* ᾿5¨-=΄΄(-!(/)· µ¨·!Α·Γ· (surrogate
models) /%( µ=16῟¨΅+ ¨᾿!(/¨᾿¨῾*-*+ (visualization) ᾿¨΅ %·%῟=(/·:¨΅· !* ·¨΄(/2 ῟(%῟5¨µ2
%᾿6 !*· =῾-¨῟¨ (input) -!*· Α;¨῟¨ (output). ῎-!6-¨, ¨ 0%·¨·(-µ6+ !¨·῾Σ=( 6!( * ῟(%∆.·=(%
(transparency) ῟=· µ᾿¨5=῾ ·% =῾·%( ᾿5¨-Θ*µ%!(/2 2 ·% =;%·!·=῾!%( -= !΅᾿(/Α+ %(!(¨·¨΄2-=(+
%᾿%(!=῾!%( ¨΅-(%-!(/2 =᾿=;*΄*-(µ6!*!% =·-Γµ%!ΓµΑ·* =/ -Θ=῟(%-µ¨:, )-!= ¨ Θ52-!*+ ·%
µ᾿¨5=῾ ·% %µ∆(-Λ*!2-=( %᾿¨!=·=-µ%!(/. µ῾% %᾿6∆%-* /%( ·% Υ*!2-=( %·%1=)5*-* 2 ᾿=5%(-
!Α5Γ ῟(=΅/5(·῾-=(+ [82][6].

8῟(%῾!=5* Αµ∆%-* ῟῾·=!%( =᾿῾-*+ -!* Ο=-µ¨1Α!*-* !*+ %·15)᾿(·*+ =᾿¨᾿!=῾%+ (human
oversight) -= 6·% !% -!.῟(% !*+ %·΄¨5(1µ(/2+ ῟(%῟(/%-῾%+[84]. Ε EU AI Act /%1(-!. -%∆Α+
6!(, %/6µ* /%( -= ᾿·25Γ+ %΅!¨µ%!¨᾿¨(*µΑ·% 2 %΅!6·¨µ% -΅-!2µ%!%, ¨ .·15Γ᾿¨+ ῟(%!*5=῾
!*· %5µ¨῟(6!*!% ᾿%5ΑµΛ%-*+, =᾿%·=;Α!%-*+ /%(, 6᾿¨΅ Θ5=(.Σ=!%(, %·%῾5=-*+ !¨΅ %·΄¨5(1-
µ(/¨: %᾿¨!=·Α-µ%!¨+. ,¨ ῟(/%῾Γµ% %µ∆(-Λ2!*-*+ (challenge) /%( * ῟΅·%!6!*!% ᾿5¨-∆΅΄2+
-= %·=;.5!*!¨ µ*Θ%·(-µ6 =·Α΄Θ¨΅ 2 Α·῟(/% µΑ-% =·-Γµ%!)·¨·!%( Γ+ %·%΄/%῾% -!¨(Θ=῾% !*+
Ο=-µ(/2+ ·¨µ(µ6!*!%+, (῟(%῾!=5% -= =∆%5µ¨΄Α+ ᾿¨΅ %΄΄῾Σ¨΅· !¨ ᾿=῟῾¨ !¨΅ ῟(/%῾¨΅ /%( !*+
῟*µ6-(%+ ῟(¨῾/*-*+.

Χ ῟(%Θ=῾5(-* !¨΅ /(·῟:·¨΅ (risk management) /%( * -΅·=Θ2+ ᾿%5%/¨·¨:1*-* !Γ· LLMs
%᾿¨!=·¨:· =᾿῾-*+ /5῾-(µ¨΅+ .;¨·=+ !¨΅ Ο=-µ(/¨: ᾿·%(-῾¨΅. Ε EU AI Act =᾿(Λ.··=( -΅-!*-
µ%!(/2 %;(¨·6΄*-* !Γ· /(·῟:·Γ· (risk assessment) /%( =/᾿6·*-* %·%·:-=Γ· =᾿(᾿!)-=Γ·
(impact assessments) !6-¨ ᾿5(· %᾿6 !* ῟(.1=-* !¨΅ -΅-!2µ%!¨+ -!*· %΄¨5. 6-¨ /%( /%!.
!* ῟(.5/=(% !*+ ·=(!¨΅5΄῾%+ !¨΅[13]. Ε( %᾿%(!2-=(+ %΅!Α+ µ=!%∆5.Σ¨·!%( -= ῟(%5/2 =·Α΄Θ¨
΄(% µ=5¨·*Κ῾% (bias), %·1=/!(/6!*!% (robustness), (-¨!(µ῾% (fairness) /%( µ=!%!6᾿(-* (drift),
µ= !%΅!6Θ5¨·* ΅᾿¨Θ5ΑΓ-* /%!%΄5%∆2+ /%( %·%∆¨5.+ (logging and reporting) !΅Θ6· ᾿=5(-
-!%!(/)· ᾿%5%Λ῾%-*+ ῟(/%(Γµ.!Γ·, -∆%·µ.!Γ· 2 ῟΅-·=(!¨΅5΄()· ᾿5¨+ !(+ %5µ6῟(=+ %5ΘΑ+.
Ε 0%·¨·(-µ6+ ῟*µ(¨΅5΄=῾ Α·% =·(%῾¨ ᾿·%῾-(¨ =᾿¨᾿!=῾%+ -= =΅5Γ᾿%Π/6 /%( =1·(/6 =᾿῾᾿=῟¨
(oversight framework), =·(-Θ:¨·!%+ !* ῟(%·=(!¨΅5΄(/6!*!% (interoperability), !*· %;(¨᾿(-!῾%
(reliability) !Γ· -΅-!*µ.!Γ· /%( !*· ᾿5¨-!%-῾% !Γ· ᾿¨·(!)·.

9;῾Σ=( ·% -*µ=(Γ1=῾ ᾿Γ+ !¨ =΅5Γ᾿%Π/6 ᾿·%῾-(¨ ῟(%∆Α5=( -*µ%·!(/. Γ+ ᾿5¨+ !*· %΅-!*-
Τ6!*!% /%( !(+ %᾿%(!2-=(+ -= -:΄/5(-* µ= .··% ῟(=1·2 /%1=-!)!%. Χ 3΅5Γ᾿%Π/2 Ν3·Γ-* ΅(¨-
Ο=!=῾ !¨· ᾿·Α¨· ᾿5¨Γ1*µΑ·¨ /%( ῟=-µ=΅!(/6 µ*Θ%·(-µ6 =·Α΄Θ¨΅ (compliance mechanism),
µ= ΅Κ*·Α+ %᾿%(!2-=(+ -΅µµ65∆Γ-*+ (compliance), =·(-Θ΅µΑ·* ·¨΄¨῟¨-῾% (accountability)
/%( %΅-!*5Α+ /΅5)-=(+ (sanctions) -= ᾿=5(᾿!)-=(+ µ* !25*-*+. ,¨ /6-!¨+ -΅µµ65∆Γ-
-*+ (compliance cost) %΅;.·=!%(, /%1)+ ¨( ᾿5¨΄5%µµ%!(-!Α+ (developers) /%( ¨( ῟*µ6-(¨(
Η¨5=῾+ /%·¨:·!%( ·% =᾿=·῟:-¨΅· -= !=Θ·¨·¨΄῾=+ ῟(%∆.·=(%+ (transparency technologies),
=-Γ!=5(/Α+ ᾿¨·(!(/Α+ =·Α΄Θ¨΅ (auditing policies) /%( ῟(=᾿(-!*µ¨·(/Α+ ¨µ.῟=+ ῟(%/΅ΛΑ5·*-*+
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5.2.2 7(=1·=῾+ Ψ΅1µ(-!(/Α+ ῭5¨-=΄΄῾-=(+

(governance teams), )-!= ·% ῟(%-∆%·(-!=῾ * ᾿·25*+ /.·΅Κ* !¨΅ Τ΅1µ(-!(/¨: Μ.5¨΅+ (reg-
ulatory burden). ,*· ῾῟(% -!(΄µ2, !¨ 6∆=·¨+ ΄(% !¨ /5.!¨+ ῟(/%῾¨΅ /%( !¨΅+ ᾿¨·῾!=+ =῾·%(
¨΅-()῟=+ : * %᾿¨·¨µ2 ῟(/%(¨-:·*+ =·(-Θ:=!%( µ= ᾿5%΄µ%!(/. =·Α΄;(µ%, ῟(%∆%·2 /%( =5µ*-
·=:-(µ% =5΄%·=῾%, =·) ¨ /῾·῟΅·¨+ %΅1%῾5=!Γ· 2 µ=5¨·*᾿!(/)· %·΄¨5(1µ(/)· %᾿¨!=·=-µ.!Γ·
᾿=5(¨5῾Σ=!%( ῟5%-!(/. [82].

3· /%!%/·=῾῟(, ¨ 0%·¨·(-µ6+ ,=Θ·*!2+ Φ¨*µ¨-:·*+ !*+ 33 (EU AI Act) -*µ%!¨῟¨!=῾
!*· ᾿(¨ Η(·6῟¨;* µΑΘ5( -2µ=5% Ο=-µ(/2 ᾿5¨-᾿.1=(% =·-Γµ.!Γ-*+ !*+ !=Θ·¨·¨΄(/2+ /%(-
·¨!¨µ῾%+ -!¨ ·¨µ(/6 ᾿=῟῾¨ ΅᾿6 -΅·12/=+ %᾿6·΅!¨΅ -=Λ%-µ¨: !Γ· Ο=µ=·(Γ῟)· %5Θ)· !¨΅
῟(/%῾¨΅ /%( !*+ /¨(·Γ·(/2+ ῟(/%(¨-:·*+ (social justice). Χ =∆%5µ¨΄2 !¨΅ %᾿¨!=·=῾ ᾿56!΅᾿¨
΄(% !* ῟(=1·2 /¨(·6!*!%, ῟*µ(¨΅5΄)·!%+ µ(% (-Θ΅52 ᾿%5%/%!%12/* ΄(% !*· ΅᾿=:1΅·* /%(
/¨(·Γ·(/. %᾿¨῟=/!2 %·.᾿!΅;* /%( Θ52-* !Γ· LLMs -!¨· Θ)5¨ !¨΅ ῟(/%῾¨΅.

῝΅·=᾿)+, ¨( !=Θ·(/Α+ ·:-=(+ ᾿¨΅ %·%·:¨·!%( /%( -!(+ ᾿5¨*΄¨:µ=·=+ =·6!*!=+, 6᾿Γ+ ¨(
᾿·25=(+ ῟(%῟5¨µΑ+ -΅··¨΄(-µ¨:, ¨( µ*Θ%·(-µ¨῾ ῟(%-!%΅5¨:µ=·*+ =᾿%·21=΅-*+, * ῟΅·%µ(-
/2 /%!%΄5%∆2 =·=5΄=()· /%( ¨( !=Θ·(/Α+ %·῾Θ·=΅-*+ ᾿%5%(-12-=Γ·, ῟=· %᾿¨!=·¨:· %᾿·)+
!=Θ·¨·¨΄(/Α+ /%(·¨!¨µ῾=+. 9·!(1Α!Γ+, -΅·(-!¨:· ¨΅-()῟=(+ %᾿%·!2-=(+ -!(+ -΅΄/=/5(µΑ·=+
Ο=-µ(/Α+ %᾿%(!2-=(+ !¨΅ 0%·¨·(-µ¨:, 6᾿Γ+ * !=/µ*5῾Γ-*, * %·(Θ·=΅-(µ6!*!%, * ῟(%∆.·=(%
/%( * =;*΄*-(µ6!*!%. Χ !=Θ·(/2 -΅µµ65∆Γ-* ῟=· =῾·%( %᾿¨-᾿%-µΑ·* %᾿6 !(+ ·¨µ(/Α+ =᾿(-
!%΄Α+, %··. %᾿¨!=·=῾ %·%΄/%῾% ᾿5¨Ι᾿61=-* ΄(% !*· ¨΅-(%-!(/2 =·-Γµ.!Γ-* !Γ· LLMs -!¨
=΅5Γ᾿%Π/6 ·¨µ(/6 ᾿·%῾-(¨, -:µ∆Γ·% µ= !¨ .515¨ 9 !¨΅ 0%·¨·(-µ¨:.

5.2.2 72-Ο+-΅Κ ·῝Οµ2΄)236Κ Φ%5΄-..΅΄-2Κ

Χ Τ:1µ(-* !*+ !=Θ·*!2+ ·¨*µ¨-:·*+ -!¨· ·¨µ(/6 !¨µΑ% ῟=· %/¨·¨΅1=῾ =·(%῾% ᾿%΄/6-µ(%
΄5%µµ2, %··. ῟(%µ¨5∆)·=!%( ῟΅·%µ(/. µΑ-% %᾿6 ῟(%∆¨5=!(/Α+ ᾿%5%῟6-=(+, ᾿¨·(!(/Α+ =᾿(-
·¨΄Α+ /%( /¨(·Γ·(/. ᾿·%῾-(%, µ= Μ%-(/¨:+ ᾿6·¨΅+ !*· 3΅5Γ᾿%Π/2 Ν3·Γ-*, !(+ Χ·ΓµΑ·=+
῭¨·(!=῾=+ 9µ=5(/2+ /%( !*· 0῾·%. 0.1= µ῾% %᾿6 %΅!Α+ !(+ ῟(/%(¨῟¨-῾=+ ᾿5¨-=΄΄῾Σ=( !*· %-
·.᾿!΅;* /%( =·-Γµ.!Γ-* !*+ ,=Θ·*!2+ Φ¨*µ¨-:·*+ -!¨ ῟῾/%(¨ µ= ῟(%∆¨5=!(/2 Η(·¨-¨∆῾%,
!=Θ·(/Α+ ᾿5¨῟(%΄5%∆Α+ /%( Τ΅1µ(-!(/. =5΄%·=῾%, ΄=΄¨·6+ ᾿¨΅ ῟*µ(¨΅5΄=῾ !6-¨ =΅/%(5῾=+
6-¨ /%( Τ΅1µ(-!(/Α+ ᾿5¨/·2-=(+ -!*· ᾿%΄/6-µ(% %΄¨5. ·¨µ(/2+ !=Θ·*!2+ ·¨*µ¨-:·*+.

῝!(+ Χ·ΓµΑ·=+ ῭¨·(!=῾=+, !¨ Τ΅1µ(-!(/6 ᾿·%῾-(¨ Θ%5%/!*5῾Σ=!%( %᾿6 Α·!¨·* %᾿¨/Α·!5Γ-*
(decentralization) /%( ᾿¨·΅µ¨5∆῾%, /%1)+ * %᾿¨΅-῾% =·(%῾%+ ¨µ¨-᾿¨·῟(%/2+ ·¨µ¨1=-῾%+ ΄(%
!% -΅-!2µ%!% !=Θ·*!2+ ·¨*µ¨-:·*+ (AI) ΑΘ=( Γ+ %᾿¨!Α·=-µ% * Τ:1µ(-* ·% ᾿5¨/:᾿!=( /΅5῾Γ+
%᾿6 µ=µ¨·ΓµΑ·=+ ᾿¨·(!=(%/Α+ ᾿5Γ!¨Λ¨΅·῾=+, =᾿%΄΄=·µ%!(/. ᾿56!΅᾿% (professional stan-
dards), ῟(/%-!(/. ᾿5¨*΄¨:µ=·% (case law) /%( /·%῟(/Α+ /%!=΅1΅·!25(=+ ΄5%µµΑ+ (sectoral
guidelines)[83].Χ Μ%-(/2 ᾿5¨!=5%(6!*!% !Γ· %µ=5(/%·(/)· ᾿5¨-=΄΄῾-=Γ· =῾·%( * ᾿5¨)1*-*
!*+ /%(·¨!¨µ῾%+ (innovation) /%( !*+ %·!%΄Γ·(-!(/6!*!%+ (competitiveness), µ= !%΅!6Θ5¨·*
᾿5¨-!%-῾% !¨΅ /%!%·%·Γ!2 µΑ-Γ µ*Θ%·(-µ)· =/ !Γ· ΅-!Α5Γ· (ex post) =΅1:·*+ (liability) /%(
᾿5¨-∆΅΄2+ -!* ῟(/%(¨-:·*, ᾿%5. µΑ-Γ =/!=!%µΑ·Γ· =/ !Γ· ᾿5¨!Α5Γ· (ex ante) Τ΅1µ(-!(/)·
=·Α΄ΘΓ· 6᾿Γ+ -!*· 3΅5)᾿*. Ν3!-(, * ·¨΄¨῟¨-῾% (accountability) -!% LLMs ᾿¨΅ Θ5*-(µ¨-
᾿¨(¨:·!%( -= ·¨µ(/Α+ =∆%5µ¨΄Α+ ῟(%-∆%·῾Σ=!%( /΅5῾Γ+ µΑ-Γ µ*Θ%·(-µ)· =΅1:·*+ ᾿5¨Π6·!¨+
(product liability), =᾿%΄΄=·µ%!(/2+ =΅1:·*+ (professional liability) /%( =᾿(µΑ5¨΅+ ·¨µ¨·¨-
΄(%/)· ·:-=Γ· (ad hoc case law) -= ᾿=5(᾿!)-=(+ 6᾿¨΅ ᾿5¨/:᾿!¨΅· ᾿5¨Λ·2µ%!% µ=5¨·*Κ῾%+
(bias), %῟(%∆.·=(%+ (opacity) 2 %/¨:-(%+ Μ·.Λ*+ (harm) ᾿5¨+ ᾿¨·῾!=+ /%( ῟(%῟῾/¨΅+.

76¨82µ·*6/( 9%῭·).· 95
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3᾿(᾿·Α¨·, ¨( ᾿5¨΄5%µµ%!(-!Α+ /%( ¨( ᾿.5¨Θ¨( ·¨µ(/)· LLMs -!(+ Χ῭9 ¨∆=῾·¨΅· ·%
·%µΛ.·¨΅· ΅᾿6Κ* !¨΅+ !*· %΅;%·6µ=·* %᾿%῾!*-* ΄(% *1(/2 !=Θ·*!2 ·¨*µ¨-:·* (ethical
AI), /΅5῾Γ+ µΑ-% %᾿6 ᾿5Γ!¨Λ¨΅·῾=+ %΅!¨55:1µ(-*+ (self-regulation), ΅(¨1Α!*-* ΜΑ·!(-!Γ·
᾿5%/!(/)· (best practices) /%( %·=᾿῾-*µ% ᾿·%῾-(% =·Α΄Θ¨΅ (auditing frameworks), ΘΓ5῾+
Γ-!6-¨ ·% ΅᾿6/=(·!%( -= =·(%῾¨ Τ΅1µ(-!(/6 /%1=-!)+ (regulatory regime). ῎+ %᾿¨!Α·=-µ%,
* %-΅·=Θ2+ %΅!2 Τ΅1µ(-!(/2 ᾿5%΄µ%!(/6!*!% ῟*µ(¨΅5΄=῾ ᾿=5(Λ.··¨· ΅Κ*·2+ ·¨µ(/2+ %-
Μ=Λ%(6!*!%+ (legal uncertainty) /%( /῾·῟΅·¨ ῟(/%-!(/¨: Η65¨΅µ (forum shopping), 6᾿¨΅ ¨(
=µ᾿·=/6µ=·¨( µ᾿¨5=῾ ·% =᾿(῟()/¨΅· =/῟῾/%-* -= =΅·¨Π/6!=5=+ ῟(/%-!(/Α+ ᾿=5(∆Α5=(=+, (῟῾Γ+
-= ᾿=5(᾿!)-=(+ %·΄¨5(1µ(/)· ·%1)·, -΅-!*µ(/2+ µ=5¨·*Κ῾%+ (systemic bias) 2 %῟(%∆%·)·
%᾿¨∆.-=Γ·.

9·!῾1=!%, !¨ Τ΅1µ(-!(/6 ᾿·%῾-(¨ !*+ 0῾·%+ ΅(¨1=!=῾ µ(% -΅΄/=·!5Γ!(/2 /%( /5%!(/¨/=-
·!5(/2 ᾿5¨-Α΄΄(-* (centralized, state-centric approach), 6᾿¨΅ !¨ /5.!¨+ %᾿¨!=·=῾ !¨· Μ%-(-
/6 =·=΄/!2 /%( =΄΄΅*!2 !*+ ·=(!¨΅5΄῾%+ !Γ· -΅-!*µ.!Γ· !=Θ·*!2+ ·¨*µ¨-:·*+. Ε «῏%-(/6+
Φ6µ¨+ ,=Θ·*!2+ Φ¨*µ¨-:·*+» (Basic Law of AI) !*+ 0῾·%+ =᾿(Λ.··=( %᾿%(!2-=(+ ·¨΄¨῟¨-
-῾%+ (accountability) /%( (Θ·*·%-(µ6!*!%+ (traceability) -!¨΅+ ᾿5¨΄5%µµ%!(-!Α+ /%( !¨΅+
᾿%56Θ¨΅+ -΅-!*µ.!Γ· ,Φ, µ= %΅-!*56 Α·=΄Θ¨ (auditing), ΅᾿¨Θ5=Γ!(/2 /%!%΄5%∆2 /%( !=/-
µ*5῾Γ-* 6·Γ· !Γ· /5῾-(µΓ· ᾿%5%µΑ!5Γ· /%( ·=(!¨΅5΄()·. Χ =;*΄*-(µ6!*!% (explainability)
/%( * ῟(%∆.·=(% (transparency), Γ-!6-¨, =-!(.Σ¨·!%( /΅5῾Γ+ -!*· ᾿5¨-!%-῾% !Γ· /5%!(/)·
-΅µ∆=56·!Γ· /%( ·(΄6!=5¨ -!* ῟(%-∆.·(-* %!¨µ(/)· ῟(/%(Γµ.!Γ· 2 -!* ῟΅·%!6!*!% %µ-
Η(-Λ2!*-*+ (challenge) %᾿6 ᾿¨·῾!=+ /%( =᾿%΄΄=·µ%!῾=+ !¨΅ ῟(/%῾¨΅ [87]. ῝!¨ ᾿·%῾-(¨ !Γ·
«Α;΅᾿·Γ· ῟(/%-!*5῾Γ·» (smart courts) ᾿¨΅ ·=(!¨΅5΄¨:· 2῟* -= %5/=!Α+ =᾿%5Θ῾=+, ¨( %·΄¨-
Τ(1µ(/Α+ %᾿¨∆.-=(+ LLMs !΅᾿¨᾿¨(¨:·!%( /%( !=/µ*5()·¨·!%( Γ+ ᾿5¨+ !* -΅µµ65∆Γ-* µ=
/5%!(/. ᾿56!΅᾿% (state standards), %··. * ῟(%∆.·=(% ᾿5¨+ !¨· !=·(/6 Θ52-!* 2 !¨· ῟(.῟(/¨
᾿%5%µΑ·=( ᾿=5(¨5(-µΑ·*. ,¨ Μ.5¨+ !*+ ·¨΄¨῟¨-῾%+ µ=!%!῾1=!%( %᾿6 !*· %!¨µ(/2 2 =!%(5(/2
=΅1:·* ᾿5¨+ !¨ /5.!¨+ Γ+ !=·(/6 ῟(%Θ=(5(-!2 /%( =΄΄΅*!2, ΄=΄¨·6+ ᾿¨΅ =·(-Θ:=( !* Τ΅1µ(-!(-
/2 -΅·¨Θ2 (regulatory coherence) %··. !%΅!6Θ5¨·% ΅᾿¨·¨µ=:=( !* ῟΅·%!6!*!% %·=;.5!*!¨΅
=·Α΄Θ¨΅ 2 ῟*µ6-(%+ ·¨΄¨῟¨-῾%+.

῭Α5%· !Γ· !5()· Μ%-(/)· %΅!)· ᾿΅·)·Γ·, /%!%΄5.∆¨·!%( ῟(=1·)+ /%( .··=+ -*µ%·!(/Α+
Τ΅1µ(-!(/Α+ ᾿5Γ!¨Λ¨΅·῾=+, 6᾿Γ+ !% (regulatory sandboxes) -= Θ)5=+ !¨΅ Ε5΄%·(-µ¨: Ε(/¨-
·¨µ(/2+ ῝΅·=5΄%-῾%+ /%( %·.᾿!΅;*+ (ΕΕ῝9), * ᾿5¨-᾿.1=(% =·%5µ6·(-*+ µΑ-Γ ῟(=1·)· ᾿5¨-
!:᾿Γ· (ISO/IEC, IEEE) /%( * -!%῟(%/2 =·-Γµ.!Γ-* /%!=΅1΅·!25(Γ· ΄5%µµ)· ῟=¨·!¨·¨΄῾%+
(ethical guidelines) /%( (-¨!(µ῾%+ (fairness) -!¨΅+ =1·(/¨:+ /)῟(/=+ ῟(/%-!(/2+ ῟=¨·!¨·¨΄῾%+
(judicial codes of conduct) /%( ῟(%/΅ΛΑ5·*-*+ ῟=῟¨µΑ·Γ· (data governance). Χ ᾿%΄/6-µ(%
=(/6·% !¨΅ Τ΅1µ(-!(/¨: !¨᾿῾¨΅ ΄(% !% LLMs ᾿%5%µΑ·=( /%!%/=5µ%!(-µΑ·* (fragmented) /%(
῟΅·%µ(/2, /%1)+ /.1= Θ)5% ᾿5¨-᾿%1=῾ ·% (-¨55¨᾿2-=( µ=!%;: ᾿5¨)1*-*+ !*+ /%(·¨!¨-
µ῾%+, ῟(%-∆.·(-*+ !Γ· ῟(/%(Γµ.!Γ· /%( =·῾-Θ΅-*+ !*+ Ο=-µ(/2+ ·¨µ(µ6!*!%+ (institutional
legitimacy).

9΅!6 !¨ =!=56/·*!¨ ᾿=5(Λ.··¨· ῟*µ(¨΅5΄=῾, %·%᾿6∆=΅/!%, ᾿5¨/·2-=(+ ΄(% !¨΅+ ᾿5¨-
΄5%µµ%!(-!Α+, !¨΅+ ¨5΄%·(-µ¨:+ /%( !¨΅+ !=·(/¨:+ Θ52-!=+ !Γ· LLMs -= ·¨µ(/. ᾿=5(Λ.··¨·!%[83].
3·) * 3΅5Γ᾿%Π/2 Ν3·Γ-* ΟΑ!=( !¨· ΅Κ*·6!=5¨ Ο=-µ(/6 ᾿2Θ* µ= !*· =/ !Γ· ᾿5¨!Α5Γ· Τ:1µ(-
-* (ex ante regulation), !*· Αµ∆%-* -!* ῟(%∆.·=(% (transparency) /%( !¨· -%∆2 =᾿(µ=5(-µ6
=΅1΅·)· (explicit liability allocation), ¨( Χ῭9 ΅(¨1=!¨:· µ(% ᾿=5(--6!=5¨ ᾿5%΄µ%!(-!(/2, =/
!Γ· ΅-!Α5Γ· (ex post) Η(·¨-¨∆῾%, ᾿5¨.΄¨·!%+ !*· !%Θ=῾% ΅(¨1Α!*-* /%(·¨!¨µ()·, %··. µ= µ=-
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5.2.3 Ρ·¨᾿¨῾*-* ῝΅µµ65∆Γ-*+ ΄(% ῭5¨΄5%µµ%!(-!Α+

΄%·:!=5¨΅+ /(·῟:·¨΅+ ΄(% ·¨µ(/2 %Λ=Λ%(6!*!% (legal uncertainty) /%( forum shopping[87].
9᾿6 !*· .··*, !¨ /(·=Σ(/6 µ¨·!Α·¨, ᾿%5. !* Η%(·¨µ=·(/. ΅Κ*·2 -΅µµ65∆Γ-* (compliance)
/%( !¨ %΅-!*56 %΅῟(!(·΄, Ο΅-(.Σ=( -΅Θ·. !*· %!¨µ(/2 ᾿5¨-!%-῾% /%( !¨· %·=;.5!*!¨ Α·=΄Θ¨
Θ.5(· !*+ /5%!(/2+ -΅·¨Θ2+ /%( %᾿¨!=·=-µ%!(/6!*!%+.

3· /%!%/·=῾῟(, * -:΄/5(-* !Γ· ῟(=1·)· Τ΅1µ(-!(/)· ᾿5¨-=΄΄῾-=Γ· %·%῟=(/·:=( 6!(, ᾿%-
Τ6!( * %·.΄/* ΄(% ·¨΄¨῟¨-῾% (accountability), ῟(%∆.·=(% (transparency) /%( !=Θ·(/2 -΅µ-
µ65∆Γ-* (compliance) -!% LLMs =῾·%( ᾿%΄/¨-µ῾Γ+ %·%΄·Γ5(-µΑ·*, ¨( ᾿5%/!(/Α+ ΅·¨᾿¨῾*-
-*+, ¨( ᾿5¨!=5%(6!*!=+ /%( !% µΑ-% =᾿῾!=΅;2+ !*+ ᾿¨(/῾··¨΅· ῟5%µ%!(/.. Χ ᾿%΄/6-µ(% !.-*
¨῟*΄=῾ -!%῟(%/. -= µ=΄%·:!=5* =·%5µ6·(-* µΑ-Γ Ο=-µ(/)· ᾿5¨!:᾿Γ· /%( !=Θ·¨·¨΄(/)·
=5΄%·=῾Γ· =·Α΄Θ¨΅ (auditing tools), Γ-!6-¨ ¨ ῟56µ¨+ ᾿5¨+ µ(% ᾿5%΄µ%!(/. =·¨᾿¨(*µΑ·*,
%-∆%·2 /%( ῟῾/%(* Τ:1µ(-* ᾿%5%µΑ·=( %·¨(/!6+, %᾿%(!)·!%+ ῟(=᾿(-!*µ¨·(/2 -΅·=5΄%-῾%
(interdisciplinary collaboration) /%( -΅·=Θ2 Ο=-µ(/2 /%(·¨!¨µ῾%.

5.2.3 =05¨5΅(΄( Β῝µµΜ%Π*΄(Κ .2· Φ%5.%·µµ·)2΄)6Κ

Χ ῟(%5/)+ %΅;%·6µ=·* ᾿¨·΅᾿·¨/6!*!% /%( ¨ /%!%/=5µ%!(-µ6+ !¨΅ ῟(=1·¨:+ Τ΅1µ(-!(-
/¨: ᾿·%(-῾¨΅ =᾿(Λ.··¨΅· -!¨΅+ ᾿5¨΄5%µµ%!(-!Α+ (developers) ᾿¨΅ ῟5%-!*5(¨᾿¨(¨:·!%( -!¨·
Θ)5¨ !*+ ·¨µ(/2+ !=Θ·*!2+ ·¨*µ¨-:·*+ ·% ΅(¨1=!2-¨΅· ῟¨µ*µΑ·=+ /%( ᾿¨·΅=᾿῾᾿=῟=+ -!5%-
!*΄(/Α+ -΅µµ65∆Γ-*+ (compliance strategies). Χ ΅·¨᾿¨῾*-* !*+ -΅µµ65∆Γ-*+ (compliance
implementation) ῟=· %᾿¨!=·=῾ ᾿·Α¨· µ῾% %᾿·2 ῟(%῟(/%-!(/2 %᾿%῾!*-*, %··. Ο=µ=·()῟* ᾿5¨-
Ι᾿61=-* ΄(% !*· =µ᾿¨5(/2 ῟(.1=-*, !*· %᾿¨῟¨Θ2 /%( !* Ο=-µ(/2 =·-Γµ.!Γ-* !Γ· µ=΄.·Γ·
΄·Γ--(/)· µ¨·!Α·Γ· (LLMs) /%( !Γ· -΅·%∆)· -΅-!*µ.!Γ· !=Θ·*!2+ ·¨*µ¨-:·*+ (AI) -!%
·¨µ(/. ¨(/¨-΅-!2µ%!% !*+ 3΅5)᾿*+ /%( ῟(=1·)+.

῝!¨ ᾿·%῾-(¨ !*+ 3΅5Γ᾿%Π/2+ Ν3·Γ-*+, * -΅µµ65∆Γ-* µ= !¨· EU AI Act -΅·(-!. ᾿¨-
·΅-:·1=!* ᾿56/·*-* ᾿¨΅ ῟(%!5ΑΘ=( 6·% !% -!.῟(% %·.᾿!΅;*+ /%( ΅·¨᾿¨῾*-*+ !Γ· ·¨µ(/)·
LLMs. 0%!. ᾿5)!¨ ·6΄¨, * =᾿(·¨΄2, -΅··¨΄2 /%( =᾿=;=5΄%-῾% !Γ· ῟=῟¨µΑ·Γ· =/᾿%῾῟=΅-
-*+ (training data selection, collection and processing) ΅᾿6/=(!%( -= %΅-!*5¨:+ /%·6·=+
!=/µ*5῾Γ-*+ (documentation) /%( =·Α΄;(µ6!*!%+ (auditability), /%1)+ ¨( ᾿5¨΄5%µµ%!(-!Α+
(developers) ΅᾿¨Θ5=¨:·!%( ·% %᾿¨῟=(/·:¨΅· !* ·¨µ(µ6!*!% !*+ ᾿*΄2+ !Γ· ῟=῟¨µΑ·Γ·, !*
-΅·.∆=(. !¨΅+ µ= !¨ ᾿=῟῾¨ =∆%5µ¨΄2+, /%1)+ /%( !* ·2Κ* =(῟(/)· µΑ!5Γ· ΄(% !*· %᾿¨∆΅-
΄2 µ=5¨·*Κ῾%+ (bias mitigation) /%( !*· ᾿5¨-!%-῾% !*+ (῟(Γ!(/6!*!%+ (privacy protection).
,¨ -!.῟(¨ !*+ =᾿(µΑ·=(%+ /%( ᾿5¨=᾿=;=5΄%-῾%+ !Γ· ῟=῟¨µΑ·Γ· (data curation and prepro-
cessing) %᾿¨/!. (῟(%῾!=5* Μ%5:!*!%, µ= !*· %·.΄/* =·-Γµ.!Γ-*+ !=Θ·¨·¨΄()· %·῾Θ·=΅-*+
/%( ῟(651Γ-*+ µ=5¨·*Κ῾%+ (bias detection and correction), =·) ᾿%5.··*·% =∆%5µ6Σ¨·!%(
%΅!¨µ%!¨᾿¨(*µΑ·% =5΄%·=῾% =·Α΄Θ¨΅ (auditing tools) ᾿¨΅ ῟(%-∆%·῾Σ¨΅· !¨· =·!¨᾿(-µ6 %-΅-
·=᾿=()· /%( !*· !25*-* ᾿·25¨΅+ (-!¨5(/¨: =᾿=;=5΄%-῾%+ (processing logs)[6][84].

0%!. !* Η.-* !¨΅ -Θ=῟(%-µ¨: /%( !*+ =/᾿%῾῟=΅-*+ (design and training) [82]!Γ· µ=-
΄.·Γ· ΄·Γ--(/)· µ¨·!Α·Γ·, ¨( ᾿5¨΄5%µµ%!(-!Α+ ¨∆=῾·¨΅· ·% =·-Γµ%!)·¨΅· µ*Θ%·(-µ¨:+
=;*΄*-(µ6!*!%+ (explainability) /%( ῟(%∆.·=(%+ =/ /%!%-/=΅2+ (transparency by design),
)-!= * ·=(!¨΅5΄῾% !¨΅ -΅-!2µ%!¨+ ·% ᾿%5%µΑ·=( =5µ*·=:-(µ* (interpretable) /%( =·Α΄;(µ*
!6-¨ %᾿6 !¨΅+ !=·(/¨:+ Θ52-!=+ 6-¨ /%( %᾿6 !(+ %5µ6῟(=+ =᾿¨᾿!(/Α+ %5ΘΑ+. Ε( ᾿5%/!(/Α+
%΅!Α+ ᾿=5(·%µΛ.·¨΅· !*· ΅·¨᾿¨῾*-* =᾿(᾿Α῟Γ· =5µ*·=΅-(µ6!*!%+ (interpretability layers),
!* ῟(%!25*-* %·%·΅!(/)· %5Θ=῾Γ· /%!%΄5%∆2+ (detailed operation logs) /%( !* ῟(%-∆.·(-
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0=∆.·%(¨ 5. Ψ΅1µ(-!(/6 /%( *1(/6 ᾿·%῾-(¨

-* ῟΅·%!6!*!%+ %·%῟5¨µ2+ (traceability) 6·Γ· !Γ· /5῾-(µΓ· %᾿¨∆.-=Γ· /%( %··%΄)· -!¨
pipeline !¨΅ -΅-!2µ%!¨+.

3᾿(᾿56-1=!%, ᾿5¨Λ·Α᾿=!%( * -΅-!*µ%!(/2 ῟(=·Α5΄=(% %;(¨·¨΄2-=Γ· /(·῟:·¨΅ /%( =᾿(-
᾿!)-=Γ· (risk and impact assessments), µ= Αµ∆%-* -= ῟¨/(µΑ+ ΄(% (-¨!(µ῾% (fairness),
%·1=/!(/6!*!% (robustness) /%( %·!῾-!%-* -= =᾿(1Α-=(+ (adversarial resilience), )-!= ·% ᾿=-
Τ(¨5῾Σ=!%( * ᾿(1%·6!*!% =µ∆.·(-*+ -΅-!*µ(/)· -∆%·µ.!Γ· 2 %/¨:-(Γ· ᾿%5%Λ(.-=Γ· Ο=µ=-
·(Γ῟)· ῟(/%(Γµ.!Γ·.

0%1’ 6·* !* ῟(.5/=(% !*+ =µ᾿¨5(/2+ ῟(.1=-*+ /%( ·=(!¨΅5΄῾%+ !¨΅ -΅-!2µ%!¨+, * -΅µ-
µ65∆Γ-* µ= !(+ Τ΅1µ(-!(/Α+ %᾿%(!2-=(+ (regulatory requirements) ᾿5¨Ι᾿¨1Α!=( -΅·=Θ2 ᾿%-
Τ%/¨·¨:1*-* !*+ %᾿6῟¨-*+ !¨΅ LLM (performance monitoring), -΅··¨΄2 %·%!5¨∆¨῟6!*-*+
(user feedback) %᾿6 !¨΅+ !=·(/¨:+ Θ52-!=+, /%1)+ /%( .µ=-* %·%∆¨5. /.1= ᾿=5(-!%!(/¨:
᾿5¨/%!.·*Κ*+ (bias), ῟΅-·=(!¨΅5΄῾%+ (malfunction) 2 µ* -΅µµ65∆Γ-*+ (non-compliance)
᾿5¨+ !(+ %5µ6῟(=+ %5ΘΑ+. Ε( ΅᾿=:1΅·¨( %·.᾿!΅;*+ (developers) ¨∆=῾·¨΅· ·% ῟(%!*5¨:· %΅-
!¨µ%!¨᾿¨(*µΑ·¨΅+ µ*Θ%·(-µ¨:+ =·Α΄Θ¨΅ (automated auditing mechanisms), ῟΅·%!6!*!=+
=᾿%·%∆¨5.+ (rollback) /%( %·.·΅-*+ ᾿=5(-!%!(/)· (forensic analysis), /%1)+ /%( ¨5΄%·Γ!(-
/Α+ ῟¨µΑ+ ᾿¨΅ =᾿(!5Α᾿¨΅· !* -΅·=Θ2 %·%Λ.1µ(-* !Γ· ῟(%῟(/%-()· -΅µµ65∆Γ-*+, Μ.-=( !Γ·
=᾿(/%(5¨᾿¨(2-=Γ· !¨΅ Τ΅1µ(-!(/¨: ᾿·%(-῾¨΅ (regulatory updates) /%( !Γ· =΅5*µ.!Γ· =-Γ-
!=5(/)· 2 =;Γ!=5(/)· =·Α΄ΘΓ·. Χ ·=(!¨΅5΄῾% ᾿¨·΅=᾿(-!*µ¨·(/)· ¨µ.῟Γ· (multidisciplinary
teams) ᾿¨΅ -΅·῟΅.Σ¨΅· ·¨µ(/2, !=Θ·(/2 /%( ῟=¨·!¨·¨΄(/2 !=Θ·¨΄·Γ-῾% (legal, technical and
ethical expertise) =῾·%( %·%΄/%῾% ΄(% !*· ¨512 =5µ*·=῾% !Γ· /%·¨·(-!(/)· %᾿%(!2-=Γ· /%(
!*· %᾿¨!=·=-µ%!(/2 =·-Γµ.!Γ-2 !¨΅+ -!(+ ῟(%῟(/%-῾=+ %·.᾿!΅;*+ /%( ῟(.1=-*+ -΅-!*µ.!Γ·
!=Θ·*!2+ ·¨*µ¨-:·*+.

῝!(+ Χ῭9, %· /%( %᾿¨΅-(.Σ=( Α·% =·(%῾¨, ῟=-µ=΅!(/6 ᾿·%῾-(¨ %·!῾-!¨(Θ¨ !¨΅ AI Act, * %-
·.΄/* ΄(% -΅µµ65∆Γ-* ῟=· =῾·%( ·(΄6!=5¨ =᾿(!%/!(/2, ·6΄Γ !*+ %΅;%·6µ=·*+ ᾿῾=-*+ %᾿6 !%
῟(/%-!25(%, !(+ =᾿%΄΄=·µ%!(/Α+ =·)-=(+ /%( !¨΅+ ῾῟(¨΅+ !¨΅+ ᾿=·.!=+. Ε( ᾿5¨΄5%µµ%!(-!Α+
(developers) ΅᾿¨Θ5=)·¨·!%( ·% ῟(%-∆%·῾Σ¨΅· !* ῟(%∆.·=(% (transparency) !Γ· -΅-!*µ.!Γ·
!¨΅+, ·% ΅(¨1=!¨:· ΜΑ·!(-!=+ ᾿5%/!(/Α+ %΅!¨55:1µ(-*+ (self-regulation) /%( ·% ᾿5¨=!¨(µ.Σ¨-
·!%( ΄(% =·῟=Θ6µ=·* ·¨΄¨῟¨-῾% (accountability) -!¨ ᾿·%῾-(¨ %-!(/)· %΄Γ΄)·, -΅··¨΄(/)·
᾿5¨-∆΅΄)· (class actions) 2 Τ΅1µ(-!(/)· =·Α΄ΘΓ· (regulatory audits) µ=!. %᾿6 /%!%΄΄=·῾=+
΄(% µ=5¨·*Κ῾% (bias) 2 %῟(%∆.·=(% (opacity)[85][83]. ῝!*· ᾿5.;*, %΅!6 µ=!%∆5.Σ=!%( -!*·
΅(¨1Α!*-* ῟(%῟(/%-()· =·Α΄Θ¨΅ (auditing procedures), !* Θ52-* %·=;.5!*!Γ· %;(¨·¨΄2-=-
Γ· (-¨!(µ῾%+ /%( %·1=/!(/6!*!%+ (independent fairness and robustness assessments), /%(
!*· %·.᾿!΅;* =5΄%·=῾Γ· ΄(% !*· ᾿%5%΄Γ΄2 %5Θ=῾Γ· =·Α΄Θ¨΅ (audit logs) ᾿¨΅ µ᾿¨5¨:· ·%
%;(¨᾿¨(*1¨:· -= ῟(%῟(/%-῾=+ %·.·΅-*+ ᾿=5(-!%!(/)· (forensic analysis).

,¨ /(·=Σ(/6 µ¨·!Α·¨, !Α·¨+, %᾿%(!=῾ %᾿6 !¨΅+ ᾿5¨΄5%µµ%!(-!Α+ -΅µµ65∆Γ-* ᾿5Γ!῾-!Γ+
µ= !% /5%!(/. ᾿56!΅᾿% (state standards), !*· ΅·¨᾿¨῾*-* ῟(%῟(/%-()· /5%!(/¨: =·Α΄Θ¨΅
(government auditing) /%( !*· ᾿%5¨Θ2 ῟(%5/¨:+ !=/µ*5῾Γ-*+ (continuous documentation)
᾿¨΅ ·% %᾿¨῟=(/·:=( !* -΅µµ65∆Γ-* µ= !¨΅+ /=·!5(/¨:+ /%·6·=+ ·¨΄¨῟¨-῾%+ (accountability)
/%( %·(Θ·=΅-(µ6!*!%+ (traceability). Χ Αµ∆%-* ῟῾·=!%( /΅5῾Γ+ -!* ῟(%∆.·=(% (transparency)
᾿5¨+ !¨ /5.!¨+ /%( 6Θ( %᾿%5%῾!*!% ᾿5¨+ !¨· !=·(/6 Θ52-!* 2 !¨· ᾿¨·῾!*, ΄=΄¨·6+ ᾿¨΅
῟(%µ¨5∆)·=( ῟(%∆¨5=!(/Α+ !=Θ·(/Α+ /%( ¨5΄%·Γ!(/Α+ ᾿5%/!(/Α+ ΅·¨᾿¨῾*-*+ -΅µµ65∆Γ-*+.

῝΅·¨·(/., * =᾿(!΅Θ2+ ΅·¨᾿¨῾*-* !*+ -΅µµ65∆Γ-*+ %᾿6 !*· ᾿·=΅5. !Γ· ᾿5¨΄5%µµ%-
!(-!)· (developers) -!¨· Θ)5¨ !Γ· ·¨µ(/)· LLMs =;%5!.!%( %᾿6 !* Μ%1(. /%!%·6*-* !6-¨
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5.3 Χ1(/Α+ ῭%5%µΑ!5¨΅+

!Γ· !=Θ·(/)· ᾿5¨/·2-=Γ· !*+ !=Θ·*!2+ ·¨*µ¨-:·*+ 6-¨ /%( !Γ· -:·1=!Γ· %᾿%(!2-=Γ· ᾿¨΅
ΟΑ!¨΅· !% =1·(/. /%( ΅᾿=5=1·(/. Τ΅1µ(-!(/. ᾿·%῾-(% (national and supranational regula-
tory frameworks). Χ ᾿5¨·*᾿!(/2 =·-Γµ.!Γ-* !*+ -΅µµ65∆Γ-*+ -!¨ -Θ=῟(%-µ6 (compliance
by design), * -΅·=Θ2+ ᾿%5%/¨·¨:1*-* !Γ· ῟(=1·)· =;=·῾;=Γ· /%( * ῟(%!25*-* =΅Α·(/!Γ· =-
-Γ!=5(/)· ᾿¨·(!(/)· =·Α΄Θ¨΅ (internal auditing policies) /%( ῟(%Θ=῾5(-*+ /(·῟:·Γ· (risk
management) %᾿¨!=·¨:· !¨ Μ%-(/6 ΅᾿6Λ%15¨ ΄(% !*· =᾿(!΅Θ*µΑ·*, %-∆%·2 /%( /¨(·Γ·(/.
%᾿¨῟=/!2 ῟(.1=-* ·¨µ(/)· -΅-!*µ.!Γ· !=Θ·*!2+ ·¨*µ¨-:·*+ -!*· %΄¨5..

5.3 ∆Ο236Κ Φ·%·µ6)%5῝Κ

Χ Τ%΄῟%῾% ῟(=῾-῟΅-* !Γ· µ=΄.·Γ· ΄·Γ--(/)· µ¨·!Α·Γ· /%( !Γ· ᾿5¨*΄µΑ·Γ· -΅-!*µ.!Γ·
!=Θ·*!2+ ·¨*µ¨-:·*+ -!¨ ·¨µ(/6 ¨(/¨-:-!*µ% ΟΑ!=( -!¨ ᾿5¨-/2·(¨ /5῾-(µ% *1(/. =5Γ!2µ%-
!% ᾿¨΅ ΅᾿=5Λ%῾·¨΅· !¨ -!=·6 ᾿=῟῾¨ !*+ ·¨µ(/2+ -΅µµ65∆Γ-*+. Χ ῟΅·%µ(/2 ·=(!¨΅5΄῾% !Γ·
LLMs, * %΅!¨·¨µ῾% -!* ·2Κ* %᾿¨∆.-=Γ· /%( * -΅Θ·. µ%:5* Η:-* !Γ· %·΄¨5(1µ(/)· ῟(%-
῟(/%-()·, ῟*µ(¨΅5΄¨:· ·Α% *1(/. ῟(·2µµ%!% ᾿¨΅ %∆¨5¨:· !6-¨ !*· ¨΅-῾% !*+ ῟(/%(¨-:·*+
6-¨ /%( !* ῟(%-∆.·(-* !Γ· Ο=µ=·(Γ῟)· %;()· !*+ /¨(·Γ·῾%+. Ε( Μ%-(/Α+ %΅!Α+ ῟(%-!.-=(+
%∆¨5¨:· !¨· µ=!5(%-µ6 !*+ %·΄¨5(1µ(/2+ µ=5¨·*Κ῾%+ (bias mitigation), !*· ᾿5¨-!%-῾% !*+
(῟(Γ!(/6!*!%+, !*· %5Θ2 !*+ (-6!*!%+ ᾿56-Λ%-*+, /%1)+ /%( !% ᾿¨·(!(-µ(/. /%( /¨(·Γ·(/.
Υ*!2µ%!% ᾿¨΅ =΄=῾5¨·!%( µ= !* Θ52-* -΅-!*µ.!Γ· ,Φ -!* ῟(/%(¨-:·*[88][89]

,% LLMs, ·6΄Γ !*+ =/᾿%῾῟=΅-2+ !¨΅+ -= !=5.-!(¨΅+ 6΄/¨΅+ ῟=῟¨µΑ·Γ· ᾿¨΅ ᾿5¨Α5Θ¨·!%(
%᾿6 =!=5¨΄=·=῾+ ᾿*΄Α+, =῾·%( =΅.·Γ!% -!*· =µ∆.·(-* /%( =·῾-Θ΅-* -΅-!*µ%!(/)· µ¨5∆)·
᾿5¨/%!%·2Κ=Γ· bias. Χ µ=5¨·*Κ῾% µ᾿¨5=῾ ·% ΑΘ=( ᾿¨··Α+ µ¨5∆Α+, %᾿6 !*· =·῾-Θ΅-* -!=-
Τ=¨!:᾿Γ· -!¨ output !¨΅ -΅-!2µ%!¨+, ΑΓ+ !*· .·(-* µ=!%Θ=῾5(-* /¨(·Γ·(/)· ¨µ.῟Γ· 2 !*
-΅-!*µ%!(/2 ΅᾿¨=/᾿5¨-)᾿*-* -΅΄/=/5(µΑ·Γ· /%!*΄¨5()· ῟=῟¨µΑ·Γ· /%!. !*· =/᾿%῾῟=΅-
-*. 4=·Α!=+ ῟=῾Θ·¨΅· 6!( !% LLMs µ᾿¨5=῾ ·% =·-Γµ%!)·¨΅· ᾿5¨/%!%·2Κ=(+ ᾿¨΅ ΅᾿.5Θ¨΅·
-!% ῟=῟¨µΑ·% =/᾿%῾῟=΅-*+, %·%᾿%5.΄¨·!%+ Α!-( (-!¨5(/Α+ %·(-6!*!=+ /%( -= ¨5(-µΑ·=+ ᾿=-
Τ(᾿!)-=(+, ¨῟*΄)·!%+ -= =-∆%·µΑ·=+ 2 .῟(/=+ %·΄¨5(1µ(/Α+ -΅-!.-=(+ ᾿¨΅ ῟:·%·!%( ·%
=᾿*5=.-¨΅· !* ῟(/%-!(/2 /5῾-* 2 !*· Α/Λ%-* ΅᾿¨1Α-=Γ· [90], [91]. Χ ῟(%Θ=῾5(-* !*+ %·-
΄¨5(1µ(/2+ µ=5¨·*Κ῾%+ %᾿¨!=·=῾ Α!-( /=·!5(/6 Υ2!*µ% *1(/2+ =΅1:·*+ ΄(% !¨΅+ developers
/%( !¨΅+ Η¨5=῾+ ΅·¨᾿¨῾*-*+ !Α!¨(Γ· -΅-!*µ.!Γ·, /%1)+ * %῟΅·%µ῾% =·Α΄Θ¨΅ !Γ· ᾿5¨/%!%-
·2Κ=Γ· µ᾿¨5=῾ ·% ¨῟*΄2-=( -= ᾿%5%Λ῾%-* !*+ %5Θ2+ !*+ (-6!*!%+ =·)᾿(¨· !¨΅ ·6µ¨΅ /%(
!*+ %µ=5¨·*Κ῾%+ !*+ ῟(/%(¨-:·*+.

῭%5.··*·%, !¨ Υ2!*µ% !*+ (῟(Γ!(/6!*!%+ %·%῟=(/·:=!%( Γ+ =;%(5=!(/. -:·1=!¨ -!*· =᾿¨-
Θ2 !*+ ·¨µ(/2+ !=Θ·*!2+ ·¨*µ¨-:·*+. ,% LLMs, /%!. !*· =/᾿%῾῟=΅-* /%( ·=(!¨΅5΄῾% !¨΅+,
=·῟ΑΘ=!%( ·% =᾿=;=5΄.Σ¨·!%( 2 %/6µ* /%( ·% %᾿¨1*/=:¨΅· ᾿5¨-Γ᾿(/. ῟=῟¨µΑ·%, =΅%῾-1*-
!=+ ᾿·*5¨∆¨5῾=+ 2 ·¨µ(/. ᾿5¨-!%!=΅6µ=·% -!¨(Θ=῾%, ῟*µ(¨΅5΄)·!%+ %΅;*µΑ·¨΅+ /(·῟:·¨΅+
᾿%5%Λ῾%-*+ !*+ (῟(Γ!(/6!*!%+ /%( %᾿)·=(%+ !¨΅ =·Α΄Θ¨΅ =᾿῾ !Γ· ῟=῟¨µΑ·Γ·. Χ ·2Κ* =-
᾿%5/)· !=Θ·(/)· /%( ¨5΄%·Γ!(/)· µΑ!5Γ· ΄(% !*· %·Γ·΅µ¨᾿¨῾*-*, !*· %-∆%·2 ῟(%Θ=῾5(-*
/%( !*· ᾿5¨-!%-῾% !Γ· ῟=῟¨µΑ·Γ· %᾿¨!=·=῾ *1(/6 /%( ·¨µ(/6 Υ*!¨:µ=·¨ ᾿5)!*+ ΄5%µµ2+,
/%1)+ * %᾿¨!΅Θ῾% ῟(%-∆.·(-*+ !*+ (῟(Γ!(/6!*!%+ ῟:·%!%( ·% ΅᾿¨·¨µ=:-=( !*· /¨(·Γ·(/2
=µ᾿(-!¨-:·* -!* Θ52-* !*+ !=Θ·*!2+ ·¨*µ¨-:·*+ -!¨ ῟(/%-!(/6 ᾿=5(Λ.··¨·.[89][92]

Ν3·% %/6µ* -*µ%·!(/6 *1(/6 Υ2!*µ% %᾿¨!=·=῾ * ῟(%-∆.·(-* !*+ ῟῾/%(*+ ᾿56-Λ%-*+ /%(
!*+ µ* %᾿¨/·=(-!(/6!*!%+ -!* Θ52-* !Γ· LLMs -!¨ ῟(/%-!(/6 -:-!*µ%[89]. Ε /῾·῟΅·¨+ ῟*-
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0=∆.·%(¨ 5. Ψ΅1µ(-!(/6 /%( *1(/6 ᾿·%῾-(¨

µ(¨΅5΄῾%+ =·6+ Ν!=Θ·¨·¨΄(/¨: Θ.-µ%!¨+Ν (digital divide) µ=!%;: ῟(%∆¨5=!(/)· /¨(·Γ·(/)· 2
΄=Γ΄5%∆(/)· ¨µ.῟Γ·, =῾!= ·6΄Γ %·(-¨/%!%·¨µ2+ !Γ· ΅᾿¨῟¨µ)· =῾!= ·6΄Γ Α··=(Κ*+ !=Θ·(/2+
/%!.5!(-*+, µ᾿¨5=῾ ·% =·!=῾·=( !(+ 2῟* ΅᾿.5Θ¨΅-=+ /¨(·Γ·(/Α+ %·(-6!*!=+. Χ *1(/2 =΅1:·*
!Γ· developers /%( !Γ· Η¨5ΑΓ· ·2Κ*+ %᾿¨∆.-=Γ· =᾿=/!=῾·=!%( =᾿¨µΑ·Γ+ /%( -!* -Θ=῟῾%-
-* -΅-!*µ.!Γ· ᾿¨΅ ᾿5¨.΄¨΅· !*· /%1¨·(/2 ᾿5¨-Λ%-(µ6!*!% (universal accessibility), !*
΄·Γ--(/2 /%( ᾿¨·(!(-µ(/2 -΅µ᾿=5῾·*Κ* (linguistic and cultural inclusion) /%( !¨· -=Λ%-µ6
!*+ ῟(%∆¨5=!(/6!*!%+.[93][91]

,Α·¨+, * %·.᾿!΅;* /%( ·=(!¨΅5΄῾% !Γ· LLMs -!¨ ·¨µ(/6 ᾿=῟῾¨ -΅·῟Α=!%( µ= !* ΄=·(/6!=5*
/¨(·Γ·(/2 =΅1:·* ΄(% ᾿56Λ·=Κ*, ᾿56·*Κ* /%( %·!(µ=!)᾿(-* !Γ· %/¨:-(Γ· -΅·=᾿=()· ᾿¨΅
µ᾿¨5=῾ ·% ᾿5¨/:Κ¨΅· %᾿6 !* µ%Σ(/2 %·΄¨5(1µ(/2 ·2Κ* %᾿¨∆.-=Γ·. Ε( ᾿5%/!(/Α+ %;(¨-
·6΄*-*+ /%( =·Α΄Θ¨΅ auditing, * =·-Γµ.!Γ-* µ*Θ%·(-µ)· ᾿%5%/¨·¨:1*-*+ (monitoring)
/%( * -΅·=Θ2+ %;(¨·6΄*-* !Γ· -΅-!*µ.!Γ· %᾿¨!=·¨:· ¨΅-()῟* =5΄%·=῾% *1(/2+ ῟(%/΅ΛΑ5-
·*-*+ (ethical governance). Ε( ᾿5¨/·2-=(+ ᾿¨΅ %∆¨5¨:· !* Νµ%:5*Ν Η:-* !Γ· LLMs, !*·
%῟΅·%µ῾% ᾿·25¨΅+ =;*΄2-(µ*+ ·2Κ*+ %᾿¨∆.-=Γ· (explainable decision-making) /%( !¨·
/῾·῟΅·¨ %/¨:-(Γ· -∆%·µ.!Γ· 2 ᾿%5%(-12-=Γ· (hallucinations), /%1(-!¨:· =᾿(!%/!(/2 !*
῟(%5/2 =΄52΄¨5-* /%( !* ῟(=᾿(-!*µ¨·(/2 -΅·=5΄%-῾% (interdisciplinary collaboration) 6·Γ·
!Γ· =µ᾿·=/¨µΑ·Γ· Η¨5ΑΓ·.

5.3.1 Σ-Λ+236Κ ,-)%2·΄µ5Χ 80.5%2Οµ234+ Φ%53·)·0ΝΙ-*+

Χ %·΄¨5(1µ(/2 µ=5¨·*Κ῾% (algorithmic bias) %᾿¨!=·=῾ ῾-Γ+ !¨· -*µ%·!(/6!=5¨ *1(/6
/%( !=Θ·(/6 /῾·῟΅·¨ ΄(% !% -΅-!2µ%!% ·¨µ(/2+ !=Θ·*!2+ ·¨*µ¨-:·*+, /%1)+ * %·=᾿%5/2+
῟(%Θ=῾5(-2 !*+ µ᾿¨5=῾ ·% ¨῟*΄2-=( -= -΅-!*µ(/Α+ %·(-6!*!=+, %῟(/῾=+ /%( %µ∆(-Λ2!*-*
!*+ Ο=-µ(/2+ ·¨µ(µ6!*!%+ !Γ· %᾿¨!=·=-µ.!Γ· !Γ· LLMs. Ε( ᾿*΄Α+ µ=5¨·*Κ῾%+ -!% LLMs
=῾·%( ᾿¨·΅᾿%5%΄¨·!(/Α+ /%( ;=/(·¨:· 2῟* %᾿6 !¨ -!.῟(¨ !*+ =᾿(·¨΄2+ /%( ᾿5¨=!¨(µ%-῾%+
!Γ· ῟=῟¨µΑ·Γ· =/᾿%῾῟=΅-*+, -΅·=Θ῾Σ¨·!%( -!*· %5Θ(!=/!¨·(/2 /%( !(+ ᾿%5%µ=!5(/Α+ =᾿(·¨΄Α+
!¨΅ µ¨·!Α·¨΅, /%( =/!=῾·¨·!%( Γ+ !* Η.-* Θ52-*+ /%( %··*·=᾿῾῟5%-*+ µ= !¨ %·15)᾿(·¨
᾿=5(Λ.··¨·.[91]

Χ =·-Γµ.!Γ-* !=Θ·(/)· µ=!5(%-µ¨: !*+ µ=5¨·*Κ῾%+ %᾿¨!=·=῾ %᾿%5%῾!*!¨ =5΄%·=῾¨ ΄(%
/.1= ᾿5¨΄5%µµ%!(-!2 ᾿¨΅ -!¨Θ=:=( -= %;(6᾿(-!=+, %µ=56·*᾿!=+ /%( /¨(·Γ·(/. %᾿¨῟=/!Α+
·¨µ(/Α+ =∆%5µ¨΄Α+ AI. Ε( !=Θ·(/Α+ %΅!Α+ µ᾿¨5¨:· ·% !%;(·¨µ*1¨:· -= !5=(+ Μ%-(/Α+ /%-
!*΄¨5῾=+ : !=Θ·(/Α+ ᾿5¨-=᾿=;=5΄%-῾%+ ῟=῟¨µΑ·Γ· (pre-processing), !=Θ·(/Α+ =·῟¨-µ¨·!Α·¨΅
(in-processing) /%( !=Θ·(/Α+ µ=!.-=᾿=;=5΄%-῾%+ %᾿¨!=·=-µ.!Γ· (post-processing).

῝!¨ -!.῟(¨ !*+ ᾿5¨-=᾿=;=5΄%-῾%+[88], Αµ∆%-* ῟῾·=!%( -!*· %·%·΅!(/2 ῟(=5=:·*-* !Γ·
῟=῟¨µΑ·Γ· =/᾿%῾῟=΅-*+ µ= -/¨᾿6 !*· !%΅!¨᾿¨῾*-* /%( %᾿¨µ./5΅·-* ᾿5¨/%!%·2Κ=Γ·, !*·
=·῾-Θ΅-* !*+ =/᾿5¨-)᾿*-*+ µ=(¨·¨!(/)· ¨µ.῟Γ· /%( !* Θ52-* !=Θ·(/)· data balancing 2
data augmentation. 3᾿(᾿·Α¨·, =∆%5µ6Σ¨·!%( =5΄%·=῾% %·῾Θ·=΅-*+ -΅-!*µ%!(/)· %᾿¨/·῾-=-
Γ· (bias detection metrics) /%1)+ /%( !=Θ·(/Α+ anonymization /%( de-biasing !Γ· =(-5¨)·,
)-!= ·% ᾿=5(¨5(-!=῾ * =῾-¨῟¨+ -΅-!*µ(/)· -!5=Λ·)-=Γ· -!¨ µ¨·!Α·¨[88],[90].

0%!. !*· =/᾿%῾῟=΅-* /%( !* Μ=·!(-!¨᾿¨῾*-* !Γ· LLMs, %;(¨᾿¨(¨:·!%( !=Θ·(/Α+ in-
processing, 6᾿Γ+ * =·-Γµ.!Γ-* fairness constraints -!¨΅+ %·΄¨5῾1µ¨΅+ µ.1*-*+, * Θ52-*
adversarial training ΄(% !¨· =·!¨᾿(-µ6 /%( !* ῟(651Γ-* bias, /%1)+ /%( * %·.᾿!΅;* =;=(῟(-
/=΅µΑ·Γ· loss functions ᾿¨΅ =᾿(Λ5%Λ=:¨΅· !*· %µ=5¨·*Κ῾% /%( !(µΓ5¨:· !(+ -΅-!*µ%!(/Α+
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5.3.2 ῭5¨-!%-῾% !*+ 8῟(Γ!(/6!*!%+ -!* Φ¨µ(/2 ,Φ

%᾿¨/·῾-=(+ -!(+ ᾿5¨Λ·ΑΚ=(+ !¨΅ µ¨·!Α·¨΅. Χ -:΄Θ5¨·* Α5=΅·% ᾿5¨!=῾·=( =᾿῾-*+ !*· =·-
-Γµ.!Γ-* regularization terms ᾿¨΅ ·=(!¨΅5΄¨:· Γ+ Η5%΄µ¨῾ -!*· =·῾-Θ΅-* ΅᾿%5Θ6·!Γ·
-!=5=¨!:᾿Γ·, =·) !=Θ·(/Α+ 6᾿Γ+ ¨( µ=!5(/Α+ %µ=5¨·*Κ῾%+ fairness-aware embeddings /%(
* =·-Γµ.!Γ-* Μ%1µ¨·¨µ*µΑ·Γ· =᾿(᾿Α῟Γ· =;6῟Γ· (calibrated output layers) =·(-Θ:¨΅· !*
-!%1=56!*!% !¨΅ -΅-!2µ%!¨+ Α·%·!( ᾿5¨/%!%·2Κ=Γ·[88],[91].

῝!¨ !=·(/6 -!.῟(¨ ᾿%5%΄Γ΄2+ !Γ· %᾿¨!=·=-µ.!Γ·, =∆%5µ6Σ¨·!%( !=Θ·(/Α+ post-processing
᾿¨΅ =-!(.Σ¨΅· -!¨· =·!¨᾿(-µ6 /%( !* ῟(651Γ-* ᾿5¨/%!%·2Κ=Γ· -!% %᾿¨!=·Α-µ%!% outputs.
Ε( µΑ1¨῟¨( %΅!¨῾ ᾿=5(·%µΛ.·¨΅· !*· %΅!6µ%!* %·%΄·)5(-* µ=5¨·*᾿!(/)· ᾿5¨!:᾿Γ· -!*·
Α;¨῟¨ !¨΅ µ¨·!Α·¨΅, !*· %·%᾿5¨-%5µ¨΄2 !Γ· !=·(/)· ᾿5¨Λ·ΑΚ=Γ· Μ.-=( µ=!5(/)· ῟(/%(¨-
-:·*+ (fairness metrics) /%( !*· %;(¨᾿¨῾*-* =;Γ!=5(/)· =·¨!2!Γ· =·Α΄ΘΓ· auditing modules
᾿¨΅ =᾿(!5Α᾿¨΅· !* ῟΅·%µ(/2 %·%!5¨∆¨῟6!*-* !¨΅ -΅-!2µ%!¨+ µ= ᾿5%΄µ%!(/. ῟=῟¨µΑ·%
Θ52-*+. Ε( ᾿5%/!(/Α+ %΅!Α+ -΅·¨῟=:¨·!%( -΅Θ·. %᾿6 -΅µµ=!¨Θ2 %·15)᾿(·¨΅ ᾿%5.΄¨·!%
(human-in-the-loop auditing), =·(-Θ:¨·!%+ !* ῟΅·%!6!*!% %·῾Θ·=΅-*+ %·=᾿(1:µ*!Γ· %᾿¨-
/·῾-=Γ· /%( =᾿(!5Α᾿¨·!%+ !*· .µ=-* ᾿%5ΑµΛ%-* -= ᾿=5(᾿!)-=(+ %᾿¨!΅Θ῾%+[85],[91].

Χ %᾿¨!=·=-µ%!(/6!*!% !Γ· !=Θ·(/)· µ=!5(%-µ¨: µ=5¨·*Κ῾%+ =;%5!.!%( -= µ=΄.·¨ Μ%1µ6
%᾿6 !* -΅-!*µ%!(/2 =∆%5µ¨΄2 ¨·¨/·*5ΓµΑ·Γ· µ=!5(/)· %;(¨·6΄*-*+, 6᾿Γ+ ¨( ῟῾/!=+ .·(-*+
=᾿῾᾿!Γ-*+ (disparate impact ratios), * ῟*µ¨΄5%∆(/2 (-6!*!%( demographic parity), ¨( =;Γ-
-(µΑ·=+ ᾿(1%·6!*!=+ (equalized odds) /%( ¨( /%µ᾿:·=+ Μ%1µ¨·6µ*-*+ calibration curves.
Χ ῟(%5/2+ ᾿%5%/¨·¨:1*-* !*+ -΅µ᾿=5(∆¨5.+ !¨΅ LLM -= ῟(%∆¨5=!(/. ΅᾿¨-:·¨·% ῟=῟¨-
µΑ·Γ· /%( * Θ52-* ᾿5%΄µ%!(/)· -*µ=῾Γ· %·%∆¨5.+ (real-world benchmarks) %᾿¨!=·¨:·
᾿5¨Ι᾿¨1Α-=(+ ΄(% !* ῟(%-∆.·(-* !*+ -΅·=Θ¨:+ %µ=5¨·*Κ῾%+ !¨΅ -΅-!2µ%!¨+ -= ᾿5%΄µ%!(-
/Α+ ·¨µ(/Α+ -΅·12/=+[90],[92].

9·%µ∆῾Λ¨·%, * ῟(%Θ=῾5(-* !*+ %·΄¨5(1µ(/2+ µ=5¨·*Κ῾%+ ῟=· %᾿¨!=·=῾ -!%!(/6 Υ2!*µ%,
%··. ῟(%5/2 *1(/2 /%( !=Θ·(/2 ᾿56/·*-* ᾿¨΅ %᾿%(!=῾ -΅·῟΅%-µ6 =;=(῟(/=΅µΑ·Γ· =5΄%·=῾Γ·,
¨5΄%·Γ!(/)· ᾿¨·(!(/)· /%( ῟(=᾿(-!*µ¨·(/2+ -΅·=5΄%-῾%+. 46·¨ µΑ-% %᾿6 !* -΅·=Θ2 /%(
=·=5΄*!(/2 =·%-Θ6·*-* !Γ· ᾿5¨΄5%µµ%!(-!)·, !Γ· ·¨µ(/)· /%( !Γ· %·=;.5!*!Γ· Η¨5ΑΓ·
%;(¨·6΄*-*+ µ᾿¨5=῾ ·% ῟(%-∆%·(-!=῾ 6!( !% LLMs ᾿¨΅ =·-Γµ%!)·¨·!%( -!¨ ῟(/%-!(/6 /%(
·¨µ(/6 ¨(/¨-:-!*µ% ·=(!¨΅5΄¨:· Γ+ ᾿¨··%᾿·%-(%-!Α+ ῟(/%(¨-:·*+ /%( 6Θ( Γ+ =·(-Θ΅!Α+
/¨(·Γ·(/)· %·(-¨!2!Γ·.

5.3.2 Φ%5΄)·΄΅· )(Κ ;῭2*)23Μ)()·Κ ΄)( ᾿5µ23Ν Σ᾿

Χ (῟(Γ!(/6!*!% -΅·(-!. µ῾% %᾿6 !(+ ᾿(¨ -:·1=!=+ /%( /5῾-(µ=+ ᾿5¨/·2-=(+ -!¨· -Θ=῟(%-µ6
/%( !*· ΅·¨᾿¨῾*-* µ=΄.·Γ· ΄·Γ--(/)· µ¨·!Α·Γ· ΄(% !¨· ·¨µ(/6 !¨µΑ%. ,% LLMs, ·6΄Γ !¨΅
µ=΄.·¨΅ 6΄/¨΅ /%( !*+ Η:-*+ !Γ· ῟=῟¨µΑ·Γ· µ= !% ¨᾿¨῾% =/᾿%(῟=:¨·!%(, -΅Θ·. Α5Θ¨·!%(
-= =᾿%∆2 µ= ᾿5¨-Γ᾿(/. /%( =΅%῾-1*!% ·¨µ(/. ῟=῟¨µΑ·%, ΄=΄¨·6+ ᾿¨΅ =΄=῾5=( -*µ%·!(/.
Υ*!2µ%!% !6-¨ Γ+ ᾿5¨+ !*· ᾿5¨-!%-῾% !Γ· ᾿·*5¨∆¨5()· !Γ· ΅᾿¨/=(µΑ·Γ· 6-¨ /%( Γ+ ᾿5¨+
!*· %-∆.·=(% !Γ· ῾῟(Γ· !Γ· ῟(%῟(/%-()· %᾿¨·¨µ2+ ῟(/%(¨-:·*+. ΝΕ᾿Γ+ %·%῟=(/·:=!%( /%(
-!* -Θ=!(/2 Μ(Λ·(¨΄5%∆῾%[89] * %·.΄/* ΄(% =·-Γµ.!Γ-* (-Θ΅5)· µ*Θ%·(-µ)· ᾿5¨-!%-῾%+
!*+ (῟(Γ!(/6!*!%+ =῾·%( ᾿·Α¨· =᾿(!%/!(/2 -= /.1= -!.῟(¨ %·.᾿!΅;*+ /%( =∆%5µ¨΄2+ ·¨µ(/)·
-΅-!*µ.!Γ· !=Θ·*!2+ ·¨*µ¨-:·*+.[89][91]

῝!¨ ·¨µ(/6 ¨(/¨-:-!*µ%, 6᾿¨΅ ῟(%/΅Λ=:¨·!%( Ο=µ=·()῟* ῟(/%()µ%!% /%( =΅%῾-1*!=+
᾿·*5¨∆¨5῾=+ ΄(% ᾿¨·῾!=+, ῟(%῟῾/¨΅+, ῟(/*΄65¨΅+ /%( Ο=-µ(/¨:+ Η¨5=῾+, * ᾿%5%Λ῾%-* !*+
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0=∆.·%(¨ 5. Ψ΅1µ(-!(/6 /%( *1(/6 ᾿·%῾-(¨

(῟(Γ!(/6!*!%+ =·῟ΑΘ=!%( ·% ΑΘ=( %·=᾿%·651Γ!=+ -΅·Α᾿=(=+, !6-¨ ΄(% !*· ᾿5¨-Γ᾿(/2 ΥΓ2 6-¨
/%( ΄(% !*· %;(¨᾿(-!῾% !¨΅ ῾῟(¨΅ !¨΅ -΅-!2µ%!¨+ %᾿¨·¨µ2+ ῟(/%(¨-:·*+[89]. Ε( ᾿5¨/·2-=(+
%΅!Α+ /%1῾-!%·!%( =·!¨·6!=5=+ /%1)+ !% LLMs µ᾿¨5¨:· ·% ·=(!¨΅5΄2-¨΅· Γ+ %᾿¨12/=+
΄·)-*+ (knowledge repositories) ᾿¨΅ ῟(%!*5¨:·, -΅·῟΅.Σ¨΅· 2 %/6µ% /%( ῟(%55Α¨΅· ᾿·*-
Τ¨∆¨5῾=+ µΑ-Γ !Γ· %᾿¨!=·=-µ.!Γ· !¨΅+, (῟῾Γ+ -= ᾿=5(Λ.··¨·!% 6᾿¨΅ ῟=· ΅᾿.5Θ¨΅· %΅-!*5¨῾
µ*Θ%·(-µ¨῾ =·Α΄Θ¨΅ /%( ῟(%Θ=῾5(-*+ ᾿56-Λ%-*+ (access control)[65].

Χ ᾿5¨-!%-῾% !*+ (῟(Γ!(/6!*!%+ -!% -΅-!2µ%!% ·¨µ(/2+ !=Θ·*!2+ ·¨*µ¨-:·*+ (AI) %᾿%(!=῾
᾿¨·΅=᾿῾᾿=῟* ᾿5¨-Α΄΄(-*, * ¨᾿¨῾% ;=/(·. %᾿6 !¨ -!.῟(¨ !*+ =᾿(·¨΄2+ /%( =᾿=;=5΄%-῾%+ !Γ·
῟=῟¨µΑ·Γ· =/᾿%῾῟=΅-*+. Ε( ᾿5¨΄5%µµ%!(-!Α+ /%·¨:·!%( ·% =∆%5µ6Σ¨΅· !=Θ·(/Α+ %·Γ·΅µ¨-
᾿¨῾*-*+ (anonymization), Κ=΅῟Γ·΅µ¨᾿¨῾*-*+ (pseudonymization) /%( %5Θ2+ =·%Θ(-!¨᾿¨-
῾*-*+ !Γ· ῟=῟¨µΑ·Γ· (data minimization), ῟(%-∆%·῾Σ¨·!%+ 6!( ¨( %·΄¨5(1µ(/Α+ ῟(%῟(/%-῾=+
῟=· ῟(%!*5¨:·, ῟=· =᾿=;=5΄.Σ¨·!%( /%( ῟=· %·%᾿%5.΄¨΅· %·%΄·Γ5῾-(µ% ᾿5¨-Γ᾿(/. ῟=῟¨-
µΑ·% ΘΓ5῾+ !* -΅΄/%!.1=-* !Γ· ΅᾿¨/=(µΑ·Γ· !Γ· ῟=῟¨µΑ·Γ· 2 !*· :᾿%5;* -%∆¨:+ ·¨µ(/2+
Μ.-*+.

ΝΕ᾿Γ+ =᾿(-*µ%῾·=!%( /%( -!* -Θ=!(/2 Μ(Λ·(¨΄5%∆῾%[89],[91], * Θ52-* ῟(%∆¨5¨᾿¨(*µΑ·*+
(῟(Γ!(/6!*!%+ (di"erential privacy), ¨µ¨-᾿¨·῟(%/2+ µ.1*-*+ (federated learning) /%( µ*-
Θ%·(/2+ µ.1*-*+ µ= ῟(%∆:·%;* !*+ (῟(Γ!(/6!*!%+ (privacy-preserving machine learning)
%᾿¨!=·=῾ -:΄Θ5¨·* ᾿5%/!(/2 ᾿¨΅ µ=()·=( !¨· /῾·῟΅·¨ ῟(%55¨2+ ῟=῟¨µΑ·Γ· (data leakage),
ΘΓ5῾+ ·% Ο΅-(.Σ=!%( * %᾿¨῟¨!(/6!*!% !¨΅ -΅-!2µ%!¨+.

3;῾-¨΅ -*µ%·!(/2 =῾·%( * =·-Γµ.!Γ-* µ*Θ%·(-µ)· =·Α΄Θ¨΅ ᾿56-Λ%-*+ (access control)
/%( /%!%΄5%∆2+ (logging) -= /.1= -!.῟(¨ Θ52-*+ !¨΅ LLM. Χ ῟(%∆.·=(% Γ+ ᾿5¨+ !¨ ᾿¨(¨+,
᾿6!= /%( ᾿)+ ΑΘ=( ᾿56-Λ%-* -= ῟=῟¨µΑ·% /%( %᾿¨!=·Α-µ%!% !¨΅ -΅-!2µ%!¨+, =·(-Θ:=( !*·
(Θ·*·%-(µ6!*!% (traceability) /%( !* ·¨΄¨῟¨-῾% (accountability)[89]. ῭%5.··*·%, * !%/!(-
/2 %;(¨·6΄*-* /(·῟:·¨΅ (risk assessment) -= ᾿5%΄µ%!(/Α+ -΅·12/=+ Θ52-*+, * ῟(=·Α5΄=(%
penetration tests /%( * -΅·=Θ2+ =/᾿%῾῟=΅-* !Γ· Θ5*-!)· -΅µΛ.··¨΅· -!*· ᾿56·*Κ* ᾿%5%-
Μ(.-=Γ· /%( -!* ῟(%µ65∆Γ-* /¨΅·!¨:5%+ ᾿5¨-!%-῾%+ !*+ (῟(Γ!(/6!*!%+[65].

,¨ Τ΅1µ(-!(/6 ᾿·%῾-(¨ (6᾿Γ+ ¨ GDPR -!*· 3΅5)᾿* /%( !% =᾿(µΑ5¨΅+ =1·(/. ·¨µ(/.
᾿56!΅᾿%) =·(-Θ:=( !¨· Τ6·¨ !*+ (῟(Γ!(/6!*!%+, Ο=-᾿῾Σ¨·!%+ ΅᾿¨Θ5=)-=(+ ΄(% \privacy by
design and by default", ·¨΄¨῟¨-῾% (accountability), ῟(/%῾Γµ% =·*µΑ5Γ-*+ /%( ῟(%΄5%∆2+
(\right to be forgotten") /%( %΅-!*5Α+ /΅5)-=(+ ΄(% ᾿%5%Λ.-=(+. Ε( ᾿5¨΄5%µµ%!(-!Α+ /%-
·¨:·!%( 6Θ( µ6·¨ ·% -΅µµ¨5∆)·¨·!%( µ= !(+ ·¨µ(/Α+ %᾿%(!2-=(+, %··. /%( ·% -Θ=῟(.Σ¨΅·
-΅-!2µ%!% ᾿¨΅ =µ᾿·Α¨΅· =µ᾿(-!¨-:·* -!¨΅+ Θ52-!=+, ῟(%-∆%·῾Σ¨·!%+ !*· (-¨55¨᾿῾% %·.µ=-
-% -!* ·=(!¨΅5΄(/6!*!% /%( -!* ῟(%-∆.·(-* !Γ· ᾿5¨-Γ᾿(/)· ῟=῟¨µΑ·Γ·.

3῾·%( -%∆Α+ ᾿Γ+, /%1)+ !% LLMs =·-Γµ%!)·¨·!%( 6·¨ /%( ᾿=5(--6!=5¨ -= =΅%῾-1*!=+
῟(%῟(/%-῾=+ !¨΅ ῟(/%-!(/¨: /%( ῟(¨(/*!(/¨: ¨(/¨-΅-!2µ%!¨+, * ᾿5¨-!%-῾% !*+ (῟(Γ!(/6!*!%+
῟=· %᾿¨!=·=῾ %᾿·)+ ·¨µ(/2 ΅᾿¨Θ5ΑΓ-*, %··. Μ%-(/2 *1(/2 %5Θ2 /%( !=Θ·(/2 ᾿5¨!=5%(-
6!*!% ᾿¨΅ /%1¨5῾Σ=( !*· %᾿¨῟¨Θ2, !*· %;(¨᾿(-!῾% /%( !*· %᾿¨!=·=-µ%!(/6!*!% !*+ !=Θ·*!2+
·¨*µ¨-:·*+ -!¨ ῟῾/%(¨.

5.3.3 7΅3·2( Φ%Μ΄Α·΄( 3·2 Φ502)2΄µ236Κ 72·΄)/΄-2Κ

Χ %·.᾿!΅;* /%( =·-Γµ.!Γ-* µ=΄.·Γ· ΄·Γ--(/)· µ¨·!Α·Γ· -!¨ ῟(/%-!(/6 /%( ·¨µ(/6
¨(/¨-:-!*µ% ΗΑ5·=( -!¨ ᾿5¨-/2·(¨ !* ΥΓ!(/2 %·.΄/* ΄(% ῟(%-∆.·(-* !*+ ῟῾/%(*+ ᾿56-Λ%-*+
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5.3.3 7῾/%(* ῭56-Λ%-* /%( ῭¨·(!(-µ(/Α+ 7(%-!.-=(+

-!(+ !=Θ·¨·¨΄῾=+ !=Θ·*!2+ ·¨*µ¨-:·*+ /%( ΄(% %·%΄·)5(-* !*+ ᾿¨·(!(-µ(/2+ /%( ΄·Γ--(/2+
᾿¨(/(·¨µ¨5∆῾%+. ,¨ Υ2!*µ% !*+ ῟῾/%(*+ ᾿56-Λ%-*+ ΅᾿=5Λ%῾·=( !¨ ᾿%5%῟¨-(%/6 ᾿56Λ·*µ%
!*+ !=Θ·¨·¨΄(/2+ .·(-6!*!%+Ν (digital divide) /%( %΄΄῾Σ=( Ο=µ=·()῟=(+ %5ΘΑ+ !*+ ῟(/%(¨-:·*+,
!*+ /¨(·Γ·(/2+ -΅µ᾿=5῾·*Κ*+ /%( !*+ ᾿5¨-!%-῾%+ !*+ ᾿¨·΅∆Γ·῾%+[94].

῝!¨ ᾿=῟῾¨ !¨΅ ῟(/%῾¨΅, * Θ52-* LLMs /%( -΅·%∆)· =5΄%·=῾Γ· !=Θ·*!2+ ·¨*µ¨-:·*+
(AI) ΄(% !*· ᾿%5¨Θ2 ·¨µ(/)· ΅᾿*5=-()· 2 !* ῟(%µ=-¨·.Λ*-* -= ῟(%῟(/%-῾=+ %᾿¨·¨µ2+ ῟(-
/%(¨-:·*+ µ᾿¨5=῾ ·% ῟*µ(¨΅5΄2-=( ·Α=+ µ¨5∆Α+ %᾿¨/·=(-µ¨:. ῭5)!¨·, * ῟(%1=-(µ6!*!%
/%( ᾿¨(6!*!% !Γ· ΅᾿*5=-()· !=Θ·*!2+ ·¨*µ¨-:·*+ (AI services) -΅Θ·. =;%5!.!%( %᾿6 !¨
΄·Γ--(/6, /¨(·Γ·(/6 /%( ¨(/¨·¨µ(/6 ΅᾿6Λ%15¨ !Γ· Θ5*-!)·, ¨῟*΄)·!%+ -= ᾿5¨·¨µ(%/2 µ=-
!%Θ=῾5(-* =/=῾·Γ· ᾿¨΅ ῟(%1Α!¨΅· !¨΅+ %᾿%5%῾!*!¨΅+ !=Θ·¨·¨΄(/¨:+ ᾿65¨΅+ 2 ΄·)-=(+. Χ
᾿56-Λ%-* -= ·¨µ(/Α+ ᾿·*5¨∆¨5῾=+, -= ΝΑ;΅᾿·=+Ν ᾿·%!∆65µ=+ ῟(/%-!(/2+ Μ¨21=(%+ 2 -= %΅!¨-
µ%!¨᾿¨(*µΑ·% =5΄%·=῾% ῟(%µ=-¨·.Λ*-*+ ῟=· =῾·%( ᾿%·!¨: (-6!(µ*῍ ¨µ.῟=+ µ= ᾿=5(¨5(-µΑ·*
!=Θ·¨·¨΄(/2 ΅᾿¨῟¨µ2, *·(/(ΓµΑ·¨(, .!¨µ% µ= %·%᾿*5῾=+ 2 ᾿·*1΅-µ¨῾ -= %΄5¨!(/Α+/µ=(¨-
·=/!¨:-=+ ᾿=5(¨ΘΑ+ ῟(%!5ΑΘ¨΅· µ=΄%·:!=5¨ /῾·῟΅·¨ %᾿¨/·=(-µ¨:. ΝΕ᾿Γ+ =᾿(-*µ%῾·=!%( -!*
-Θ=!(/2 Μ(Λ·(¨΄5%∆῾% [94], * ῟῾/%(* /%( /%1¨·(/2 ᾿56-Λ%-* ᾿%5%µΑ·=( Α·% -:·1=!¨ /%(
%·¨(Θ!6 Υ*!¨:µ=·¨ ΄(% !*· !=Θ·*!2 ·¨*µ¨-:·* -!¨· ·¨µ(/6 !¨µΑ%[93].

3᾿(᾿·Α¨·, !% LLMs !=῾·¨΅· ·% =῾·%( ᾿=5(--6!=5¨ %/5(Λ2 /%( Θ52-(µ% ΄(% !(+ /΅5῾%5-
Θ=+ ΄·)--=+ /%( !% ᾿¨·(!(-µ(/. ᾿56!΅᾿% ᾿¨΅ /΅5(%5Θ¨:· -!¨ corpus =/᾿%῾῟=΅-2+ !¨΅+.
Χ =··(᾿2+ =/᾿5¨-)᾿*-* ΄·Γ--)·, !¨᾿(/)· ῟(%·Α/!Γ· 2 ·¨µ(/)· ᾿%5%῟6-=Γ· ῟*µ(¨΅5΄=῾
!¨· /῾·῟΅·¨ ᾿¨·(!(-µ(/2+ ¨µ¨΄=·¨᾿¨῾*-*+ /%( %65%!*+ Νµ=5¨·*Κ῾%+Ν ΅᾿Α5 -΅΄/=/5(µΑ·Γ·
/¨(·Γ·(/)· 2 ΄·Γ--(/)· ¨µ.῟Γ· [93]. ,¨ Η%(·6µ=·¨ %΅!6 ῟=· =᾿*5=.Σ=( µ6·¨ !*· ᾿¨(6!*!%
!Γ· ·¨µ(/)· ΅᾿*5=-()· ᾿¨΅ ᾿%5ΑΘ¨·!%( µΑ-Γ !=Θ·*!2+ ·¨*µ¨-:·*+ (AI), %··. ΅᾿¨·¨µ=:=(
/%( !* Ο=-µ(/2 (-6!*!% =·)᾿(¨· !¨΅ ·6µ¨΅, /%1)+ !% LLMs ῟:·%·!%( Α-!Γ /%( %/¨:-(% ·%
=·(-Θ:-¨΅· !*· ᾿=5(1Γ5(¨᾿¨῾*-* ᾿¨·(!(-µ(/)· 2 ΄·Γ--(/)· µ=(¨·¨!2!Γ·.

Χ ῟(%-∆.·(-* !*+ ῟῾/%(*+ ᾿56-Λ%-*+ /%( !*+ ᾿¨·(!(-µ(/2+ -΅µ᾿=5῾·*Κ*+ %᾿%(!=῾ -!5%-
!*΄(/Α+ ᾿¨··%᾿·)· =᾿(᾿Α῟Γ·. ῝= !=Θ·(/6 =᾿῾᾿=῟¨, %΅!6 -*µ%῾·=( =᾿Α·῟΅-* -= data aug-
mentation /%( ᾿5¨-%5µ¨-!(/Α+ !=Θ·(/Α+ =/᾿%῾῟=΅-*+ ᾿¨΅ =·(-Θ:¨΅· !*· ᾿%5¨΅-῾% ᾿¨(/῾·Γ·
΄·Γ--)· /%( ᾿¨·(!(-µ(/)· ᾿5¨!:᾿Γ· -!¨ training corpus !Γ· LLMs. ῝= ¨5΄%·Γ!(/6 =᾿῾᾿=῟¨,
%᾿%(!=῾!%( ῟(%5/2+ %;(¨·6΄*-* !*+ ᾿5¨-Λ%-(µ6!*!%+ !Γ· !=Θ·¨·¨΄(/)· ·:-=Γ·, µ= Αµ∆%-*
-!* -Θ=῟῾%-* Η(·(/)· ῟(=᾿%∆)· (user-friendly interfaces), !* Θ52-* ᾿¨·΅΄·Γ--(/)· =5-
΄%·=῾Γ· (multilingual tools) /%( !*· %·.᾿!΅;* ΅᾿¨-!*5(/!(/)· µ*Θ%·(-µ)· ΄(% ¨µ.῟=+ µ=
᾿=5(¨5(-µΑ·* !=Θ·¨·¨΄(/2 /%!.5!(-* 2 µ= =(῟(/Α+ %·.΄/=+. ῭%5.··*·%, * -΅·=Θ2+ ῟(%Λ¨-
:·=΅-* µ= /¨(·Γ·(/¨:+, ᾿¨·(!(-µ(/¨:+ /%( ΄·Γ--(/¨:+ Η¨5=῾+ =·(-Θ:=( !*· =·-Γµ.!Γ-* !Γ·
%5Θ)· !*+ -΅µ᾿=5῾·*Κ*+ (inclusion) /%( !*+ (-6!*!%+ -!¨ !=·(/6 -:-!*µ% [93], [65].

Χ ᾿¨·(!(-µ(/2 ᾿¨(/(·¨µ¨5∆῾% (cultural diversity) %᾿¨!=·=῾ /5῾-(µ¨ ᾿%5.΄¨·!% ΄(% !*
·¨µ(µ¨᾿¨῾*-* !*+ !=Θ·*!2+ ·¨*µ¨-:·*+ (AI) -!¨ ῟῾/%(¨. Χ %·=᾿.5/=(% 2 %῟(%∆¨5῾% Γ+
᾿5¨+ !(+ !¨᾿(/Α+ ᾿%5%῟6-=(+, !(+ %;῾=+ /%( !(+ /¨(·Γ·(/Α+ =΅%(-1*-῾=+ µ᾿¨5=῾ ·% ¨῟*΄2-=(
-= /%Θ΅᾿¨Κ῾%, %·!῾-!%-* -!*· ΅(¨1Α!*-* !Γ· -΅-!*µ.!Γ· /%( !=·(/. -= ΅᾿¨·6µ=΅-* !*+
%᾿¨!=·=-µ%!(/6!*!.+ !¨΅+. Χ =·-Γµ.!Γ-* !*+ ᾿¨·(!(-µ(/2+ =΅%(-1*-῾%+ (cultural sensi-
tivity) -!* -Θ=῟῾%-*, !* ·=(!¨΅5΄῾% /%( !*· %;(¨·6΄*-* !Γ· LLMs ¨∆=῾·=( ·% =῾·%( ῟(%5/2+
/%( ᾿5¨-%5µ¨Σ6µ=·* -!(+ /¨(·Γ·(/Α+ /%( Ο=-µ(/Α+ =;=·῾;=(+, ῟(%-∆%·῾Σ¨·!%+ 6!( * !=Θ·*!2
·¨*µ¨-:·* (AI) ·=(!¨΅5΄=῾ Γ+ Η¨5Α%+ /¨(·Γ·(/2+ -΅·¨Θ2+ /%( 6Θ( Γ+ ᾿%5.΄¨·!%+ =·῾-Θ΅-*+
!Γ· ΅᾿%5Θ¨΅-)· %·(-¨!2!Γ·.
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῝΅·¨Κ῾Σ¨·!%+, * ῟῾/%(* ᾿56-Λ%-* (fair access) /%( * ᾿¨·(!(-µ(/2 -΅µ᾿=5῾·*Κ* (cul-
tural inclusion) ῟=· %᾿¨!=·¨:· ῟=΅!=5=:¨΅-=+ ᾿%5%µΑ!5¨΅+, %··. Ο=µΑ·(¨ !*+ Ο=-µ(/2+ /%(
/¨(·Γ·(/2+ %᾿¨῟¨Θ2+ !Γ· LLMs -!¨ ·¨µ(/6 ᾿=῟῾¨, %᾿%(!)·!%+ -΅·=Θ2 =΄52΄¨5-*, !=Θ·(/2
/%(·¨!¨µ῾% /%( ¨΅-(%-!(/2 /¨(·Γ·(/2 ῟(%Λ¨:·=΅-*.

5.4 Β῝+-%.·΄΅· 8+Ο%4¨5῝-Σ᾿ ΄)5 ᾿5µ23Μ Φ0·΅΄25

Χ -:µ᾿5%;* %·15)᾿¨΅ /%( !=Θ·*!2+ ·¨*µ¨-:·*+ -!¨· ·¨µ(/6 !¨µΑ% %·%῟=(/·:=!%( Γ+
µ῾% %᾿6 !(+ ᾿(¨ =·῟(%∆Α5¨΅-=+ /%( -:·1=!=+ ᾿!΅ΘΑ+ !*+ Κ*∆(%/2+ µ=!.Λ%-*+ !¨΅ ῟(/%῾¨΅. Χ
-!%῟(%/2 =·-Γµ.!Γ-* !Γ· LLMs /%( !Γ· =΅5:!=5Γ· -΅-!*µ.!Γ· !=Θ·*!2+ ·¨*µ¨-:·*+ (AI)
῟=· ᾿=5(¨5῾Σ=!%( ᾿·Α¨· -= Μ¨*1*!(/¨:+ 2 %΅!¨µ%!¨᾿¨(*µΑ·¨΅+ Τ6·¨΅+, %··. ῟(%µ¨5∆)·=(
·Α=+ ῟΅·%µ(/Α+ -!* ·2Κ* %᾿¨∆.-=Γ·, -!* ῟(%Θ=῾5(-* ῟(/%-!(/)· ΅᾿¨1Α-=Γ·, -!* ·¨µ(/2
Α5=΅·% /%( -!* ῟(%µ=-¨·.Λ*-* µ=!%;: ῟(%῟῾/Γ· /%( Ο=-µ)·.

Χ -ΘΑ-* %·15)᾿¨΅ /%( !=Θ·*!2+ ·¨*µ¨-:·*+ -!¨· ·¨µ(/6 Θ)5¨ Θ%5%/!*5῾Σ=!%( %᾿6 µ(%
-΅·=Θ2 ῟(%᾿5%΄µ.!=΅-* µ=!%;: %΅!¨µ%!(-µ¨: /%( %·15)᾿(·*+ /5῾-*+. 9᾿6 !* µ῾% ᾿·=΅5.,
!% LLMs /%( !% -΅·%∆2 =5΄%·=῾% µ᾿¨5¨:· ·% =·(-Θ:-¨΅· ῟5%-!(/. !*· %᾿¨!=·=-µ%!(/6!*!%,
!*· !%Θ:!*!% /%( !*· %/5῾Λ=(% !*+ =᾿=;=5΄%-῾%+ µ=΄.·¨΅ 6΄/¨΅ ·¨µ(/)· ᾿·*5¨∆¨5()·. Χ
῟΅·%!6!*!% %῟(.·=(᾿!*+ %·.·΅-*+ ·¨µ¨·¨΄῾%+, /%!%-/=΅2+ ᾿5¨΄·Γ-!(/)· µ¨·!Α·Γ· /%( ᾿%-
Τ%΄Γ΄2+ ᾿5¨!.-=Γ· =᾿῾ -:·1=!Γ· ·¨µ(/)· =5Γ!*µ.!Γ· µ=!%-Θ*µ%!῾Σ=( !¨· !56᾿¨ =5΄%-῾%+
!Γ· ·¨µ(/)· =᾿%΄΄=·µ%!()· /%( !Γ· ῟(/%-!*5῾Γ·, ῟(=΅/¨·:·¨·!%+ !* ·2Κ* =·*µ=5ΓµΑ·Γ·
/%( !=/µ*5(ΓµΑ·Γ· %᾿¨∆.-=Γ·. 9᾿6 !*· .··* ᾿·=΅5., * %᾿6·΅!* %΅!¨µ%!¨᾿¨῾*-* !*+
·¨µ(/2+ ·2Κ*+ %᾿¨∆.-=Γ· ᾿%5%µΑ·=( ¨΅!¨᾿(/2 – /%( ᾿(1%·)+ =᾿(/῾·῟΅·*. Χ ᾿¨·΅᾿·¨-
/6!*!% !Γ· ·¨µ(/)· =5Γ!*µ.!Γ·, * %·.΄/* =5µ*·=῾%+ !¨΅ ᾿·%(-῾¨΅, * -!.1µ(-* !*+ %5Θ2+
!*+ =᾿(=῾/=(%+ (equity) /%( ¨ Θ=(5(-µ6+ !Γ· (῟(%῾!=5Γ· /¨(·Γ·(/)·, ᾿¨·(!(-µ(/)· /%( ᾿5¨-Γ-
᾿(/)· ῟(%-!.-=Γ· /.1= ΅᾿61=-*+, %᾿%(!¨:· ῟(%5/2 %·15)᾿(·* =µ᾿·¨/2. Χ =µ᾿=(5῾%, !¨
*1(/6 /5(!25(¨ /%( * (/%·6!*!% =·-΅·%῾-1*-*+ !¨΅ %·15)᾿(·¨΅ ᾿%5.΄¨·!% ῟=· µ᾿¨5¨:· ·%
%·%᾿%5%Θ1¨:· ᾿·25Γ+ %᾿6 %·΄¨5(1µ(/. -΅-!2µ%!%, 6-¨ =;=·(΄µΑ·% /( %· =῾·%( %΅!..[94]

9᾿6 !*· .··* ᾿·=΅5., * %᾿6·΅!* %΅!¨µ%!¨᾿¨῾*-* !*+ ·¨µ(/2+ ·2Κ*+ %᾿¨∆.-=Γ· ᾿%-
Τ%µΑ·=( ¨΅!¨᾿(/2 – /%( ᾿(1%·)+ =᾿(/῾·῟΅·*. Χ ᾿¨·΅᾿·¨/6!*!% !Γ· ·¨µ(/)· =5Γ!*µ.!Γ·, *
%·.΄/* =5µ*·=῾%+ !¨΅ ᾿·%(-῾¨΅, * -!.1µ(-* !*+ %5Θ2+ !*+ =᾿(=῾/=(%+ (equity) /%( ¨ Θ=(5(-
-µ6+ !Γ· (῟(%῾!=5Γ· /¨(·Γ·(/)·, ᾿¨·(!(-µ(/)· /%( ᾿5¨-Γ᾿(/)· ῟(%-!.-=Γ· /.1= ΅᾿61=-*+,
%᾿%(!¨:· ῟(%5/2 %·15)᾿(·* =µ᾿·¨/2. Χ =µ᾿=(5῾%, !¨ *1(/6 /5(!25(¨ /%( * (/%·6!*!% =·-
-΅·%῾-1*-*+ !¨΅ %·15)᾿(·¨΅ ᾿%5.΄¨·!% ῟=· µ᾿¨5¨:· ·% %·%᾿%5%Θ1¨:· ᾿·25Γ+ %᾿6 %·΄¨-
Τ(1µ(/. -΅-!2µ%!%, 6-¨ =;=·(΄µΑ·% /( %· =῾·%( %΅!. [93], [65].

,¨ ᾿(¨ )5(µ¨ /%( %᾿¨!=·=-µ%!(/6 µ¨·!Α·¨ ᾿¨΅ ᾿5¨/:᾿!=( %᾿6 !* ῟(=1·2 =µ᾿=(5῾% =῾·%(
%΅!6 !*+ ΅Λ5(῟(/2+ -΅·=5΄%-῾%+ (hybrid collaboration)[65], 6᾿¨΅ !% LLMs ·=(!¨΅5΄¨:· Γ+
΅᾿¨-!*5(/!(/. =5΄%·=῾% /%( 6Θ( Γ+ !=·(/¨῾ /5(!Α+. Ε Τ6·¨+ !*+ !=Θ·*!2+ ·¨*µ¨-:·*+ (AI)
=᾿(/=·!5)·=!%( -!* -΅··¨΄2, ¨5΄.·Γ-* /%( %5Θ(/2 =᾿=;=5΄%-῾% ᾿·*5¨∆¨5῾%+, -!*· %·῾Θ·=΅-
-* ᾿5¨!:᾿Γ· /%( -!*· ΅᾿¨Λ¨·2 =·%··%/!(/)· ᾿5¨!.-=Γ·, =·) * !=·(/2 /5῾-*, * =5µ*·=῾%
!Γ· -!¨(Θ=῾Γ· /%( * -!.1µ(-* !Γ· -΅·=᾿=()· ᾿%5%µΑ·¨΅· -!¨· .·15Γ᾿¨. 9΅!6 !¨ µ¨·!Α·¨ =·(-
-Θ:=( !* ῟(%∆.·=(%, !*· %;(¨᾿(-!῾% /%( !*· /¨(·Γ·(/2 %᾿¨῟¨Θ2 !Γ· %᾿¨!=·=-µ.!Γ·, =·) !%΅-
!6Θ5¨·% %;(¨᾿¨(=῾ !¨ ᾿·25=+ ῟΅·%µ(/6 !*+ !=Θ·*!2+ ·¨*µ¨-:·*+ (AI). ῎-!6-¨, * -΅·=5΄%-῾%
%·15)᾿¨΅-!=Θ·*!2+ ·¨*µ¨-:·*+ (human-AI collaboration) ῟=· -!=5=῾!%( ᾿5¨/·2-=Γ·[93].
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Χ =··(᾿2+ /%!%·6*-* !¨΅ !56᾿¨΅ ·=(!¨΅5΄῾%+ !Γ· LLMs %᾿6 !¨΅+ !=·(/¨:+ Θ52-!=+, * ΅-
᾿Α5µ=!5* =µ᾿(-!¨-:·* -!% outputs !Γ· -΅-!*µ.!Γ· 2, %·!῾1=!%, * ῟΅-᾿(-!῾% /%( * .5·*-*
΅(¨1Α!*-*+ ·ΑΓ· !=Θ·¨·¨΄()·, µ᾿¨5¨:· ·% ¨῟*΄2-¨΅· =῾!= -= !=Θ·¨/5%!(/6 Η¨5µ%·(-µ6 =-
῾!= -= %῟(/%(¨·6΄*!* %᾿655(Κ* Θ52-(µΓ· =5΄%·=῾Γ·. Ε( Η¨5=῾+ !¨΅ ῟(/%῾¨΅ /%·¨:·!%( ·%
=᾿=·῟:-¨΅· !6-¨ -!*· =/᾿%῾῟=΅-* 6-¨ /%( -!*· =·῾-Θ΅-* !*+ !=Θ·¨·¨΄(/2+ /¨΅·!¨:5%+,
=;%-∆%·῾Σ¨·!%+ 6!( * %·15)᾿(·* /5῾-* ᾿%5%µΑ·=( ¨ !=·(/6+ =΄΄΅*!2+ !*+ ῟(/%(¨-:·*+.

Χ Ο=-µ(/2 ΟΓ5./(-* !*+ -΅·=5΄%-῾%+ %·15)᾿¨΅-!=Θ·*!2+ ·¨*µ¨-:·*+ (human-AI col-
laboration) ᾿=5(·%µΛ.·=( µ*Θ%·(-µ¨:+ ῟(%∆.·=(%+ (transparency), ῟΅·%!6!*!% =;*΄2-(µ*+
᾿%5ΑµΛ%-*+ (explainable intervention), -%∆=῾+ ῟(%῟(/%-῾=+ =·Α΄Θ¨΅ /%( ·¨΄¨῟¨-῾%+ (ac-
countability), /%1)+ /%( !*· %·%΄·)5(-* !*+ ῟΅·%!6!*!%+ challenge /%( =᾿%·=;Α!%-*+ !Γ·
%·΄¨5(1µ(/)· %᾿¨!=·=-µ.!Γ·. ῭%5.··*·%, %᾿%(!=῾!%( -΅·=Θ2+ %;(¨·6΄*-* !Γ· /¨(·Γ·(/)·
/%( *1(/)· -΅·=᾿=()·, µ= -!6Θ¨ !* ῟(%5/2 %·%·ΑΓ-* !¨΅ ᾿·%(-῾¨΅ /%( !* ῟(%-∆.·(-* !*+
Ο=-µ(/2+ (-¨55¨᾿῾%+ %·.µ=-% -!*· /%(·¨!¨µ῾% /%( -!* ῟(/%(¨-:·*. ῝΅·¨·(/., * -΅·=5΄%-
-῾% %·15)᾿¨΅ /%( !=Θ·*!2+ ·¨*µ¨-:·*+ (AI) -!¨ ·¨µ(/6 ᾿=῟῾¨ ῟=· =῾·%( %᾿·)+ Α·% !=Θ·(/6
2 ῟(%῟(/%-!(/6 Υ2!*µ%, %··. Ο=µ=·()῟*+ ᾿%5.µ=!5¨+ !*+ µ=!.Λ%-*+ -!* Ν·Α% ῟(/%(¨-:·*Ν
(new justice), 6᾿¨΅ * !=Θ·¨·¨΄῾% /%·=῾!%( ·% ΅᾿*5=!2-=( –/%( 6Θ( ·% ΅᾿¨/%!%-!2-=(– !*·
%·15)᾿(·* /5῾-* /%( !(+ %;῾=+ !¨΅ /5.!¨΅+ ῟(/%῾¨΅, 6᾿Γ+ =᾿(-*µ%῾·=!%( /%( -!* -Θ=!(/2
Μ(Λ·(¨΄5%∆῾%[93],[94],[55].

5.4.1 =¨5΄)Ν%2Θ( )(Κ 8¨ΜΠ·΄(Κ 6+·+)2 8῝)5µ·)5¨5΅(΄(Κ )(Κ 8¨ΜΠ·΄(Κ

Χ ῟(./5(-* µ=!%;: !*+ Θ52-*+ !Γ· LLMs Γ+ =5΄%·=῾% ΅᾿¨-!25(;*+ !*+ %᾿6∆%-*+ (deci-
sion support systems) /%( !*+ %΅!¨µ%!¨᾿¨(*µΑ·*+ ·2Κ*+ %᾿¨∆.-=Γ· (decision automation)
%᾿¨!=·=῾ Ο=µ=·()῟* Υ2!*µ% ΄(% !¨· Τ6·¨ !*+ !=Θ·*!2+ ·¨*µ¨-:·*+ (AI) -!¨ ῟῾/%(¨. Χ Θ52-*
!*+ !=Θ·*!2+ ·¨*µ¨-:·*+ (AI) Γ+ =5΄%·=῾¨΅ ΅᾿¨-!25(;*+ !*+ %·15)᾿(·*+ %᾿6∆%-*+ ῟῾·=(
Αµ∆%-* -!* -΅µΛ¨΅·=΅!(/2 /%( =·(-Θ΅!(/2 ·=(!¨΅5΄῾% !*+ !=Θ·¨·¨΄῾%+, 6᾿¨΅ ¨( ῟(/%-!Α+, ¨(
῟(/*΄65¨( /%( !% ῟(¨(/*!(/. 65΄%·% ῟(%!*5¨:· !¨· !=·(/6 Α·=΄Θ¨ /%( !*· =΅1:·* !*+ /5῾-*+.
9·!῾1=!%, -!% -΅-!2µ%!% %΅!¨µ%!¨᾿¨῾*-*+, ¨( %·΄65(1µ¨( µ᾿¨5¨:· ·% ᾿%5.΄¨΅· %᾿¨!=-
·Α-µ%!% ΘΓ5῾+ ¨΅-()῟* %·15)᾿(·* ᾿%5ΑµΛ%-*, µ= 6·=+ !(+ !=Θ·(/Α+, Ο=-µ(/Α+ /%( *1(/Α+
-΅·Α᾿=(=+ ᾿¨΅ %΅!6 -΅·=᾿.΄=!%( [65], [55].

῝!% -΅-!2µ%!% ΅᾿¨-!25(;*+, !% LLMs ᾿5¨-∆Α5¨΅· =;%(5=!(/. =5΄%·=῾% ΄(% !*· !%Θ=῾%
%·.·΅-* ·¨µ¨·¨΄῾%+, !*· %·=:5=-* ᾿5¨!:᾿Γ· -= µ=΄.·% ·¨µ(/. ῟=῟¨µΑ·% /%( !*· ᾿%5¨Θ2
!=/µ*5(ΓµΑ·Γ· =·%··%/!(/)· ᾿5¨!.-=Γ·. ,¨ %·15)᾿(·¨ ΅᾿¨/=῾µ=·¨ !*+ %᾿6∆%-*+ ΑΘ=( !*
῟΅·%!6!*!% ·% %;(¨·¨΄2-=( !% outputs, ·% =5µ*·=:-=( !¨ ·¨µ(/6 /%( /¨(·Γ·(/6 ᾿·%῾-(¨ /.1=
΅᾿61=-*+ /%( ·% -!%1µ῾-=( µ* ᾿¨-¨!(/¨᾿¨(2-(µ¨΅+ ᾿%5.΄¨·!=+ 6᾿Γ+ * %5Θ2 !*+ =᾿(=῾/=(%+
(equity) /%( ¨( /¨(·Γ·(/Α+ =᾿(᾿!)-=(+ !*+ %᾿6∆%-*+. ,% -΅-!2µ%!% ΅᾿¨-!25(;*+ =·(-Θ:¨΅·
!¨· =᾿%΄΄=·µ%!῾% !*+ ῟(/%(¨-:·*+, ΘΓ5῾+ ·% ΅᾿¨/%1(-!¨:· !* Ο=-µ(/2 /%( *1(/2 =΅1:·*
!¨΅ [93], [94].

9·!῾1=!%, -!% -΅-!2µ%!% %΅!¨µ%!¨᾿¨῾*-*+, !% LLMs %·%·%µΛ.·¨΅· µ=΄%·:!=5¨ µΑ5¨+
– 2 /%( !¨ -:·¨·¨ – !*+ ῟(%῟(/%-῾%+ ·2Κ*+ %᾿6∆%-*+. ῝= !Α!¨(% ᾿=5(Λ.··¨·!%, 6᾿Γ+ ᾿%-
Τ%!*5=῾!%( -= =∆%5µ¨΄Α+ Α;΅᾿·Γ· ῟(/%-!*5῾Γ· (smart courts) -!*· 0῾·% 2 -= %·΄¨5(1µ(/Α+
%;(¨·¨΄2-=(+ /(·῟:·¨΅ !:᾿¨΅ COMPAS -!(+ Χ῭9, * %·15)᾿(·* ᾿%5ΑµΛ%-* ᾿=5(¨5῾Σ=!%( -΅-
Θ·. -= !΅᾿(/6 Τ6·¨ =᾿(/:5Γ-*+ 2 .5-*+ %/5%῾Γ· -∆%·µ.!Γ· [87], [85], [65]. 9΅!6 ῟*µ(¨΅5-
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΄=῾ /(·῟:·¨΅+ -΅-!*µ(/2+ ᾿5¨/%!.·*Κ*+ bias, %῟(%∆.·=(%+ (opacity), Ν῟(%Θ΅µΑ·*+ =΅1:·*+Ν
(di"used liability) /%( %῟΅·%µ῾%+ challenge !Γ· %᾿¨∆.-=Γ·, µ= -΅·Α᾿=(=+ ΄(% !* Ο=-µ(/2
·¨µ(µ¨᾿¨῾*-* /%( !*· /¨(·Γ·(/2 %᾿¨῟¨Θ2 !*+ !=Θ·*!2+ ·¨*µ¨-:·*+ (AI) -!* ῟(/%(¨-:·*
[82], [65].

Χ ῟(=1·2+ =µ᾿=(5῾% /%!%῟=(/·:=( !% 65(% /%( !% ᾿·=¨·=/!2µ%!% /.1= ᾿5¨-Α΄΄(-*+. ῝!*·
΅᾿61=-* Loomis v. Wisconsin (2016) -!(+ Χ῭9, !¨ =5΄%·=῾¨ COMPAS Θ5*-(µ¨᾿¨(21*/= ΄(%
!*· =/!῾µ*-* /(·῟:·¨΅ ΅᾿¨!5¨᾿2+ /5%!¨΅µΑ·Γ·, =᾿*5=.Σ¨·!%+ !*· ᾿¨(·(/2 %᾿6∆%-* ΘΓ5῾+
·% µ᾿¨5=῾ ¨ /%!*΄¨5¨:µ=·¨+ ·% %µ∆(-Λ*!2-=( 2 ·% /%!%·¨2-=( !% %·΄¨5(1µ(/. /5(!25(%. ,¨
%·)!%!¨ ῟(/%-!25(¨ %·%΄·)5(-= ᾿Γ+ * Α··=(Κ* ῟(%∆.·=(%+ (transparency) /%( * %῟΅·%µ῾%
challenge !Γ· %·΄¨5(1µ(/)· outputs ᾿5¨-Λ.··=( Μ%-(/Α+ %5ΘΑ+ ῟῾/%(*+ ῟῾/*+ /%( Ο=-µ(/2+
·¨΄¨῟¨-῾%+ [85], [65].

῝!*· 0῾·%, * %΅!¨µ%!¨᾿¨῾*-* !*+ %᾿6∆%-*+ =∆%5µ6Σ=!%( ᾿(·¨!(/. -= ΝΑ;΅᾿·% ῟(/%-
-!25(%Ν (smart courts), /΅5῾Γ+ ΄(% !*· %΅!¨µ%!¨᾿¨(*µΑ·* =᾿῾·΅-* µ(/5¨῟(%∆¨5)· (᾿.Θ.
tra!c fines, %᾿·Α+ =µ᾿¨5(/Α+ ΅᾿¨1Α-=(+). 9· /%( ῟(%-∆%·῾Σ=!%( !%Θ:!*!% /%( %᾿¨-΅µ∆65*-
-*, ᾿%5%µΑ·=( !¨ Υ2!*µ% !*+ =;%!¨µ(/=΅µΑ·*+ ῟(/%(¨-:·*+ /%( !*+ ῟΅·%!6!*!%+ ¨΅-(%-!(/2+
᾿%5ΑµΛ%-*+ !¨΅ %·15)᾿¨΅, =·) ¨( %᾿¨∆.-=(+ ΄῾·¨·!%( -΅Θ·. %·!(/=῾µ=·¨ /5(!(/2+ ΄(% !*·
!΅᾿¨᾿¨῾*-* /%( !¨· ᾿=5(¨5(-µ6 !*+ Ο=-µ(/2+ =΅=·(;῾%+ [87], [65].

Χ 3-1¨·῾% ᾿5¨ΘΓ5. Α·% Μ2µ% ᾿(¨ ᾿Α5% µ= !¨ ᾿56΄5%µµ% robot judge[85], 6᾿¨΅ LLMs
%;(¨·¨΄¨:· µ(/5Α+ ῟(%∆¨5Α+ Γ+ ᾿5)!* Μ%1µ῾῟%, %··. ΅᾿.5Θ=( ᾿.·!¨!= * ῟΅·%!6!*!% %-
·%!5¨᾿2+ !*+ %᾿6∆%-*+ %᾿6 .·15Γ᾿¨, /%1)+ ᾿5¨Λ·Α᾿¨·!%( audit trails /%( ῟΅·%!6!*!%
Α·-!%-*+. 9΅!6 !¨ ΅Λ5(῟(/6 µ¨·!Α·¨ =·-Γµ%!)·=( ᾿5%/!(/. !(+ =΅5Γ᾿%Π/Α+ %5ΘΑ+ ῟(%µ=-¨-
·.Λ*-*+ %·15)᾿(·¨΅ ᾿%5.΄¨·!% human-in-the-loop /%( !¨ ῟(/%῾Γµ% =;*΄*-(µ6!*!%+right
to explanation" ᾿¨΅ =᾿(Λ.··=( ¨ EU AI Act [84], [85].

9᾿6 !=Θ·(/2 /%( Ο=-µ(/2 -/¨᾿(., * ΜΑ·!(-!* =·-Γµ.!Γ-* !Γ· µ=΄.·Γ· ΄·Γ--(/)· µ¨-
·!Α·Γ· -!¨ ·¨µ(/6 ¨(/¨-:-!*µ% ᾿5¨Ι᾿¨1Α!=( !*· ΅(¨1Α!*-* -΅΄/=/5(µΑ·Γ· =΄΄΅2-=Γ· (safe-
guards) /%( !=Θ·(/)· ΅·¨᾿¨῾*-*+. Χ =∆%5µ¨΄2 =5΄%·=῾Γ· =᾿=;*΄2-(µ*+ !=Θ·*!2+ ·¨*µ¨-
-:·*+ (explainable AI), 6᾿Γ+ !% LIME, SHAP /%( * ¨᾿!(/¨᾿¨῾*-* !*+ ᾿5¨-¨Θ2+ (attention
visualization), -= -΅·῟΅%-µ6 µ= !*· ᾿·25* /%!%΄5%∆2 !Γ· =(-5¨)· /%( !Γ· ᾿%5%µΑ!5Γ·
·=(!¨΅5΄῾%+ !¨΅ -΅-!2µ%!¨+ (prompt archives, metadata logs), -΅µΛ.··=( ¨΅-(%-!(/. -!*
῟(%∆.·=(% (transparency) /%( !* ·¨΄¨῟¨-῾% (accountability). 3᾿(᾿·Α¨·, * =᾿(Λ¨·2 ΅᾿¨Θ5=Γ-
!(/2+ %·15)᾿(·*+ %·%-/6᾿*-*+ (human-in-the-loop) /%( * ῟΅·%!6!*!% ΅᾿¨Λ¨·2+ Α·-!%-*+
(challenge) -= /.1= %·΄¨5(1µ(/2 %᾿6∆%-* ῟(%-∆%·῾Σ¨΅· !*· ᾿5¨-!%-῾% !Γ· ῟(/%(Γµ.!Γ·
!Γ· ῟(%῟῾/Γ· /%( !*· =·῾-Θ΅-* !*+ =µ᾿(-!¨-:·*+ -!¨ -:-!*µ% ῟(/%(¨-:·*+[82],[55]. ῭%5.·-
·*·%, * -΅-!*µ%!(/2 ῟(=·Α5΄=(% %;(¨·¨΄2-=Γ· /(·῟:·¨΅ /%( =᾿(᾿!)-=Γ· (risk and impact
assessments), * ῟΅·%µ(/2 %;(¨·6΄*-* !*+ (-¨!(µ῾%+ (fairness) /%( !*+ %·1=/!(/6!*!%+ (ro-
bustness) !Γ· %·΄¨5῾1µΓ·, /%1)+ /%( * !%/!(/2 =᾿(/%(5¨᾿¨῾*-* !Γ· ᾿¨·(!(/)· =·Α΄Θ¨΅
(auditing policies), ῟(%-∆%·῾Σ¨΅· 6!( !¨ -:-!*µ% %·!%᾿¨/5῾·=!%( -!(+ =;=·(--6µ=·=+ %᾿%(-
!2-=(+ !*+ /¨(·Γ·῾%+ /%( !Γ· Ο=-µ(/)· ᾿·%(-῾Γ·[90],[91].

5.4.2 !¨·..-0µ·)23Ν !῝ΟΧ+(

Χ =·-Γµ.!Γ-* !*+ !=Θ·*!2+ ·¨*µ¨-:·*+ (artificial intelligence, AI) -!¨ ῟(/%-!(/6 /%(
·¨µ(/6 ᾿=5(Λ.··¨· ῟*µ(¨΅5΄=῾ ·Α%, -:·1=!% Υ*!2µ%!% =᾿%΄΄=·µ%!(/2+ =΅1:·*+ ΄(% 6·¨΅+
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5.4.2 3᾿%΄΄=·µ%!(/2 3΅1:·*

!¨΅+ =µ᾿·=/6µ=·¨΅+ Η¨5=῾+ : ῟(/%-!Α+, ῟(/*΄65¨΅+, ῟(¨(/*!(/. -!=·ΑΘ*, %··. /%( !=Θ·(/¨-
:+, =᾿(-!2µ¨·=+ ῟=῟¨µΑ·Γ· /%( ¨5΄%·(-µ¨:+ ᾿%5¨Θ2+ ΅᾿*5=-()· !=Θ·*!2+ ·¨*µ¨-:·*+ (AI
service providers). ῝= Α·% !Α!¨(¨ ᾿=5(Λ.··¨·, * ᾿%5%῟¨-(%/2 ·¨΄(/2 !*+ =᾿%΄΄=·µ%!(/2+
=΅1:·*+—᾿¨΅ Μ%-(Σ6!%· -!*· .µ=-* /%( =·Α΄;(µ* -ΘΑ-* µ=!%;: ᾿5.;*+ /%( %᾿¨!=·Α-µ%!¨-
+—%·!(µ=!Γ᾿῾Σ=( !¨· /῾·῟΅·¨ ῟(%Θ΅µΑ·*+ =΅1:·*+ (di"used liability) /%( -΅-!*µ(/2+ %Λ=Λ%(-
6!*!%+ [82], [93], [65].

0%!%5Θ.+, * Θ52-* LLMs -!¨ ᾿·%῾-(¨ !*+ ·¨µ(/2+ ᾿5%/!(/2+ ΟΑ!=( !¨ =5)!*µ% !*+ =΅-
Ο:·*+ ΄(% !΅Θ6· ·%·1%-µΑ·=+, =··(᾿=῾+ 2 µ=5¨·*᾿!(/Α+ %·΄¨5(1µ(/Α+ -΅-!.-=(+. ῭%56!(
¨ =᾿%΄΄=·µ%!῾%+ !¨΅ ῟(/%῾¨΅—῟(/%-!2+ 2 ῟(/*΄65¨+—῟(%!*5=῾ !΅᾿(/. !¨· !=·(/6 ·6΄¨ -!*
·2Κ* !*+ %᾿6∆%-*+, * %΅;%·6µ=·* ᾿¨·΅᾿·¨/6!*!% /%( ¨ 6΄/¨+ !Γ· %᾿¨!=·=-µ.!Γ· !Γ·
LLMs /%1(-!¨:· ¨·¨Α·% ῟΅-/¨·6!=5* !*· ᾿·25* %;(¨·6΄*-* /%( =᾿%·21=΅-* /.1= ᾿5¨-
!=(·6µ=·*+ ·:-*+. 9΅!6 =΄/΅µ¨·=῾ !¨· /῾·῟΅·¨ µ=!%/:·(-*+ !*+ =΅1:·*+ -= %·΄¨5(1µ(/.
-΅-!2µ%!% 2 -!¨΅+ ᾿5¨΄5%µµ%!(-!Α+, (῟῾Γ+ -= ᾿=5(Λ.··¨·!% %΅!¨µ%!¨᾿¨῾*-*+, 6᾿¨΅ * ᾿%-
ΤΑµΛ%-* !¨΅ %·15)᾿(·¨΅ ᾿%5.΄¨·!% ᾿=5(¨5῾Σ=!%( [82], [65].

Ε( ¨5΄%·(-µ¨῾ /%( ¨( ᾿.5¨Θ¨( !=Θ·*!2+ ·¨*µ¨-:·*+ (AI providers) /%·¨:·!%( ·% ῟(%-
µ¨5∆)-¨΅· -%∆=῾+ ᾿¨·(!(/Α+ =΅1:·*+ /%( ῟(%∆.·=(%+, µ= Μ.-* !(+ %5ΘΑ+ !*+ !=/µ*5῾Γ-*+,
!*+ auditability /%( !*+ %·(Θ·=΅-(µ6!*!%+ (traceability) /.1= %·΄¨5(1µ(/2+ ῟(%῟(/%-῾%+. Χ
΅᾿¨Θ5ΑΓ-* !25*-*+ %·%·΅!(/)· audit trails, * =᾿%5/2+ =·*µΑ5Γ-* !¨΅ !=·(/¨: Θ52-!* ΄(%
!* Η:-* /%( !¨΅+ ᾿=5(¨5(-µ¨:+ !¨΅ LLM, /%1)+ /%( * ῟΅·%!6!*!% challenge /.1= %·΄¨5(1-
µ(/2+ =(-2΄*-*+, %᾿¨!=·¨:· /5῾-(µ=+ %-∆%·(-!(/Α+ ῟(/·῾῟=+ ΄(% !*· /%!%·¨µ2 !*+ =΅1:·*+
[85], [65]. ,¨ =΅5Γ᾿%Π/6 ᾿·%῾-(¨ (EU AI Act) /%( * ῟(=1·2+ ᾿5%/!(/2 %᾿%(!¨:· ¨( !=·(/¨῾
Θ52-!=+ ·% ΑΘ¨΅· ᾿.·!% !* ῟΅·%!6!*!% !=/µ*5(ΓµΑ·*+ %·%-/6᾿*-*+ !Γ· outputs /%( ·% µ*·
=;%5!)·!%( %᾿¨/·=(-!(/. %᾿6 %·΄¨5(1µ(/Α+ =(-*΄2-=(+, =(῟(/. -= ΅᾿¨1Α-=(+ µ= -*µ%·!(/Α+
/¨(·Γ·(/Α+ 2 ¨(/¨·¨µ(/Α+ =᾿(᾿!)-=(+ [84], [85].

῝!¨ ᾿=῟῾¨ !*+ =᾿%΄΄=·µ%!(/2+ ῟=¨·!¨·¨΄῾%+, ¨( ῟(/*΄65¨( /%( ¨( ῟(/%-!Α+ ¨∆=῾·¨΅· ·%
῟(%-∆%·῾Σ¨΅· !* ῟(%∆:·%;* !*+ %·=;%5!*-῾%+ /%( !*+ %µ=5¨·*Κ῾%+ !¨΅+, %/6µ% /%( 6!%·
%;(¨᾿¨(¨:· =5΄%·=῾% !=Θ·*!2+ ·¨*µ¨-:·*+ (AI tools) -!*· /%1*µ=5(·2 ᾿5%/!(/2. 9΅!6 -΅-
·=᾿.΄=!%( =·=5΄2 %;(¨·6΄*-* !*+ %;(¨᾿(-!῾%+, !*+ !=Θ·(/2+ =᾿.5/=(%+ /%( !Γ· ᾿(1%·)· ᾿5¨-
/%!%·2Κ=Γ· (biases) !Γ· =5΄%·=῾Γ· ᾿¨΅ Θ5*-(µ¨᾿¨(¨:·!%(, /%1)+ /%( ῟(%5/2 =/᾿%῾῟=΅-*
-= ·Α=+ !=Θ·¨·¨΄῾=+ /%( -!(+ !=Θ·(/Α+ =;*΄*-(µ¨!*!%+ /%( =·Α΄Θ¨΅ [82], [93]. ῭%5.··*·%, Ο=-
-µ(/. /=῾µ=·% (6᾿Γ+ ¨( /)῟(/=+ ῟=¨·!¨·¨΄῾%+ ῟(/*΄65Γ· /%( ῟(/%-!)· -= Χ῭9, 33 /%( 0῾·%)
=µ᾿·¨΅!῾Σ¨·!%( ᾿·Α¨· µ= ῟(%!.;=(+ ᾿¨΅ ᾿5¨Λ·Α᾿¨΅· =΅1:·* ΄(% !*· %·6΄(-!* 2 %·=᾿%5/)+
!=/µ*5(ΓµΑ·* Θ52-* %·΄¨5(1µ(/)· -΅-!*µ.!Γ· [87], [93].

3(῟(/6 Υ2!*µ% %᾿¨!=·=῾ * =΅1:·* !Γ· !=Θ·(/)· (᾿5¨΄5%µµ%!(-!)·, =᾿(-!*µ6·Γ· ῟=-
῟¨µΑ·Γ·, ¨5΄%·(-µ)·). Χ ·%·1%-µΑ·* ᾿%5%µ=!5¨᾿¨῾*-*, * %·=᾿%5/2+ !=/µ*5῾Γ-* 2 *
%῟΅·%µ῾% ῟(%-∆.·(-*+ !*+ ῟(%∆.·=(%+ (transparency) /%( !*+ %µ=5¨·*Κ῾%+ (impartiality)
!¨΅ -΅-!2µ%!¨+ µ᾿¨5=῾ ·% =᾿(∆Α5=( ·¨µ(/Α+ -΅·Α᾿=(=+, (῟῾Γ+ -= ᾿=5(᾿!)-=(+ \·¨΄(-µ(/¨:
΅Κ*·¨: Τ῾-/¨΅" (high-risk software). Χ ΅(¨1Α!*-* ᾿5%/!(/)· responsible AI, * !25*-*
᾿5¨!:᾿Γ· auditing (ISO/IEC, IEEE), * =·-Γµ.!Γ-* ᾿5%/!(/)· human-in-the-loop /%( *
!=Θ·(/2 -΅µµ65∆Γ-* µ= !¨ =/.-!¨!= Τ΅1µ(-!(/6 ᾿·%῾-(¨ %᾿¨!=·¨:· ᾿·Α¨· %·%΄/%῾=+ ᾿5¨-
Ι᾿¨1Α-=(+ =᾿%΄΄=·µ%!(/2+ =΅1:·*+ /%( -΅µµ65∆Γ-*+ [85], [55].

Χ ῟(=1·2+ =µ᾿=(5῾% ῟=῾Θ·=( 6!( * Α··=(Κ* -%∆)· ᾿·%(-῾Γ· =΅1:·*+ =·ΑΘ=( -¨Λ%5¨:+
/(·῟:·¨΅+ -!* ΄·Γ-!2 ΅᾿61=-* COMPAS 6᾿Γ+ ΑΘ¨΅µ= %·%∆Α5=(, * %῟΅·%µ῾% =·Α΄Θ¨΅ /%(
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0=∆.·%(¨ 5. Ψ΅1µ(-!(/6 /%( *1(/6 ᾿·%῾-(¨

῟(%∆.·=(%+ (transparency) !¨΅ %·΄¨5῾1µ¨΅ ¨῟2΄*-= -= ῟΅-/¨·῾=+ %᾿6῟¨-*+ =΅1:·*+ !6-¨
-!¨΅+ developers 6-¨ /%( -!¨΅+ !=·(/¨:+ Θ52-!=+, %·%῟=(/·:¨·!%+ !*· %·.΄/* Ο=-µ(/2+
ΟΓ5./(-*+ !*+ =᾿%΄΄=·µ%!(/2+ =΅1:·*+ -= 6·% !% -!.῟(% !¨΅ /:/·¨΅ ΥΓ2+ !*+ !=Θ·*!2+
·¨*µ¨-:·*+ (AI lifecycle) [85], [65]. 9·!῾-!¨(Θ%, !% \smart courts" -!*· 0῾·% ῟=῾Θ·¨΅· ᾿Γ+
* µ=!%!6᾿(-* !*+ =΅1:·*+ -!¨· /5%!(/6 Η¨5Α% 2 -!¨· ᾿5¨΄5%µµ%!(-!2=΄=῾5=( -*µ%·!(/.
=5Γ!2µ%!% Γ+ ᾿5¨+ !* ·¨΄¨῟¨-῾% (accountability) /%( !¨· -=Λ%-µ6 !Γ· ῟(/%(Γµ.!Γ· !¨΅
᾿¨·῾!* [87], [65].

῝΅·¨Κ῾Σ¨·!%+, * =᾿%΄΄=·µ%!(/2 =΅1:·* -!*· =᾿¨Θ2 !*+ ·¨µ(/2+ !=Θ·*!2+ ·¨*µ¨-:·*+
=῾·%( -:·1=!*, ᾿¨·΅=᾿῾᾿=῟* /%( ῟(=᾿(-!*µ¨·(/2. 9᾿%(!=῾ -%∆2 /%!%·¨µ2 Τ6·Γ· /%( =΅-
Ο΅·)· µ=!%;: ·¨µ(/)· =᾿%΄΄=·µ%!()· /%( !=Θ·(/)· Η¨5ΑΓ·, -΅·=Θ2 =/᾿%῾῟=΅-*, ῟(.Θ΅-*
!*+ ῟(%∆.·=(%+ (transparency) /%( !Γ· auditing ᾿5%/!(/)·, /%( ῟(%5/2 -΅µµ65∆Γ-* µ= !¨
Τ΅1µ(-!(/6 /%( *1(/6 ᾿·%῾-(¨ /.1= Α··¨µ*+ !.;*+.

5.4.3 ,5+)60· 800(0-¨΅῭%·΄(Κ 723·΄)Ν-80.5%΅Οµ5῝

Χ =;Α·(;* !Γ· µ¨·!Α·Γ· %··*·=᾿῾῟5%-*+ µ=!%;: ῟(/%-!2 /%( !=Θ·*!2+ ·¨*µ¨-:·*+ ῟=·
-΅·(-!. %᾿·)+ µ(% !=Θ·¨·¨΄(/2 µ=!.Λ%-*, %··. %·%῟=(/·:=( Ο=µ=·()῟* =5Γ!2µ%!% ΄(% !¨
Τ6·¨, !*· %·=;%5!*-῾%, /%( !* Ο=-µ(/2 ·¨΄¨῟¨-῾% !¨΅ %·15)᾿(·¨΅ ᾿%5.΄¨·!% -!¨ ·Α¨, ΅-
Μ5(῟(/6 ¨(/¨-:-!*µ% !*+ %᾿¨·¨µ2+ ῟(/%(¨-:·*+. Χ ῟(=1·2+ =µ᾿=(5῾% %᾿¨῟=(/·:=( 6!( * ΅-
(¨1Α!*-* /.1= µ¨·!Α·¨΅ -Θ=!῾Σ=!%( µ= ῟(%∆¨5=!(/6 Μ%1µ6 /%(·¨!¨µ῾%+, Ο=-µ(/2+ %-∆.·=(%+
/%( /¨(·Γ·(/2+ %᾿¨῟¨Θ2+.

῝= %΅!6 !¨ µ¨·!Α·¨, ¨ %·΄65(1µ¨+ ᾿%5ΑΘ=( ᾿·*1)5% ᾿·*5¨∆¨5()· : %·%·:=( ῟(/%-!(/.
᾿5¨*΄¨:µ=·%, ΅᾿¨῟=(/·:=( -Θ=!(/. ·¨µ(/. ᾿56!΅᾿%, -΅·1Α!=( /%( -΅΄/5῾·=( ῟(%∆¨5=!(/Α+
=/῟¨ΘΑ+ ·¨µ¨·¨΄῾%+ 2 %·%΄·Γ5῾Σ=( µ¨!῾Λ% -= µ=΄.·% -:·¨·¨ ῟=῟¨µΑ·Γ·. ,¨ ᾿%5%΄)µ=·¨
%᾿¨!Α·=-µ% ᾿%5¨΅-(.Σ=!%( -!¨· ῟(/%-!2 Γ+ Ν᾿56!%-*Ν 2 :᾿6῟=(;*Ν, ΘΓ5῾+ ῟=-µ=΅!(/2 (-Θ:. Ε
%·15)᾿(·¨+ ᾿%5.΄¨·!%+ ᾿%5%µΑ·=( /΅5῾%5Θ¨+ :

• 9;(¨·¨΄=῾, %µ∆(-Λ*!=῾ 2 %΄·¨=῾ !¨ %·΄¨5(1µ(/6 %᾿¨!Α·=-µ% Μ.-=( !*+ ῟(/2+ !¨΅ =µ᾿=(-
Τ῾%+, /5῾-*+ /%( /%!%·6*-*+ !*+ ΅᾿61=-*+

• 3·(-Θ:=( !*· !%Θ:!*!% /%( ᾿·*56!*!% !*+ ·¨µ(/2+ Α5=΅·%+, =᾿(!5Α᾿¨·!%+ !*· /.·΅Κ*
᾿¨·: µ=΄%·:!=5*+ ᾿·*5¨∆¨5῾%+ %᾿6 6,!( 2!%· µΑΘ5( ᾿56!(·¨+ =∆(/!6.

• 3;%-∆%·῾Σ=( !* ῟(%!25*-* !¨΅ %·15)᾿(·¨΅ /5(!*5῾¨΅ Γ+ \!=·(/¨: Η5%΄µ¨:" (Η(·%·
-%∆=΄΅%5῟) %᾿Α·%·!( -= !=Θ·(/. ·.1* 2 Μ(%+ !Γ· %·΄¨5῾1µΓ·

• ῭5¨.΄=( !* Ο=-µ(/2 ῟(%∆.·=(% /%( =µ᾿(-!¨-:·*, /%1)+ ¨ ῟(/%-!2+ µ᾿¨5=῾ ·% =·Α΄;=(
᾿·25Γ+ !¨· !56᾿¨ =·-Γµ.!Γ-*+ !Γ· %·΄¨5(1µ(/)· -΅-!.-=Γ· -!* ῟(/%·(/2 !¨΅ -/ΑΚ*

῝!(+ Χ῭9 /%( !*· 3΅5)᾿*, * ᾿·=(¨Κ*∆῾% !Γ· =5΄%·=῾Γ· ·¨µ(/2+ Μ¨21=(%+ (legal research
tools) ·=(!¨΅5΄=῾ -= %΅!6 !¨ µ¨·!Α·¨ (᾿.Θ. Westlaw Edge, Lexis+ µ= AI-powered search). Ε
῟(/%-!2+ Θ5*-(µ¨᾿¨(=῾ !¨ LLMs Γ+ Α;΅᾿·¨ Μ¨*16 ΄(% ·% =·!¨᾿῾-=( ᾿5¨*΄¨:µ=·% 2 =5µ*·=῾=+,
%··. * !=·(/2 =5µ*·=῾% /%( * =΅1:·* ᾿%5%µΑ·¨΅· ῟(/Α+ !¨΅ [93], [55].

,¨ ΅Λ5(῟(/6 µ¨·!Α·¨ -*µ%!¨῟¨!=῾ µ(% ᾿(¨ -!=·2 -΅·=5΄%-῾% : ¨ %·΄65(1µ¨+ ·%µΛ.·=(
᾿5¨/%!%5/!(/Α+ %᾿¨∆.-=(+ 2 ᾿%5.΄=( ᾿5¨-ΘΑ῟(% %᾿¨∆.-=Γ·, !% ¨᾿¨῾% ¨ ῟(/%-!2+ ¨∆=῾·=(
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5.4.3 4¨·!Α·% 9··*·=᾿῾῟5%-*+ 7(/%-!2-9·΄¨5῾1µ¨΅

·% %·%-/¨᾿2-=(, ·% -Θ¨·(.-=( 2 ·% =΄/5῾·=(. ῝= %΅!2 !* ῟(%῟(/%-῾%, ¨ ῟(/%-!2+ ·=(!¨΅5΄=῾
Γ+ %;(¨·¨΄*!2+ !6-¨ !*+ ᾿¨(6!*!%+ !¨΅ %·΄¨5(1µ(/¨: -΅··¨΄(-µ¨: (reasoning) 6-¨ /%( !*+
¨516!*!%+ !¨΅ %᾿¨!=·Α-µ%!¨+. 3·-Γµ%!)·¨·!%( µ*Θ%·(-µ¨῾ %·(Θ·=΅-(µ6!*!%+ (traceability),
(-!¨5(/¨: =·Α΄Θ¨΅ (audit trails) /%( ῟΅·%!6!*!% %µ∆(-Λ2!*-*+ (challenge) 6Θ( µ6·¨ %᾿6 !¨·
῾῟(¨ !¨· ῟(/%-!2 %··. /%(, ΅᾿6 ᾿5¨Ι᾿¨1Α-=(+, %᾿6 !¨΅+ ῟(%῟῾/¨΅+.

,% ᾿·=¨·=/!2µ%!% !¨΅ ΅Λ5(῟(/¨: µ¨·!Α·¨΅ =῾·%( ᾿¨··%᾿·.. ῭5)!¨·, %΅;.·=( !*· %᾿¨-
῟¨!(/6!*!% !*+ ῟(/%-!(/2+ ·=(!¨΅5΄῾%+, /%1)+ %΅!¨µ%!¨᾿¨(=῾ µ=΄.·¨ µΑ5¨+ !Γ· =᾿%·%·%µ-
Μ%·6µ=·Γ· ῟(%῟(/%-()·, ῟(%!*5)·!%+ 6µΓ+ !¨· ¨΅-(%-!(/6 %·15)᾿(·¨ Α·=΄Θ¨. 3᾿(᾿·Α¨·,
΅·¨᾿¨(=῾ -!*· ᾿5.;* !*· %5Θ2 !¨΅ human-in-the-loop, 6᾿Γ+ %᾿%(!=῾ ¨ =΅5Γ᾿%Π/6+ ·¨µ¨-
ΟΑ!*+ (AI Act), ῟(%-∆%·῾Σ¨·!%+ 6!( ¨ .·15Γ᾿¨+ ΑΘ=( !¨· !=·(/6 ·6΄¨ -= /5῾-(µ=+ %᾿¨∆.-=(+
[85]. ,Α·¨+, ῟(=΅/¨·:·=( !* -΅·=Θ2 Μ=·!῾Γ-* !Γ· %·΄¨5(1µ(/)· -΅-!*µ.!Γ·, µΑ-Γ Μ56ΘΓ·
%·%!5¨∆¨῟6!*-*+ (feedback loops) /%( =᾿¨᾿!=΅6µ=·*+ µ.1*-*+ (supervised learning) %᾿6
!(+ %᾿¨∆.-=(+ /%( !(+ ῟(¨51)-=(+ !Γ· ῾῟(Γ· !Γ· ῟(/%-!)·.

Χ 3-1¨·῾%[95] %᾿¨!=·=῾ ᾿5Γ!¨᾿65¨ ᾿=5῾᾿!Γ-*, /%1)+ !¨ ᾿56΄5%µµ% Τ¨µ᾿¨!(/6+ ῟(-
/%-!2+ (robot judge) ᾿5¨Λ·Α᾿=( !*· %΅!6µ%!* =/῟῾/%-* µ(/5¨῟(%∆¨5)·. ῎-!6-¨, /.1= %-
᾿6∆%-* ΅᾿6/=(!%( -= Α·=΄Θ¨ /%( µ᾿¨5=῾ ·% %·%!5%᾿=῾ %᾿6 %·15)᾿(·¨ ῟(/%-!2, =·) /.1=
%·΄¨5(1µ(/6 %᾿¨!Α·=-µ% (output) /%!%΄5.∆=!%( µ= (-!¨5(/6 =·Α΄Θ¨΅ (audit trail) ΄(% =/ !Γ·
΅-!Α5Γ· (ex post) =᾿%·=;Α!%-*

῝!¨ µ¨·!Α·¨ !*+ %΅!¨µ%!¨᾿¨(*µΑ·*+ %᾿6∆%-*+ (Automated/Default Decision), * %-
᾿6∆%-* ·%µΛ.·=!%( -Θ=῟6· %᾿¨/·=(-!(/. %᾿6 !% LLMs 2 !¨ =΅5:!=5¨ -:-!*µ% !=Θ·*!2+
·¨*µ¨-:·*+, /΅5῾Γ+ -= !΅᾿¨᾿¨(*µΑ·=+, Θ%µ*·¨: Τ῾-/¨΅ ΅᾿¨1Α-=(+, 6᾿Γ+ =῾·%( !% tra!c
fines 2 ¨( microclaims. Ε Τ6·¨+ !¨΅ ῟(/%-!2 ᾿=5(¨5῾Σ=!%( -!* ῟΅·%!6!*!% ᾿%5ΑµΛ%-*+ µ6·¨
-= ᾿=5῾᾿!Γ-* .-/*-*+ Α·-!%-*+ (challenge) 2 %· %·%/:Κ=( Υ2!*µ% ·¨µ(µ6!*!%+ 2 -∆.·µ%-
!¨+.

,% Μ%-(/. ᾿·=¨·=/!2µ%!% !¨΅ µ¨·!Α·¨΅ ᾿=5(·%µΛ.·¨΅· !*· !=5.-!(% =;¨(/¨·6µ*-*
Θ56·¨΅ /%( ᾿65Γ·, /%1)+ /%( !* -*µ%·!(/2 µ=῾Γ-* !¨΅ Η65!¨΅ =5΄%-῾%+ ΄(% !% ῟(/%-!25(%,
(῟(%῾!=5% -!(+ =᾿%·%·%µΛ%·6µ=·=+ /%( !΅᾿¨᾿¨(*µΑ·=+ ΅᾿¨1Α-=(+. 3᾿(᾿·Α¨·, * ῟(%῟(/%-῾%
΄῾·=!%( -%∆Α-!=5* /%( ᾿=5(--6!=5¨ !΅᾿¨᾿¨(*µΑ·*, ῟(=΅/¨·:·¨·!%+ !*· !%Θ=῾% ῟(=/᾿=5%῾Γ-*.

῎-!6-¨, !¨ -΅΄/=/5(µΑ·¨ µ¨·!Α·¨ -΅·¨῟=:=!%( %᾿6 -¨Λ%5¨:+ /(·῟:·¨΅+ /%( ᾿5¨/·2-=(+.
Χ /:5(% %·*-΅Θ῾% %∆¨5. !*· %᾿¨µ./5΅·-* %᾿6 !*· %5Θ2 !*+ =;%!¨µ(/=΅µΑ·*+ /5῾-*+ /%(
!¨ ῟(/%῾Γµ% %/56%-*+ /.1= ῟(.῟(/¨΅, =·) * ῟΅-/¨·῾% %᾿6῟¨-*+ =΅1:·*+ -= ᾿=5(᾿!)-=(+
-∆%·µ.!Γ· 2 ᾿5¨/%!%·2Κ=Γ· ᾿%5%µΑ·=( .·΅!¨ Υ2!*µ%. 3᾿῾-*+, -= ᾿¨··. -΅-!2µ%!% ᾿=-
Τ(¨5῾Σ=!%( * ῟΅·%!6!*!% Α·-!%-*+, =(῟(/. %· ῟=· ΅᾿.5Θ¨΅· =᾿%5/=῾+ Ο=-µ(/¨῾ µ*Θ%·(-µ¨῾
᾿5¨-!%-῾%+ [87], [65].

Ζ%5%/!*5(-!(/6 ᾿%5.῟=(΄µ% %᾿¨!=·=῾ * 0῾·%, 6᾿¨΅ !% Α;΅᾿·% ῟(/%-!25(% ῟(%Θ=(5῾Σ¨·!%(
%΅!6µ%!% Θ(·(.῟=+ ΅᾿¨1Α-=(+ µ(/5)· ῟(%∆¨5)·, µ= !* -΅µµ=!¨Θ2 !¨΅ ῟(/%-!2 ·% ᾿=5(¨5῾Σ=!%(
-= ᾿=5(᾿!)-=(+ Α·-!%-*+ 2 6!%· %·%/:᾿!=( -¨Λ%56 ·¨µ(/6 =5)!*µ% [87], [65].

Β(% !*· =·῾-Θ΅-* !*+ %··*·=᾿῾῟5%-*+ %·15)᾿¨΅ /%( -΅-!*µ.!Γ· !=Θ·*!2+ ·¨*µ¨-:·*+,
΅(¨1=!¨:·!%( µ(% -=(5. %᾿6 =;=(῟(/=΅µΑ·=+ !=Θ·(/Α+ /%( ᾿5%/!(/Α+. ῭5)!%, * =᾿=;*΄2-(µ*
!=Θ·*!2 ·¨*µ¨-:·* (Explainable AI) ῟῾·=( Αµ∆%-* -!*· ᾿%5¨Θ2 ¨᾿!(/¨᾿¨(2-=Γ· (visualiza-
tions), %·.·΅-*+ Μ2µ%-Μ2µ% (step-by-step reasoning) /%( -΅-!*µ%!(/2+ ᾿%5%/¨·¨:1*-*+
!Γ· ᾿*΄)· (citation tracking), )-!= ¨ ῟(/%-!2+ ·% µ᾿¨5=῾ ·% /%!%·¨=῾ !¨ -/=᾿!(/6 !*+ %·΄¨-
Τ(1µ(/2+ -:-!%-*+ [55].
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3᾿(᾿·Α¨·, =∆%5µ6Σ¨·!%( µ*!5)% =·Α΄Θ¨΅ /%( %5Θ=῾Γ· /%!%΄5%∆2+ (audit trails and
logs), !% ¨᾿¨῾% ῟(%-∆%·῾Σ¨΅· !*· %΅!6µ%!* /%!%΄5%∆2 6·Γ· !Γ· =(-5¨)·, !Γ· ᾿%5%µΑ!5Γ·
/%( !Γ· ·*∆1Α·!Γ· %᾿¨∆.-=Γ·. 9΅!6 =᾿(!5Α᾿=( !¨· µ=!Α᾿=(!% Α·=΄Θ¨ !*+ ·¨µ(µ6!*!%+ /%( !*+
%(!(¨·6΄*-*+ !Γ· -΅-!.-=Γ· [65]. ῝*µ%·!(/6 Τ6·¨ ΑΘ¨΅· =᾿῾-*+ ¨( /:/·¨( %·%!5¨∆¨῟6!*-*+
(feedback loops), 6᾿¨΅ ¨( =᾿(·¨΄Α+ /%( !% -Θ6·(% !Γ· ῟(/%-!)· !5¨∆¨῟¨!¨:· !¨ -:-!*µ%,
=᾿(!5Α᾿¨·!%+ !*· =᾿¨᾿!=΅6µ=·* ᾿5¨-%5µ¨΄2 (supervised fine-tuning) µ= ῟(%5/2 ·¨µ(/2
=᾿῾Λ·=Κ*.

῝΅·¨·(/., * %·.·΅-* !Γ· µ¨·!Α·Γ· %··*·=᾿῾῟5%-*+ (interaction models) =᾿(Λ=Λ%()·=(
6!( !¨ µΑ··¨· !*+ ῟(/%(¨-:·*+ ῟=· %·2/=( ¨:!= -!*· ᾿·25* %΅!¨µ%!¨᾿¨῾*-* (full automa-
tion) ¨:!= -!* ῟(%!25*-* !*+ ᾿%5%῟¨-(%/2+ ᾿5%/!(/2+, %··. -!* ῟΅·%µ(/2 -΅·=5΄%-῾%
%·15)᾿(·*+ /5῾-*+ /%( %·΄¨5(1µ(/2+ /%(·¨!¨µ῾%+. Χ =᾿(·¨΄2 µ¨·!Α·¨΅ =;%5!.!%( !6-¨ %᾿6
!¨ Ο=-µ(/6 /%( /¨(·Γ·(/6 ᾿·%῾-(¨ 6-¨ /%( %᾿6 !¨ =῾῟¨+ !*+ ΅᾿61=-*+.

,% -΅µΛ¨΅·=΅!(/. /%( ΅Λ5(῟(/. µ¨·!Α·%, µ= =·(-Θ΅µΑ·* %·15)᾿(·* =᾿¨᾿!=῾% (human
oversight), ῟(%-∆%·῾Σ¨΅· µ=΄%·:!=5* ῟(%∆.·=(% (transparency), ·¨΄¨῟¨-῾% (accountability)
/%( /¨(·Γ·(/2 %᾿¨῟¨Θ2, %;(¨᾿¨()·!%+ !%΅!6Θ5¨·% !(+ ῟΅·%!6!*!=+ !*+ !=Θ·*!2+ ·¨*µ¨-:·*+
(AI) ΄(% %·.·΅-* ῟=῟¨µΑ·Γ· /%( =·῾-Θ΅-* !*+ %᾿¨῟¨!(/6!*!%+ (e!ciency). 9·!῾1=!%, !%
᾿·25Γ+ %΅!¨µ%!¨᾿¨(*µΑ·% µ¨·!Α·% (fully automated models) %᾿%(!¨:· %΅-!*5¨:+ ᾿=5(¨5(-
-µ¨:+ Γ+ ᾿5¨+ !* Θ52-* /%( !* ῟΅·%!6!*!% =·Α΄Θ¨΅.

Χ ᾿5%΄µ%!(/2 ᾿56/·*-* ΄(% !% µ=··¨·!(/. ῟(/%-!(/. -΅-!2µ%!% =῾·%( ·% =·(-Θ:-¨΅· !*
-΅·=5΄%-῾% %·15)᾿¨΅ /%( !=Θ·*!2+ ·¨*µ¨-:·*+ (AI) µΑ-% %᾿6 ῟(%∆%·=῾+, =᾿%·*1=:-(µ¨΅+
(verifiable) /%( Ο=-µ(/. ᾿5¨-!%!=΅µΑ·¨΅+ µ*Θ%·(-µ¨:+ %··*·=᾿῾῟5%-*+, ῟(%-∆%·῾Σ¨·!%+ !*
῟(/%(¨-:·* /%( !¨· -=Λ%-µ6 !Γ· Ο=µ=·(Γ῟)· ῟(/%(Γµ.!Γ·.

5.5 Φ%530Ν΄-2Κ !Π·%µ5.ΝΚ ,-./0*+ 10*΄΄234+ ,5+)60*+ ΄)5

!00(+23Μ ᾿5µ23Μ Φ0·΅΄25

Χ =∆%5µ¨΄2 4=΄.·Γ· Β·Γ--(/)· 4¨·!Α·Γ· -!¨ =··*·(/6 ·¨µ(/6 -:-!*µ% ᾿%5¨΅-(.Σ=(
µ῾% -=(5. %᾿6 ᾿¨·΅=᾿῾᾿=῟=+ ᾿5¨/·2-=(+, ᾿¨΅ -Θ=!῾Σ¨·!%( !6-¨ µ= !* ΄·Γ--(/2 (῟(%(!=56!*!%
6-¨ /%( µ= !(+ Ο=-µ(/Α+ /%( ΅᾿¨῟¨µ(/Α+ -΅·12/=+ !*+ Θ)5%+. ῭%5. !*· ᾿56¨῟¨ !*+ !=Θ·*!2+
·¨*µ¨-:·*+ -!¨ ᾿=῟῾¨ !*+ ·¨µ(/2+ ᾿·*5¨∆¨5(/2+, * =··*·(/2 ᾿=5῾᾿!Γ-* ᾿%5%µΑ·=( =· µΑ5=(
%᾿¨µ¨·ΓµΑ·*, /%1)+ Θ%5%/!*5῾Σ=!%( %᾿6 -*µ%·!(/Α+ =··=῾Κ=(+ -= ᾿65¨΅+, ῟=῟¨µΑ·% /%(
!΅᾿¨᾿¨(*µΑ·% Ο=-µ(/. ᾿·%῾-(%.

Χ =··*·(/2 ΄·)--% /%!%!.--=!%( -!(+ ΄·)--=+ Θ%µ*·)· ᾿65Γ· (low-resource lan-
guages) ΄(% !% ᾿=5(--6!=5% ᾿%΄/6-µ(% µ¨·!Α·%, µ= %᾿¨!Α·=-µ% * =/᾿%῾῟=΅-*, * Τ:1µ(-
-* (fine-tuning) /%( * =∆%5µ¨΄2 !¨΅+ ·% ᾿%5¨΅-(.Σ¨΅· %(-1*!. Θ%µ*·6!=5* %᾿6῟¨-* -=
-:΄/5(-* µ= !% %΄΄·(/. 2 .··=+ /΅5῾%5Θ=+ ΄·)--=+ [96]. Χ ᾿=5(¨5(-µΑ·* ῟(%1=-(µ6!*!%
·¨µ(/)· ῟=῟¨µΑ·Γ· ΅Κ*·2+ ᾿¨(6!*!%+ -!% =··*·(/., -= -΅·῟΅%-µ6 µ= !*· %᾿¨΅-῾% =1·(/)·
᾿5Γ!¨Λ¨΅·()· ΄(% %·¨(/!. /%( /%1%5. ·¨µ(/. -:·¨·% ῟=῟¨µΑ·Γ· (legal datasets), =µ᾿¨῟῾Σ=(
!* ῟*µ(¨΅5΄῾% =;=(῟(/=΅µΑ·Γ· µ¨·!Α·Γ· ΄(% !¨ =··*·(/6 ῟῾/%(¨.

3᾿(᾿·Α¨·, 6᾿Γ+ =᾿(Λ=Λ%()·=!%( -= ᾿56-∆%!=+ µ=·Α!=+, %/6µ% /%( Μ%-(/Α+ =5΄%-῾=+ 6᾿Γ+
* %΅!6µ%!* ᾿=5῾·*Κ* ῟(/%-!(/)· %᾿¨∆.-=Γ· ᾿%5¨΅-(.Σ¨΅· (῟(%῾!=5=+ ῟΅-/¨·῾=+ -!% =··*-
·(/., µ= !% ΅᾿.5Θ¨·!% µ¨·!Α·% ·% %᾿¨!΅΄Θ.·¨΅· -!* ῟(%!25*-* !*+ ¨΅-῾%+ /%( !*+ !=/µ*-
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Τ῾Γ-*+ !¨΅ -΅··¨΄(-µ¨: [97]. Χ %·.΄/* ΄(% %·.᾿!΅;* -!¨Θ=΅µΑ·Γ· =5΄%·=῾Γ· =᾿=;=5΄%-῾%+
·¨µ(/¨: /=(µΑ·¨΅ -!% =··*·(/. =῾·%( /5῾-(µ*, /%1)+ * ΄·Γ--(/2 %/5῾Λ=(% %᾿¨!=·=῾ ᾿5¨-
Ι᾿61=-* ΄(% /.1= =῾῟¨΅+ ·¨µ(/2 =∆%5µ¨΄2.

4῾% %/6µ% -*µ%·!(/2 ᾿56/·*-* %∆¨5. !*· %᾿¨΅-῾% ῟*µ6-(%+ /%( Ο=-µ(/. =΄/=/5(-
µΑ·*+ ᾿56-Λ%-*+ -= =/!=!%µΑ·% -:·¨·% ·¨µ(/)· ῟=῟¨µΑ·Γ·, /%1)+ µ=΄.·¨ µΑ5¨+ !*+ =··*-
·(/2+ ·¨µ¨·¨΄῾%+ ᾿%5%µΑ·=( =῾!= µ* ῟*µ¨-(=΅µΑ·¨ =῾!= µ* ῟¨µ*µΑ·¨ µ= /%!.··*·% µ=!%῟=-
῟¨µΑ·% [98]. ,¨ ΄=΄¨·6+ %΅!6 ῟΅-Θ=5%῾·=( !6-¨ !*· ᾿¨(¨!(/2 =/᾿%῾῟=΅-* !Γ· LLMs 6-¨ /%(
!* ῟΅·%!6!*!% =·Α΄Θ¨΅, ῟(%∆.·=(%+ /%( =᾿%·%·*Κ(µ6!*!%+ -!(+ %᾿¨∆.-=(+ !¨΅+.

Χ Α··=(Κ* =᾿%5/¨:+ -Θ¨·(%-µΑ·¨΅ ΅·(/¨: (annotated datasets) -= -΅·῟΅%-µ6 µ= !*
µ* !΅᾿¨᾿¨(*µΑ·* ΄·Γ--(/2 µ¨5∆2 !Γ· %᾿¨∆.-=Γ· – ᾿¨΅ -΅Θ·. ᾿=5(ΑΘ¨΅· %᾿¨-᾿%-µ%!(/Α+
2 (῟(Γµ%!(/Α+ =/∆5.-=(+ – ῟*µ(¨΅5΄=῾ =µ᾿6῟(% -!* ΄=·῾/=΅-* !Γ· µ¨·!Α·Γ·, /%1)+ /%(
-!*· %-∆%·2 Θ52-* !¨΅+ ΄(% ΅᾿¨Λ¨21*-* -!* ·¨µ(/2 ᾿5%/!(/2 2 -!* -:·!%;* ῟(/%-!(/)·
=΄΄5.∆Γ·.

,¨ =··*·(/6 ·¨µ(/6 -:-!*µ% ῟=· %/¨·¨΅1=῾ ῟¨΄µ%!(/. !¨ %΄΄·¨-%;¨·(/6 ᾿56!΅᾿¨ ῟=-
-µ=΅!(/¨: ῟=῟(/%-µΑ·¨΅ (binding precedent) %··. =·-Γµ%!)·=( -!¨(Θ=῾% %᾿6 !* ΤΓµ%Π/2-
*᾿=(5Γ!(/2 ᾿%5.῟¨-*. 9΅!6 -*µ%῾·=( 6!( * ·¨µ¨·¨΄῾% ΑΘ=( ᾿=5(¨5(-µΑ·* ῟=-µ=΅!(/6!*!% /%(
µ=΄%·:!=5* ῟(%/:µ%·-*, ΄=΄¨·6+ ᾿¨΅ ῟*µ(¨΅5΄=῾ ῟΅-/¨·῾=+ ΄(% µ¨·!Α·% ᾿¨΅ -!*5῾Σ¨·!%(
-= ᾿5¨Λ·=᾿!(/6!*!%, -΅·Α᾿=(% /%( ᾿5¨*΄¨:µ=·=+ %᾿¨∆.-=(+ [99].

3᾿(᾿·Α¨·, ῟=· ΅᾿.5Θ=( =᾿῾-*µ% %·%΄·Γ5(-µΑ·¨ ᾿56!΅᾿¨ ΄(% !* µ¨5∆2 /%( !* ῟¨µ2 !Γ·
%᾿¨∆.-=Γ·, µ= %᾿¨!Α·=-µ% ·% ᾿%5%!*5=῾!%( Α··=(Κ* -΅·Α᾿=(%+ -!* ῟(%!:᾿Γ-* !Γ· ᾿5%΄µ%-
!(/)· ᾿=5(-!%!(/)·, !Γ· ·¨µ(/)· =᾿(Θ=(5*µ.!Γ· /%( !Γ· ῟(%!.;=Γ· ᾿¨΅ =∆%5µ6Σ¨·!%(. 9΅!6
῟΅-Θ=5%῾·=( !*· =;%΄Γ΄2 -΅µ᾿=5%-µ.!Γ· %᾿6 !% LLMs /%( µ=()·=( !*· %;(¨᾿(-!῾% !¨΅+ -=
᾿5%/!(/Α+ =∆%5µ¨΄Α+ [5].

9· /%( * 3··.῟% ¨῟=:=( ᾿5¨+ !*· =∆%5µ¨΄2 !¨΅ 0%·¨·(-µ¨: ,=Θ·*!2+ Φ¨*µ¨-:·*+ !*+
33 (AI Act), -= =1·(/6 =᾿῾᾿=῟¨ ᾿%5%µΑ·=( /=·6 Γ+ ᾿5¨+ !* ΟΑ-᾿(-* =(῟(/)· Τ΅1µ῾-=Γ· ΄(%
!*· %;(¨᾿¨῾*-* !Γ· LLMs -= ῟(/%-!(/. ᾿=5(Λ.··¨·!%. 7=· ΅᾿.5Θ¨΅· %/6µ* µ*Θ%·(-µ¨῾ ᾿(-
-!¨᾿¨῾*-*+, ῟(%∆.·=(%+ 2 =΅1:·*+ ᾿¨΅ ·% /%·:᾿!¨΅· !*· =(῟(/2 Θ52-* %΅!)· !Γ· µ¨·!Α·Γ·
΄(% !* -:·!%;* ·¨µ(/)· ΄·Γµ¨῟¨!2-=Γ·, ΄(% !*· %΅!¨µ%!¨᾿¨(*µΑ·* =᾿=;=5΄%-῾% ΅᾿¨1Α-=Γ·
2 ΄(% !* -:·!%;* ᾿5¨-Θ=῟῾Γ· %᾿¨∆.-=Γ·.

Χ %·.΄/* Ο=-µ(/2+ ᾿5¨-%5µ¨΄2+ %·%῟=(/·:=!%( Γ+ =᾿=῾΄¨΅-%, 6Θ( µ6·¨ ΄(% ·6΄¨΅+
῟(%∆.·=(%+ /%( ·¨΄¨῟¨-῾%+ %··. /%( ΄(% !*· =·῾-Θ΅-* !*+ =µ᾿(-!¨-:·*+ !Γ· =᾿%΄΄=·µ%!()·
!¨΅ ῟(/%῾¨΅ %᾿Α·%·!( -= =5΄%·=῾% !=Θ·*!2+ ·¨*µ¨-:·*+. Χ =µ᾿=(5῾% .··Γ· ΘΓ5)· ῟=῾Θ·=( 6!(
* %᾿¨΅-῾% -%∆¨:+ ᾿·%(-῾¨΅ ¨῟*΄=῾ =῾!= -= ΅᾿=5=;.5!*-* %᾿6 %῟(%∆%·=῾+ !=Θ·¨·¨΄῾=+ =῾!=
-= -΅·!*5*!(/2 %᾿655(Κ* !*+ /%(·¨!¨µ῾%+.

5.6 Β῝µ¨-%/΄µ·)·

῏·Α᾿¨·!%+ !* µ=΄.·* =(/6·%, ΄῾·=!%( Η%·=56 6!( * -΅Σ2!*-* ΄(% !¨ Τ΅1µ(-!(/6 !¨᾿῾¨ !*+
!=Θ·*!2+ ·¨*µ¨-:·*+ -!¨ ῟῾/%(¨ ;=᾿=5·. /%!. ᾿¨·: !% -!=·. 65(% !Γ· ·¨µ¨1=!(/)· ᾿(·΄/-
᾿¨·΄/ /%( !Γ· Ο=-µ(/)· %·!%΄Γ·(-µ)·. Φ%(, * 3΅5)᾿* =᾿=·῟:=( -= %΅-!*5¨:+ Ο=-µ¨:+,
¨( Χ῭9 -!*5῾Σ¨·!%( ᾿=5(--6!=5¨ -!¨ +%-= ·%Γ /%( -!*· %΄¨5., =·) * 0῾·% ΅(¨1=!=῾ /5%!(/.
/=·!5(/6 Α·=΄Θ¨ /%( =᾿¨᾿!=῾%. 0%1=µ῾% %᾿6 %΅!Α+ !(+ ᾿5¨-=΄΄῾-=(+ Η%·=5)·=( !6-¨ !(+
᾿¨·(!(-µ(/Α+ 6-¨ /%( !(+ Ο=-µ(/Α+ ᾿5¨!=5%(6!*!=+ /.1= /¨(·Γ·῾%+, %··. /%( !% ῟¨µ(/. !¨΅+
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=··=῾µµ%!%.
,¨ ῟(%/:Λ=΅µ% 6µΓ+ ῟=· =῾·%( %᾿·)+ ᾿¨(¨+ Ο% ΟΑ-=( !¨΅+ 65¨΅+ !¨΅ ᾿%(Θ·(῟(¨: -!*·

=᾿6µ=·* µΑ5% !*+ !=Θ·*!2+ ·¨*µ¨-:·*+, %··. ᾿)+ Ο% ῟(%-∆%·(-!=῾ * ¨΅-῾% : ·% ᾿%5%µ=῾·=(
¨ .·15Γ᾿¨+ -!¨ /Α·!5¨ !*+ ῟(/%(¨-:·*+ /%( * !=Θ·¨·¨΄῾% ·% ·=(!¨΅5΄=῾ Γ+ =·(-Θ΅!2+ !*+
(-6!*!%+ /%( !*+ ῟(%∆.·=(%+, 6Θ( Γ+ ᾿*΄2 ·ΑΓ· %῟(/()· 2 /¨(·Γ·(/)· ΤΓ΄µ)·.

Χ ᾿56/·*-* ᾿¨΅ ᾿5¨Λ.··=( =῾·%( ῟(᾿·2 : %∆=·6+, ·% -Θ=῟(%-!¨:· /%·6·=+ ᾿¨΅ ῟=·
᾿·῾΄¨΅· !*· /%(·¨!¨µ῾%, %··. ΟΑ!¨΅· -%∆2 65(% -!(+ \-/¨!=(·Α+ Υ)·=+" !*+ %΅!¨µ%!¨᾿¨῾*-
-*+῍ %∆=!Α5¨΅, ·% /%··(=5΄*1=῾ /¨΅·!¨:5% ·¨΄¨῟¨-῾%+ /%( ῟(%∆.·=(%+, Α!-( )-!= !% ῾῟(%
!% -΅-!2µ%!% ·% µ᾿¨5¨:· ·% =·=΄Θ1¨:·, ·% %(!(¨·¨΄2-¨΅· !(+ %᾿¨∆.-=(+ !¨΅+ /%( ·% ῟(¨5-
Ο)-¨΅· !% ·.1* !¨΅+ — ᾿5(· %΅!. ΄῾·¨΅· /¨(·Γ·(/. 2 Ο=-µ(/. µ* %·%-!5ΑΚ(µ%. ῝!¨ Η(·.·=,
* µ.Θ* ῟=· =῾·%( µ=!%;: 3.3., Χ῭9 /%( 0῾·%+. Χ ᾿5%΄µ%!(/2 µ.Θ* =῾·%( ΄(% µ(% !=Θ·*!2 ·¨*-
µ¨-:·* ᾿¨΅ Ο% -ΑΛ=!%( !¨· .·15Γ᾿¨ /%( Ο% ΅᾿*5=!=῾ !* ῟(/%(¨-:·* µ= -:΄Θ5¨·% =5΄%·=῾%,
µ=!52-(µ* ·¨΄¨῟¨-῾% /%( ῟(%5/2 ῟΅·%!6!*!% =·Α΄Θ¨΅. ΝΕ-¨ ᾿(¨ ΄52΄¨5% !¨ /%!%·¨2-¨΅µ=
— /%( !¨ %᾿%(!2-¨΅µ= — !6-¨ ᾿(¨ /¨·!. Ο% Μ5=1¨:µ= -= Α·% -:-!*µ% 6᾿¨΅ ¨( /%·6·=+, ¨(
.·15Γ᾿¨( /%( * !=Θ·¨·¨΄῾% -΅·΅᾿.5Θ¨΅· µ= ¨΅-(%-!(/6, ῟*µ¨/5%!(/6 /%( %᾿¨!=·=-µ%!(/6
!56᾿¨.
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῾-Π/0·25 6

,-005+)236Κ ῾·)-῝ΟΧ+΄-2Κ

Χ!%Θ=῾% =·-Γµ.!Γ-* !Γ· µ=΄.·Γ· ΄·Γ--(/)· µ¨·!Α·Γ· (LLMs) /%( !*+ !=Θ·*!2+ ·¨*-
µ¨-:·*+ -!¨ ·¨µ(/6 ¨(/¨-:-!*µ% µ=!%-Θ*µ%!῾Σ=( Τ%΄῟%῾% !% Ο=-µ(/., !=Θ·(/. /%(

/¨(·Γ·(/. ᾿·%῾-(% !¨΅ ῟(/%῾¨΅. 0%1)+ ¨( =∆%5µ¨΄Α+ =᾿=/!=῾·¨·!%( %᾿6 !*· %΅!¨µ%!¨᾿¨῾*-*
!*+ ·¨µ(/2+ Α5=΅·%+ µΑΘ5( !* ·2Κ* ῟(/%-!(/)· %᾿¨∆.-=Γ· /%( !* Μ=·!῾Γ-* !*+ ᾿56-Λ%-*+
-!* ῟(/%(¨-:·*, %·%῟:¨·!%( ·Α=+ =΅/%(5῾=+ %··. /%( -:·1=!=+ ᾿5¨/·2-=(+ ΄(% =᾿(-!2µ¨·=+,
=᾿%΄΄=·µ%!῾=+ /%( Ο=-µ(/¨:+ Η¨5=῾+ [7], [100].

,¨ /=∆.·%(¨ %΅!6 =-!(.Σ=( -!(+ /:5(=+ /%!=΅1:·-=(+ ᾿¨΅ Ο% ῟(%µ¨5∆)-¨΅· !¨ µΑ··¨· !*+
!=Θ·*!2+ ·¨*µ¨-:·*+ -!¨ ῟῾/%(¨, ῟῾·¨·!%+ Αµ∆%-* -!* µ=!%µ65∆Γ-* !*+ ·¨µ(/2+ =/᾿%῾῟=΅-
-*+ /%( -!*· %·.᾿!΅;* ῟(=᾿(-!*µ¨·(/)· ῟=;(¨!2!Γ·, -!(+ !=Θ·(/Α+ =;=·῾;=(+ ᾿¨΅ -Θ=!῾Σ¨·!%(
µ= !*· %·1=/!(/6!*!%, !*· =;*΄2-(µ* ·=(!¨΅5΄῾%, !*· ᾿5¨-%5µ¨΄2 -!¨· !¨µΑ% /%( !*· ᾿¨-
·΅΄·Γ--῾% !Γ· LLMs, -!*· %·.᾿!΅;* ΅Λ5(῟(/)· -΅-!*µ.!Γ· /%( -!* -΅·=5΄%-῾% %·15)᾿¨΅
/%( µ*Θ%·2+ -= ῟(/%-!(/Α+ ·=(!¨΅5΄῾=+, /%1)+ /%( -!(+ ·Α=+ ᾿5¨-=΄΄῾-=(+ ΄(% !* ῟(%-∆.·(-
-* !*+ ᾿5¨-Λ%-(µ6!*!%+, !*+ ῟(/%(¨-:·*+ /%( !*+ -΅µ᾿=5῾·*Κ*+ -= Α·% Κ*∆(%/. ῟(%5/)+
=;=·(--6µ=·¨ ᾿=5(Λ.··¨·.

9΅!Α+ ¨( !.-=(+ -΅·1Α!¨΅· !¨ Τ΅1µ(-!(/6, /¨(·Γ·(/6 /%( !=Θ·¨·¨΄(/6 ᾿·%῾-(¨ ᾿¨΅ Ο% /%-
Ο¨5῾-=( !¨· Τ6·¨ !*+ !=Θ·*!2+ ·¨*µ¨-:·*+ -!* ·¨µ(/2 ᾿5.;* !% =᾿6µ=·% Θ56·(%, !¨·῾Σ¨·!%+
!*· %·.΄/* ΄(% -΅·=Θ2 ῟(%Λ¨:·=΅-*, !=Θ·(/2 ᾿5¨-%5µ¨-!(/6!*!% /%( *1(/2 =΄52΄¨5-*.

6.1 8+)΅3)῝¨5Κ ΄)(+ +5µ23Ν -3¨·΅῭-῝΄( 3·2 )2Κ -¨·..-0µ·)2-

36Κ ῭-Θ2Μ)()-Κ

Χ =·-Γµ.!Γ-* !*+ !=Θ·*!2+ ·¨*µ¨-:·*+ /%( !Γ· µ=΄.·Γ· ΄·Γ--(/)· µ¨·!Α·Γ· -!¨· ·¨-
µ(/6 !¨µΑ% ΗΑ5·=( Τ(Σ(/Α+ %··%΄Α+ -!(+ ῟¨µΑ+ /%( !% ᾿=5(=Θ6µ=·% !*+ ·¨µ(/2+ =/᾿%῾῟=΅-*+,
%··. /%( -!(+ %᾿%(!2-=(+ ΄(% !* ῟(% Μ῾¨΅ µ.1*-* /%( !*· =᾿%΄΄=·µ%!(/2 ᾿5¨-%5µ¨-!(/6!*-
!% !Γ· ·¨µ(/)· =᾿%΄΄=·µ%!()·. Χ ῟(=1·2+ =᾿(-!*µ¨·(/2 -΅Σ2!*-* ᾿·Α¨· %·%΄·Γ5῾Σ=( 6!( ¨
᾿%5%῟¨-(%/6+ ῟(/*΄65¨+ !¨΅ 20¨: %()·% ῟=· =᾿%5/=῾ -!¨ ·Α¨ ·¨µ(/6 ᾿=5(Λ.··¨· ᾿¨΅ ῟(%-
µ¨5∆)·=!%( %᾿6 !(+ =;=·῾;=(+ -!*· !=Θ·¨·¨΄῾%, !* ῟(%Θ=῾5(-* ῟=῟¨µΑ·Γ·, !* Τ¨µ᾿¨!(/2 /%(
!*· %·΄¨5(1µ(/2 ·2Κ* %᾿¨∆.-=Γ·. Χ -:΄Θ5¨·* ·¨µ(/2 =/᾿%῾῟=΅-* /%·=῾!%( ·% =∆¨῟(.-=(
!¨΅+ Η¨(!*!Α+ 6Θ( µ6·¨ µ= =µΛ.1΅·-* -!* ·¨µ(/2 %·.·΅-*, %··. /%( µ= ΄·)-=(+ µ*Θ%·(-
/2+ µ.1*-*+, %·΄¨5(1µ(/2+ ·¨΄(/2+, ῟(%Θ=῾5(-*+ ῟=῟¨µΑ·Γ·, Κ*∆(%/2+ ῟=¨·!¨·¨΄῾%+ /%(
/5(!(/2+ %;(¨·6΄*-*+ !*+ !=Θ·*!2+ ·¨*µ¨-:·*+ [7],[100], [93], [101].

9΅!2 * µ=!%!6᾿(-* !*+ Αµ∆%-*+ -΅·¨῟=:=!%( %᾿6 !*· ΅(¨1Α!*-* ·ΑΓ· ᾿%(῟%΄Γ΄(/)· µ=-
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0=∆.·%(¨ 6. 4=··¨·!(/Α+ 0%!=΅1:·-=(+

Ο6῟Γ· /%( !* -!%῟(%/2 =(-%΄Γ΄2 µ%1*µ.!Γ· !=Θ·¨·¨΄῾%+ -!% Μ%-(/. ᾿5¨΄5.µµ%!% -᾿¨΅-
῟)·. ΝΕ᾿Γ+ =᾿(-*µ%῾·=( * Ryan /%( ¨( -΅·=5΄.!=+ !*+ [7], * ᾿5%/!(/2 =;¨(/=῾Γ-* µ= =5΄%·=῾%
!=Θ·*!2+ ·¨*µ¨-:·*+, 6᾿Γ+ !¨ ChatGPT, Grokx, ¨῟*΄=῾ -!*· %·.᾿!΅;* ·ΑΓ· ῟=;(¨!2!Γ· %-
·.·΅-*+, %΅!¨·¨µ῾%+ /%( ΅᾿=΅1΅·6!*!%+, /%( Μ¨*1. !¨΅+ Η¨(!*!Α+ ·% /%!%·¨¨:· Αµ᾿5%/!%
!6-¨ !(+ ῟΅·%!6!*!=+ 6-¨ /%( !% 65(% !Γ· -΅-!*µ.!Γ· !*+ !=Θ·*!2+ ·¨*µ¨-:·*+. ῝= ᾿¨··.
᾿%·=᾿(-!2µ(%, (῟῾Γ+ -!*· 3΅5)᾿* /%( !*· 9µ=5(/2, ᾿%5%!*5=῾!%( -!5¨∆2 -= ᾿5¨΄5.µµ%!%
Law and Technology, µ= ῟(%!µ*µ%!(/. -=µ(·.5(%, =5΄%-!25(% ·¨µ(/2+ ᾿·*5¨∆¨5(/2+ /%-
Ο)+ /%( ῟(%῟5%-!(/. ᾿5¨1=+!+ ᾿¨΅ ΗΑ5·¨΅· !¨΅+ Η¨(!*!Α+ -= =᾿%∆2 µ= ᾿5%΄µ%!(/. -:·¨·%
῟=῟¨µΑ·Γ· (Datasets), Κ*∆(%/Α+ ᾿·%!∆65µ=+ /%( %·΄¨5(1µ(/. =5΄%·=῾% [100], [102].

῭%5.··*·%, * %΅;%·6µ=·* Θ52-* !*+ !=Θ·*!2+ ·¨*µ¨-:·*+ -!* ·¨µ(/2 /·(·(/2 =/-
᾿%῾῟=΅-* µ=!%µ¨5∆)·=( !*· ᾿5%/!(/2 ᾿5¨-Α΄΄(-* !Γ· Η¨(!*!)· -!¨ ῟῾/%(¨. Ε( ·¨µ(/Α+
/·(·(/Α+, 6᾿Γ+ ῟=῾Θ·¨΅· case studies -= Χ·ΓµΑ·¨ ῏%-῾·=(¨, 8-5%2·, 8·῟῾% /%( 9΅-!5%·῾%,
%;(¨᾿¨(¨:· !*· !=Θ·*!2 ·¨*µ¨-:·* 6Θ( µ6·¨ ΄(% !*· =᾿῾·΅-* ᾿5%΄µ%!(/)· ΅᾿¨1Α-=Γ· (legal
problem-solving), %··. /%( ΄(% !* ῟(῟%-/%·῾% ῟=;(¨!2!Γ· Κ*∆(%/2+ Α5=΅·%+, ῟(%Θ=῾5(-*+
῟=῟¨µΑ·Γ· ᾿=·%!)·, %;(¨·6΄*-*+ %΅!¨µ%!¨᾿¨(*µΑ·Γ· ·¨µ(/)· ΄·Γµ¨῟¨!2-=Γ· /%( =·Α΄Θ¨΅
᾿¨(6!*!%+ !Γ· %᾿¨!=·=-µ.!Γ· !Γ· LLMs [7], [100], [101]. Ε( Η¨(!*!Α+ =;%-/¨:·!%( -!*· %-
·%΄·)5(-* ᾿5¨/%!%·2Κ=Γ· (bias), -!*· =5µ*·=῾% /%( -!¨· Α·=΄Θ¨ !Γ· %᾿¨!=·=-µ.!Γ· ᾿¨΅
᾿%5.΄¨·!%( %᾿6 %·΄¨5(1µ(/. -΅-!2µ%!%, %·%᾿!:--¨·!%+ Α!-( µ(% ῟(!!2 ᾿5¨-Α΄΄(-* : Κ*-
Η(%/2 ῟=;(6!*!% %··. /%( ῟(%5/2 /5(!(/2 =΄52΄¨5-* ΄(% !(+ *1(/Α+ /%( ·¨µ(/Α+ ῟(%-!.-=(+
!*+ !=Θ·*!2+ ·¨*µ¨-:·*+.

Χ Μ(Λ·(¨΄5%∆῾% ΅᾿¨΄5%µµ῾Σ=( 6!( * %᾿·2 Θ52-* !Γ· µ=΄.·Γ· ΄·Γ--(/)· µ¨·!Α·Γ· ῟=·
%5/=῾. 9᾿%(!=῾!%( * =-Γ!=5(/2 /%!%·6*-* !Γ· Μ%-(/)· %5Θ)· ·=(!¨΅5΄῾%+ !Γ· -΅-!*µ.!Γ·
%΅!)·, )-!= ¨( µ=··¨·!(/¨῾ ·¨µ(/¨῾ ·% µ᾿¨5¨:· ·% %;(¨·¨΄¨:· Τ=%·(-!(/. !% ᾿·=¨·=/!2µ%!%
/%( !¨΅+ /(·῟:·¨΅+ /.1= !=Θ·¨·¨΄(/2+ ·:-*+ [93], [102]. Ν3!-(, * =/᾿%῾῟=΅-* =᾿(/=·!5)·=!%(
᾿·Α¨· -!* ῟(%µ65∆Γ-* =·6+ ΝΚ*∆(%/. %΅!6·¨µ¨΅ ·¨µ(/¨:Ν, (/%·¨: ·% %·!%᾿¨/5(1=῾ -!(+
µ=!%Λ%··6µ=·=+ %᾿%(!2-=(+ !Γ· ·¨µ(/)· =᾿%΄΄=·µ.!Γ· ῟(=1·)+.

Ν3·% =᾿(᾿·Α¨· /5῾-(µ¨ -*µ=῾¨ =῾·%( * %·.΄/* ΄(% ῟(% Μ῾¨΅ µ.1*-*. Χ !%Θ:!%!* ᾿56¨-
῟¨+ !*+ !=Θ·¨·¨΄῾%+ /%( * ῟(%5/2+ %··%΄2 !Γ· =5΄%·=῾Γ· /%( µ=16῟Γ· ῟*µ(¨΅5΄¨:· !*·
%᾿%῾!*-* ¨( =᾿%΄΄=·µ%!῾=+ ·% ᾿%5%µΑ·¨΅· ῟(%5/)+ =·*µ=5ΓµΑ·¨( ΄(% !(+ =;=·῾;=(+ -!* ·¨-
µ(/2 ᾿·*5¨∆¨5(/2, ·% ᾿%5%/¨·¨΅1¨:· =/᾿%(῟=΅!(/. ᾿5¨΄5.µµ%!%, -΅·Α῟5(% /%( ῟(=1·2
-΅·Α῟5(%, ·% -΅µµ=!ΑΘ¨΅· -= ¨µ.῟=+ =5΄%-῾%+ /%( ·% ΅(¨1=!¨:· Α·% µ(·῟-=! -΅·=Θ¨:+ ᾿5¨-
-%5µ¨΄2+ [7]. ῭¨··Α+ ·¨µ(/Α+ -Θ¨·Α+ =·-Γµ%!)·¨΅· micro-credentials, =(῟(/. MOOCs,
training -= real-world ᾿·%!∆65µ=+ (᾿.Θ. document automation, case management), =·)
¨( =᾿%΄΄=·µ%!(/Α+ =·)-=(+ ᾿5¨-∆Α5¨΅· ᾿(-!¨᾿¨(2-=(+ -= legal tech, data privacy, digital
forensics /...

9;(¨-*µ=῾Γ!* =῾·%( /%( * =᾿῾῟5%-* !*+ !=Θ·*!2+ ·¨*µ¨-:·*+ -!% soft skills ᾿¨΅ Ο=Γ5¨-
:·!%( ᾿·Α¨· ¨΅-()῟=(+ : =᾿(/¨(·Γ·῾% µΑ-Γ Κ*∆(%/)· µΑ-Γ·, ῟(%Θ=῾5(-* Κ*∆(%/)· ¨µ.῟Γ·,
᾿5¨-%5µ¨-!(/6!*!%, ῟(%᾿¨·(!(-µ(/2 /%!%·6*-*, /%1)+ /%( * (/%·6!*!% ῟(%᾿5%΄µ.!=΅-*+
µ= ΝΚ*∆(%/. =5΄%·=῾%Ν (᾿.Θ. chatbots, online mediation). ,% µ=΄.·% ῟(/*΄¨5(/. ΄5%∆=῾%
/%( ¨( ῟(=1·=῾+ ¨5΄%·(-µ¨῾ ῟῾·¨΅· (῟(%῾!=5* Αµ∆%-* -!* -΅·῟΅%-!(/2 /%!.5!(-*, µ= !(+ %΄-
΄=·῾=+ =5΄%-῾%+ ·% %᾿%(!¨:· ᾿·Α¨·, =/!6+ %᾿6 .5(-!* ΄·)-* ῟(/%῾¨΅, !=Θ·(/Α+ ῟=;(6!*!=+,
=;¨(/=῾Γ-* µ= Μ.-=(+ ῟=῟¨µΑ·Γ· ·¨µ(/¨: ᾿=5(=Θ¨µΑ·¨΅legal databases, NLP =5΄%·=῾%, AI
review software /%( ·¨µ(/2 !=/µ*5῾Γ-* ᾿¨΅ %;(¨᾿¨(=῾ %΅!¨µ%!¨᾿¨(*µΑ·% -΅-!2µ%!% [102],
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6.1.1 9·.᾿!΅;* ῟(=᾿(-!*µ¨·(/)· ῟=;(¨!2!Γ·

[101], [103].

,Α·¨+, ¨ /¨(·Γ·(/6+ /%( Ο=-µ(/6+ %·!῾/!΅᾿¨+ !*+ =·-Γµ.!Γ-*+ !*+ !=Θ·*!2+ ·¨*µ¨-
-:·*+ -!* ·¨µ(/2 =/᾿%῾῟=΅-* =῾·%( (῟(%῾!=5% Α·!¨·¨+ -= Θ)5=+ µ= ᾿=5(¨5(-µΑ·* ᾿56-Λ%-*
-= ᾿65¨΅+, 6᾿¨΅ * %;(¨᾿¨῾*-* !*+ !=Θ·*!2+ ·¨*µ¨-:·*+ µ᾿¨5=῾ ·% ΄=∆΅5)-=( !¨ =/᾿%(-
῟=΅!(/6 Θ.-µ%, ·% ᾿%5ΑΘ=( ᾿56-Λ%-* -= ᾿¨(¨!(/2 ΄·)-* /%( ·% =·(-Θ:-=( !*· /¨(·Γ·(/2
/(·*!(/6!*!% [7], [101].

6.1.1 8+/¨)῝Θ( ῭2-¨2΄)(µ5+234+ ῭-Θ25)Ν)*+

Χ %·.΄/* ΄(% ῟(=᾿(-!*µ¨·(/Α+ ῟=;(6!*!=+ -!¨ ·¨µ(/6 =᾿.΄΄=·µ% %᾿¨!΅᾿)·=!%( Αµ᾿5%/!%
-!*· ᾿¨(/(·῾% !Γ· ·ΑΓ·, !=Θ·¨·¨΄(/. ᾿5¨-%·%!¨·(-µΑ·Γ· =/᾿%(῟=΅!(/)· ᾿5¨΄5%µµ.!Γ· ᾿¨΅
΅·¨᾿¨(¨:· ᾿%·=᾿(-!2µ(% -= 6·¨ !¨· /6-µ¨ [7], [100]. ῭Α5% %᾿6 !* Ο=Γ5*!(/2 =;¨(/=῾Γ-*,
* ᾿5%΄µ%!(/2 µ=!.Λ%-* ᾿5¨+ !¨· ·¨µ(/6 !*+ Κ*∆(%/2+ =᾿¨Θ2+ =᾿(!΅΄Θ.·=!%( µΑ-% %᾿6
᾿5%/!(/2 µ.1*-*, ῟(%!µ*µ%!(/. =5=΅·*!(/. projects /%( =·-Γµ.!Γ-* =5΄%·=῾Γ· %(Θµ2+
-!* ῟(῟%/!(/2 ῟(%῟(/%-῾%.

῝΅΄/=/5(µΑ·%, -Θ¨·Α+ ·¨µ(/2+ 6᾿Γ+ !¨ Stanford, !¨ University College London (UCL),
!¨ Harvard /%( !¨ KU Leuven ΑΘ¨΅· =·!.;=( -!% ᾿5¨΄5.µµ%!. !¨΅+ =5΄%-!25(% 6᾿¨΅ ¨(
Η¨(!*!Α+ =5΄.Σ¨·!%( µ= ᾿5%΄µ%!(/. -:·¨·% ῟=῟¨µΑ·Γ·, ῟¨/(µ.Σ¨΅· %·΄¨5῾1µ¨΅+ %·.·΅-*+
·¨µ(/)· =΄΄5.∆Γ· (legal document classification), =∆%5µ6Σ¨΅· !=Θ·(/Α+ =᾿=;=5΄%-῾%+ Η΅-
-(/2+ ΄·)--%+ (Natural Language Processing) /%( -΅µµ=!ΑΘ¨΅· -= Α5΄% ᾿¨΅ %∆¨5¨:· !*·
%·.᾿!΅;* =5΄%·=῾Γ· ·=΄%· !=;! -΅µµ%5(Σ%!(¨·, %΅!6µ%!*+ %·./!*-*+ ·¨µ(/2+ ᾿·*5¨∆¨5῾%+,
/%( %·.·΅-*+ ῟(/%-!(/)· %᾿¨∆.-=Γ· µ= Θ52-* LLMs[93], [102]. 9΅!2 * ᾿5%/!(/2 ᾿5¨-Α΄-
΄(-* !¨΅+ ῟(῟.-/=( ·% /%!%·¨¨:· 6·* !*· %·΅-῾῟% ᾿%5%΄Γ΄2+ /%( Θ52-*+ !Γ· -΅-!*µ.!Γ·
!=Θ·*!2+ ·¨*µ¨-:·*+ – %᾿6 !* -΅··¨΄2 ῟=῟¨µΑΓ· (data collection) /%( ;=/%1.5(-µ% ῟=῟¨-
µΑ·Γ· (data cleaning), µΑΘ5( !¨ fine-tuning µ¨·!Α·Γ·, !* µΑ!5*-* µ=!5(/)· %᾿6῟¨-*+ /%(
!* ῟(%Θ=῾5(-* Ο=µ.!Γ· ᾿5¨/%!%·2Κ=Γ· [102].

3᾿(᾿·Α¨·, !% ᾿(¨ -:΄Θ5¨·% ᾿5¨΄5.µµ%!% -᾿¨΅῟)· ῟῾·¨΅· (῟(%῾!=5* Αµ∆%-* -!* Θ52-*
-΅΄/=/5(µΑ·Γ· =5΄%·=῾Γ· ᾿¨΅ ᾿5¨Α5Θ¨·!%( %᾿6 !* µ*Θ%·(/2 µ.1*-* /%( !*· !=Θ·*!2 ·¨*-
µ¨-:·*. Β(% ᾿%5.῟=(΄µ%, -!¨ UCL LawTech Lab /%( -!¨ CodeX !¨΅ ῭%·=᾿(-!*µ῾¨΅ Stan-
ford, Η¨(!*!Α+ =;¨(/=()·¨·!%( µ= -:΄Θ56·=+ ΄·)--=+ ᾿5¨΄5%µµ%!(-µ¨:, Θ52-* Μ(Λ·(¨1*/)·
6᾿Γ+ spaCy, NLTK /%( HuggingFace Transformers, ΅·¨᾿¨῾*-* embeddings (Word2Vec,
BERT), -Θ=῟(%-µ6 pipelines %·.·΅-*+ ·¨µ(/)· ῟=῟¨µΑ·Γ· /%( %·.᾿!΅;* demo =∆%5µ¨΄)·
᾿¨΅ -΅·῟Α¨΅· user interface (᾿.Θ. legal search platforms) µ= backend LLMs [100], [102],
[101].

῭%5.··*·%, ᾿¨··. ᾿%·=᾿(-!2µ(% ᾿5¨Γ1¨:· capstone projects -!% ¨᾿¨῾% µ(/!Α+ ¨µ.῟=+
Η¨(!*!)· ᾿·*5¨∆¨5(/2+ /%( ·¨µ(/2+ %·%·%µΛ.·¨΅· ·% ΅·¨᾿¨(2-¨΅· end-to-end ·:-=(+ –
᾿.Θ. %΅!¨µ%!¨᾿¨(*µΑ·* /%!*΄¨5(¨᾿¨῾*-* ΅᾿¨1Α-=Γ·, +*%!Λ¨!+ ·¨µ(/2+ ᾿·*5¨∆65*-*+,
-΅-!2µ%!% recommendation ΄(% ·¨µ¨·¨΄῾% 2 frameworks ΄(% explainable legal prediction.
῝!% -΅΄/=/5(µΑ·% projects, (῟(%῾!=5* Μ%5:!*!% ῟῾·=!%( -!% Υ*!2µ%!% *1(/2+ (᾿.Θ. data
anonymization, responsible use, fairness auditing), %··. /%( -!*· ᾿%5%΄Γ΄2 ᾿·25¨΅+
!=Θ·(/2+ !=/µ*5῾Γ-*+, * ¨᾿¨῾% %᾿%(!=῾ =;¨(/=῾Γ-* µ= version control, /%!%΄5%∆2 audit
trails /%( %;(¨·6΄*-* %᾿¨!=·=-µ.!Γ· µ= real-world legal benchmarks [7], [103].

Χ -΅·=5΄%-῾% µ= =᾿%΄΄=·µ%!(/¨:+ Η¨5=῾+ /%( * -΅µµ=!¨Θ2 -= open source projects
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(᾿.Θ. -΅µµ=!¨Θ2 -!¨ Harvard Caselaw Access Project, -!% Legal Data Science Workshops
!¨΅ Cornel· 2 -!*· %·.᾿!΅;* legal ontologies ΄(% !¨ European Case Law Identifier) ᾿%-
ΤΑΘ¨΅· -!¨΅+ Η¨(!*!Α+ =µ᾿=(5῾% -= /%·¨·(-!(/./᾿5¨!΅᾿¨᾿¨(*µΑ·% -:·¨·% ῟=῟¨µΑ·Γ·, API
design, semantic search, /%( %;(¨·6΄*-* ·=(!¨΅5΄῾%+ =5΄%·=῾Γ· -= ῟(%∆¨5=!(/. ·¨µ(/.
-΅-!2µ%!% [93], [101].

9;῾Σ=( !Α·¨+ ·% !¨·(-!=῾ 6!( * ῟(=᾿(-!*µ¨·(/2 =/᾿%῾῟=΅-* ᾿=5(·%µΛ.·=( /%( ᾿(¨ /·%-(/.
!=Θ·¨·¨΄(/. µ%12µ%!%, 6᾿Γ+ Μ%-(/Α+ %5ΘΑ+ ᾿·*5¨∆¨5(/2+, data privacy, cloud computing
/%( cyber security, -΅Θ·. ΅᾿6 !¨ ᾿5῾-µ% !*+ -΅µµ65∆Γ-*+ µ= Τ΅1µ(-!(/. ᾿·%῾-(% (GDPR,
AI Act). ,¨ ᾿5¨∆῾· !¨΅ -:΄Θ5¨·¨΅ ·¨µ(/¨: =·(-Θ:=!%( Α!-( 6Θ( µ6·¨ Γ+ ᾿5¨+ !*· !=Θ·(/2
/%!%·6*-*, %··. /%( Γ+ ᾿5¨+ !*· (/%·6!*!% =·Α΄Θ¨΅ (auditing), ῟(%-∆.·(-*+ ᾿¨(6!*!%+
(quality assurance) /%( *1(/2+ ·¨΄¨῟¨-῾%+ (ethical accountability) -= Α·% ῟(%-΅·῟=῟=µΑ·¨,
Κ*∆(%/6 ¨(/¨-:-!*µ%.

῝΅·¨·(/., !¨ µ¨·!Α·¨ !*+ !=Θ·(/2+–·¨µ(/2+ ῟(=᾿(-!*µ¨·(/6!*!%+ ᾿¨΅ ᾿5¨Γ1=῾!%( -= ῟(=-
Ο·Α+ =᾿῾᾿=῟¨ %·%Λ%1µ῾Σ=( !¨ =᾿῾᾿=῟¨ !*+ ·¨µ(/2+ =/᾿%῾῟=΅-*+ /%( ῟(%µ¨5∆)·=( =᾿%΄΄=·-
µ%!῾=+ ᾿¨΅ µ᾿¨5¨:· ·% =·Α΄Θ¨΅·, ·% ΅·¨᾿¨(¨:· /%( ·% =5µ*·=:¨΅· %·΄¨5(1µ(/Α+ ·:-=(+
-!*· ᾿5.;* – µ= ᾿·25* =᾿῾΄·Γ-* !Γ· /(·῟:·Γ·, !Γ· ¨5῾Γ· /%( !Γ· ᾿5¨¨᾿!(/)· !*+ !=Θ·*!2+
·¨*µ¨-:·*+ -!¨ ῟῾/%(¨.

6.1.2 !+΄*µ/)*΄( )-Λ+234+ 3·2 +5µ234+ ¨%5.%·µµ/)*+ ΄¨5῝῭4+

Χ =·-Γµ.!Γ-* !=Θ·¨·¨΄(/)· /%( !=Θ·(/)· %·!(/=(µΑ·Γ· -!% ᾿%5%῟¨-(%/. ᾿5¨΄5.µµ%!%
-᾿¨΅῟)· !Γ· ·¨µ(/)· -Θ¨·)· -΅·(-!. -!5%!*΄(/2 =᾿(·¨΄2 ΄(% !* ῟(%µ65∆Γ-* %᾿¨∆¨῾!Γ·
᾿¨΅ =῾·%( /%!.··*·% =;¨᾿·(-µΑ·¨( ΄(% ·% %·!%᾿¨/5(1¨:· -!(+ %᾿%(!2-=(+ !*+ Κ*∆(%/2+
=᾿¨Θ2+. Χ %·.΄/* %΅!2 =·!=῾·=!%( %᾿6 !*· =΅5=῾% ῟(.῟¨-* !Γ· µ=΄.·Γ· ΄·Γ--(/)· µ¨·!Α·Γ·,
!*+ !=Θ·*!2+ ·¨*µ¨-:·*+ %··. /%( !Γ· =5΄%·=῾Γ· %΅!¨µ%!¨᾿¨῾*-*+ ·¨µ(/)· =5΄%-()·, !%
¨᾿¨῾% ῟(=(-῟:¨΅· ᾿·Α¨· -= 6·¨ !¨ Η.-µ% !*+ ῟(/%-!(/2+ /%( ῟(¨(/*!(/2+ ᾿5.;*+ [7], [93].

῝:µ∆Γ·% µ= !% ῟(=1·2 ᾿56!΅᾿%, * =·-Γµ.!Γ-* !=Θ·(/)· %·!(/=(µΑ·Γ· -= ·¨µ(/. ᾿5¨-
΄5.µµ%!% ᾿5%΄µ%!¨᾿¨(=῾!%( µ= ᾿¨··%᾿·¨:+ !56᾿¨΅+ :

• %) =(-%΄Γ΄2 ΅᾿¨Θ5=Γ!(/)· 2 =᾿(·=΄6µ=·Γ· µ%1*µ.!Γ· ᾿·*5¨∆¨5(/2+, =᾿(-!2µ*+ ῟=-
῟¨µΑ·Γ·, Μ%-(/)· %5Θ)· µ*Θ%·(/2+ µ.1*-*+ /%( !=Θ·*!2+ ·¨*µ¨-:·*+

• Μ) -Θ=῟(%-µ6+ ῟(%!µ*µ%!(/)· ᾿5¨΄5%µµ.!Γ· ᾿¨΅ ΗΑ5·¨΅· -= -΅·=5΄%-῾% -Θ¨·Α+ ·¨-
µ(/2+ µ= !µ2µ%!% µ*Θ%·(/)·, ᾿·*5¨∆¨5(/2+ /%( /¨(·Γ·(/)· =᾿(-!*µ)·

• ΄) ῟*µ(¨΅5΄῾% ᾿5%/!(/)· =5΄%-!*5῾Γ·, =/᾿%(῟=΅!(/)· -=µ(·%5῾Γ· /%( %·.᾿!΅;* =∆%5-
µ¨΄)· -= ᾿5%΄µ%!(/. ·¨µ(/. ῟=῟¨µΑ·% [100], [102], [101].

Ζ%5%/!*5(-!(/. ᾿%5%῟=῾΄µ%!% -΅·῟΅%-!(/)· ᾿5¨΄5%µµ.!Γ· -΅·%·!)·!%( -!¨ Stanford
CodeX (0Α·!5¨ Φ¨µ(/2+ ῭·*5¨∆¨5(/2+), !¨ Harvard Law Lab, !¨ LegalTech Lab !¨΅ KU
Leuven /%( !¨ University College London (UCL), 6᾿¨΅ ¨( Η¨(!*!Α+ ΑΘ¨΅· !* ῟΅·%!6!*!%
·% ῟(῟%Θ1¨:· Μ%-(/Α+ !=Θ·(/Α+ =᾿=;=5΄%-῾%+ Η΅-(/2+ ΄·)--%+, %·.᾿!΅;* /%( %;(¨·6΄*-*
%·΄¨5(1µ(/)· -΅-!*µ.!Γ· /%1)+ /%( ᾿5%/!(/2 .-/*-* -= =5΄%·=῾% %·.·΅-*+ ·¨µ(/)· /=(-
µΑ·Γ· /%( %΅!¨µ%!¨᾿¨(*µΑ·*+ =᾿=;=5΄%-῾%+ ῟(/%-!(/)· =΄΄5.∆Γ· [100], [102]. ῝= %΅!. !%
᾿5¨΄5.µµ%!%, -΅Θ·. =·-Γµ%!)·¨·!%( Α5΄% 6᾿¨΅ µ(/!Α+ ¨µ.῟=+ Η¨(!*!)· %·%᾿!:--¨΅· %᾿6
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/¨(·¨: ·¨µ(/Α+ =∆%5µ¨΄Α+ Μ%-(-µΑ·=+ -!* !=Θ·*!2 ·¨*µ¨-:·*, =;=!.Σ¨·!%+ !6-¨ !*· !=Θ·(/2
·=(!¨΅5΄῾% 6-¨ /%( !(+ /%·¨·(-!(/Α+/*1(/Α+ ῟(%-!.-=(+ !Γ· ·:-=Γ· !¨΅+.

3᾿(᾿56-1=!%, -= ᾿¨··Α+ -Θ¨·Α+ ·¨µ(/2+ !*+ 3΅5)᾿*+, !*+ ῏65=(%+ 9µ=5(/2+ /%( !*+
9-῾%+, =(-.΄¨·!%( modules ΄(% !* ῟(%Θ=῾5(-* !*+ (῟(Γ!(/6!*!%+ (privacy management), !(+
%5ΘΑ+ ᾿5¨-!%-῾%+ ῟=῟¨µΑ·Γ· (data protection) /%( !* -΅µµ65∆Γ-* µ= Ο=-µ(/. ᾿·%῾-(%
6᾿Γ+ ¨ Β=·(/6+ 0%·¨·(-µ6+ ΄(% !*· ῭5¨-!%-῾% 7=῟¨µΑ·Γ· (GDPR) /%( ¨ 3΅5Γ᾿%Π/6+ 0%-
·¨·(-µ6+ ,=Θ·*!2+ Φ¨*µ¨-:·*+ (AI Act) [93], [103]. Χ ᾿5%/!(/2 =/᾿%῾῟=΅-* =µ᾿·¨΅!῾Σ=!%(
µ= -=·.5(% Θ52-*+ ᾿¨΅ /%·:᾿!¨΅· ᾿5%΄µ%!(/Α+ ΅᾿¨1Α-=(+ ·¨µ(/2+ ᾿·*5¨∆¨5(/2+ (legal
informatics), %·.·΅-* µ=΄.·Γ· 6΄/Γ· ῟=῟¨µΑ·Γ· (big data analysis) /%( ᾿5¨-¨µ¨()-=(+
%΅!6µ%!*+ ᾿%5%΄Γ΄2+ ·¨µ(/)· ΄·Γµ¨῟¨!2-=Γ· µΑ-Γ %·΄¨5(1µ(/)· =5΄%·=῾Γ·.

Χ =µ᾿=(5(/2 %·.·΅-* ῟=῾Θ·=( 6!( * =᾿(!΅Θ2+ =·-Γµ.!Γ-* !Γ· !=Θ·(/)· %·!(/=(µΑ·Γ·
᾿5¨Ι᾿¨1Α!=( !* -!=·2 -΅·=5΄%-῾% µ=!%;: /%1*΄*!)· ·¨µ(/2+ /%( µ*Θ%·(/)·, !*· %·.᾿!΅;*
/¨(·)· µ%1*µ.!Γ·, !* ῟*µ(¨΅5΄῾% /¨(·)· Μ(Λ·(¨΄5%∆()· /%( !* ῟(=᾿(-!*µ¨·(/2 ᾿5¨-Α΄΄(-*
-!* ῟(῟%-/%·῾% [100], [101], [103]. ῝= %5/=!Α+ ᾿=5(᾿!)-=(+, ΅·¨᾿¨(¨:·!%( /¨(·Α+ ῟(%·Α;=(+
(joint lectures), -΅·Α῟5(% /%( =5=΅·*!(/. Α5΄%, 6᾿¨΅ ¨( Η¨(!*!Α+ /%·¨:·!%( ·% =᾿(·:-¨΅·
᾿5%/!(/. ᾿5¨Λ·2µ%!%, ·% %·%·:-¨΅· -:·¨·% ῟=῟¨µΑ·Γ·, ·% %·%᾿!:;¨΅· /%( ·% !=/µ*5(-
)-¨΅· ·:-=(+ !6-¨ -= !=Θ·(/6 6-¨ /%( -= ·¨µ(/6 =᾿῾᾿=῟¨.

05῾-(µ¨ -!¨(Θ=῾¨ !*+ -:΄Θ5¨·*+ ᾿5¨-Α΄΄(-*+ =῾·%( /%( * Α·!%;* !*+ =/᾿%῾῟=΅-*+ -=
*1(/Α+ /%( /%·¨·(-!(/Α+ %5ΘΑ+, )-!= ¨( Η¨(!*!Α+ ·% %᾿¨/!¨:· 6Θ( µ6·¨ !=Θ·(/Α+ %··. /%(
῟=¨·!¨·¨΄(/Α+ ῟=;(6!*!=+. 9΅!6 =᾿(!5Α᾿=( -!¨΅+ %᾿¨∆¨῾!¨΅+ ·% ·=(!¨΅5΄¨:· µ= ΅᾿=΅1΅·6!*!%
-= Τ6·¨΅+ compliance, auditing, /%( %;(¨·6΄*-*+ !*+ !=Θ·*!2+ ·¨*µ¨-:·*+ -!*· ᾿5.;* [7],
[93].

,Α·¨+, * ῟΅·%µ(/2 =·-Γµ.!Γ-* !=Θ·(/)· %·!(/=(µΑ·Γ· -΅µΛ.··=( %᾿¨∆%-(-!(/. -!*
΄Α∆΅5% !¨΅ Κ*∆(%/¨: Θ.-µ%!¨+, ᾿5¨-∆Α5¨·!%+ ῾-=+ =΅/%(5῾=+ -= Η¨(!*!Α+ µ= ῟(%∆¨5=!(/.
!=Θ·¨·¨΄(/. ΅᾿6Λ%15% /%( ῟(=΅/¨·:·¨·!%+ !* µ=!.Λ%-* ᾿5¨+ µ(% -Θ¨·2 ·¨µ(/2+ ᾿¨΅ %-
·!%᾿¨/5῾·=!%( -!(+ %᾿%(!2-=(+ !*+ =᾿¨Θ2+ !*+ !=Θ·*!2+ ·¨*µ¨-:·*+. Χ -!%῟(%/2 Ο=-µ(/2
΅(¨1Α!*-* !Α!¨(Γ· ᾿5%/!(/)· /%!%΄5.∆=!%( !6-¨ -= =1·(/Α+ -!5%!*΄(/Α+ (᾿.Θ. European
E-Justice Strategy 2024–2028) 6-¨ /%( -= ῟(=1·2 =5=΅·*!(/. ᾿5¨΄5.µµ%!%, /%1(-!)·!%+
!* ῟(%-:·῟=-* ·¨µ(/)· /%( !=Θ·(/)· ᾿5¨΄5%µµ.!Γ· -᾿¨΅῟)· 6Θ( %᾿·)+ =᾿(·¨΄2, %··. %-
·%΄/%(6!*!% ΄(% !¨ µΑ··¨· !¨΅ ῟(/%῾¨΅.

6.2 Σ-Λ+236Κ !Θ-0΅Θ-2Κ

Χ ῟(%5/)+ =᾿(!%Θ΅·6µ=·* ᾿56¨῟¨+ !*+ !=Θ·*!2+ ·¨*µ¨-:·*+ ΑΘ=( ¨῟*΄2-=( -!* Τ(Σ(/2
µ=!%µ65∆Γ-* !¨΅ ·¨µ(/¨: ¨(/¨-΅-!2µ%!¨+, ῟*µ(¨΅5΄)·!%+ -:·1=!=+ !=Θ·(/Α+ /%( Ο=-µ(/Α+
᾿5¨/·2-=(+ %··. /%( %·=/!῾µ*!=+ ῟΅·%!6!*!=+ /%(·¨!¨µ῾%+. ῝2µ=5%, !¨ Η.-µ% !Γ· -΅-
-!*µ.!Γ· 98 ᾿=5(·%µΛ.·=( !6-¨ ᾿%5%῟¨-(%/Α+ -΅µΛ¨·(/Α+ ᾿5¨-=΄΄῾-=(+, 6-¨ /%( -:΄Θ5¨·%
%·΄¨5(1µ(/. µ¨·!Α·% µ*Θ%·(/2+ µ.1*-*+ /%( µ=΄.·% ΄·Γ--(/. µ¨·!Α·%. ῭%5.··*·%, ΅Λ5(-
῟(/Α+ /%( ᾿¨·΅!5¨᾿(/Α+ %5Θ(!=/!¨·(/Α+ =᾿(!5Α᾿¨΅· !* -΅·῟΅%-!(/2 %;(¨᾿¨῾*-* ῟(%∆¨5=!(/)·
!=Θ·¨·¨΄()· ΄(% !*· /.·΅Κ* =;=(῟(/=΅µΑ·Γ· ·¨µ(/)· %·%΄/)· [92], [104].

Ε( Μ%-(/Α+ !=Θ·(/Α+ ᾿5¨/·2-=(+ -!¨ ·¨µ(/6 ¨(/¨-:-!*µ% !*+ !=Θ·*!2+ ·¨*µ¨-:·*+ %-
Η¨5¨:· !Α--=5(+ ᾿΅·)·=+ :
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• 8+Ο-3)23Μ)()· (robustness): Χ %·.΄/* !% -΅-!2µ%!% ·% ᾿%5%µΑ·¨΅· %;(6᾿(-!%,
%/5(Λ2 /%( %-∆%·2, %/6µ% /%( 6!%· %·!(µ=!Γ᾿῾Σ¨΅· %/5%῾%, .΄·Γ-!% 2 ᾿%5%µ¨5∆Γ-
µΑ·% ῟=῟¨µΑ·% =(-6῟¨΅ [92], [90].

• !Θ(.(΄2µΜ)()· (explainability): Χ (/%·6!*!% !Γ· -΅-!*µ.!Γ· ·% ᾿%5ΑΘ¨΅· /%!%-
·¨*!Α+, =᾿%·*1=:-(µ=+ /%( ῟(%∆%·=῾+ =;*΄2-=(+ ΄(% !% ¨΅!᾿΅!+ !¨΅+ – ᾿5¨Ι᾿61=-* ΄(%
!* ·¨΄¨῟¨-῾% /%( !*· %᾿¨῟¨Θ2 !¨΅+ %᾿6 !* ῟(/%-!(/2 /%( Τ΅1µ(-!(/2 /¨(·6!*!% [104].

• Φ%5΄·%µ5.Ν ΄- )5µ-΅Κ (domain adaptation): Χ !=Θ·¨·¨΄(/2 ῟΅·%!6!*!% !Γ· µ¨-
·!Α·Γ· ·% µ=!%∆Α5¨·!%( /%( ·% =;=(῟(/=:¨·!%( -= =᾿(µΑ5¨΅+ ·¨µ(/¨:+ !¨µ=῾+, /%·:᾿!¨-
·!%+ Ο=µ%!(/Α+ /%( =1·(/Α+ (῟(%(!=56!*!=+ [92], [55].

• Φ50῝.0*΄΄΅· & ῭2·΄῝+5%2·36Κ ῭῝+·)Μ)()-Κ (multilinguality, cross-jurisdictional

capabilities): Χ %·.΄/* ΄(% %;(6᾿(-!* ΅᾿¨-!25(;* ᾿¨··%᾿·)· ΄·Γ--)· /%( ῟(%/5%!(-
/)· =∆%5µ¨΄)·, µ= -!6Θ¨ !*· (-6!(µ* ᾿56-Λ%-* /%( !*· %·!(µ=!)᾿(-* !¨΅ Κ*∆(%/¨:
Θ.-µ%!¨+ [105].

Χ ῟(=1·2+ Μ(Λ·(¨΄5%∆῾% !¨·῾Σ=( 6!( ΄(% !*· =᾿῾·΅-* !Γ· ᾿%5%᾿.·Γ ᾿5¨/·2-=Γ· %᾿%(!=῾!%(
-΅·῟΅%-µ6+ ᾿5¨*΄µΑ·Γ· %·΄¨5(1µ(/)· !=Θ·(/)· (6᾿Γ+ (adversarial training, interpretable
machine learning, transfer learning), %᾿¨!=·=-µ%!(/)· µ*Θ%·(-µ)· =·Α΄Θ¨΅ /%( %;(¨·6΄*-
-*+ ((auditing, evaluation frameworks) /%( Τ΅1µ(-!(/2+ -΅µµ65∆Γ-*+ ((compliance µ= (AI
Act, GDPR) [104], [106].

,¨ ᾿%56· !µ2µ% %·%·:=( ῟(=;¨῟(/. !% ᾿%5%᾿.·Γ Υ*!2µ%!%, ᾿%5¨΅-(.Σ¨·!%+ =·῟=(/!(/Α+
!=Θ·(/Α+ ·:-=(+, =µ᾿=(5(/. ᾿%5%῟=῾΄µ%!% %᾿6 ῟(=1·2 -΅-!2µ%!% /%( !% =5=΅·*!(/. ᾿=῟῾%
᾿¨΅ %·%῟=(/·:¨·!%( Γ+ /5῾-(µ% ΄(% !¨ µΑ··¨· !*+ !=Θ·*!2+ ·¨*µ¨-:·*+ -!¨ ῟῾/%(¨.

6.2.1 Ρ-0)24΄-2Κ ΄)(+ ·+Ο-3)23Μ)()·

Χ %·1=/!(/6!*!% (robustness) %᾿¨!=·=῾ Ο=µ=·()῟=+ !=Θ·(/6 Υ*!¨:µ=·¨ -!*· ΅·¨᾿¨῾*-*
-΅-!*µ.!Γ· !=Θ·*!2+ ·¨*µ¨-:·*+ -!¨· !¨µΑ% !¨΅ ῟(/%῾¨΅, /%1)+ =᾿*5=.Σ=( .µ=-% !*· %;(¨-
᾿(-!῾%, !* ῟(%∆.·=(% /%( !*· /¨(·Γ·(/2 %᾿¨῟¨Θ2 !¨΅+. Ε 65¨+ %·%∆Α5=!%( -!*· (/%·6!*!%
=·6+ %·΄¨5(1µ(/¨: -΅-!2µ%!¨+ ·% ῟(%!*5=῾ -!%1=52 /%( %/5(Λ2 -΅µ᾿=5(∆¨5. %/6µ% /%(
6!%· =/!῾1=!%( -= %᾿56Λ·=᾿!%, %-%∆2, 2 /%/6Λ¨΅·% ᾿%5%µ¨5∆ΓµΑ·% ῟=῟¨µΑ·% =(-6῟¨΅ (ad-
versarial examples), /%1)+ /%( -= µ=!%Λ¨·Α+ !¨΅ ᾿=5(Λ.··¨·!¨+ Θ52-*+ (distribution shifts)
[92], [90].

9᾿6 !*· ᾿5)(µ* ᾿=5῾¨῟¨ !*+ -΅µΛ¨·(/2+ !=Θ·*!2+ ·¨*µ¨-:·*+ (symbolic AI & expert
systems), * %·1=/!(/6!*!% ῟(%-∆%·(Σ6!%· µΑ-Γ !*+ ᾿5¨-=/!(/2+ Θ=(5¨/῾·*!*+ /%!%΄5%∆2+
6·Γ· !Γ· ῟΅·%!)· /%!%-!.-=Γ· -= /%·6·=+ /%( Μ.-=(+ ΄·)-*+. 9΅!2 * ᾿5¨-Α΄΄(-*, %· /%(
=;%(5=!(/. ῟(%∆%·2+, ᾿=5(¨5(Σ6!%· %᾿6 !*· %῟΅·%µ῾% ·% %·!(µ=!Γ᾿῾-=( ᾿=5(᾿!)-=(+ ᾿Α5%
%᾿6 !(+ ᾿5¨/%1¨5(-µΑ·=+, ¨῟*΄)·!%+ Α!-( -= =΅15%΅-!6!*!% (fragility) 6!%· !% -΅-!2µ%!%
=/!῾1=·!¨ -= ·Α% 2 µ* ᾿5¨Λ·ΑΚ(µ% -=·.5(% [55].

Χ µ=!.Λ%-* -!% -:΄Θ5¨·% -΅-!2µ%!% µ*Θ%·(/2+ µ.1*-*+ /%( (῟(%῾!=5% -!% µ=΄.·%
΄·Γ--(/. µ¨·!Α·%, ΑΘ=( ΗΑ5=( µ(% ·Α% ῟(.-!%-* -!*· Α··¨(% !*+ %·1=/!(/6!*!%+. ,% -΅-
-!2µ%!% %΅!., %· /%( ᾿%5ΑΘ¨΅· -*µ%·!(/. µ=΄%·:!=5* =΅=·(;῾% /%( (/%·6!*!% ΄=·῾/=΅-*+
-= µ* ᾿5¨΄5%µµ%!(-µΑ·=+ ᾿=5(᾿!)-=(+, %·!(µ=!Γ᾿῾Σ¨΅· -¨Λ%5. Υ*!2µ%!% =΅%(-1*-῾%+ -=

118 76¨82µ·*6/( 9%῭·).·



6.2.1 ῏=·!()-=(+ -!*· %·1=/!(/6!*!%

%··%΄Α+ =(-6῟¨΅. Ζ%5%/!*5(-!(/. ᾿%5%῟=῾΄µ%!% %᾿¨!=·¨:· ¨( ᾿%5%(-12-=(+ (hallucina-
tions), ῟*·%῟2 * ᾿%5%΄Γ΄2 Η%(·¨µ=·(/. ¨51)· %··. -!*· ᾿5%΄µ%!(/6!*!% %·΅᾿6-!%!Γ·
/%( =-∆%·µΑ·Γ· %᾿%·!2-=Γ·, /%1)+ /%( * =΅%(-1*-῾% -= µ(/5Α+, /%/6Λ¨΅·=+ µ=!%Λ¨·Α+
-!(+ =(-6῟¨΅+ (adversarial examples), ᾿¨΅ µ᾿¨5=῾ ·% ¨῟*΄2-¨΅· -= =·!=·)+ ·%·1%-µΑ·=+
%᾿¨∆.-=(+ [92], [90], [55].

Β(% !*· %·!(µ=!)᾿(-* %΅!)· !Γ· !=Θ·(/)· ᾿5¨/·2-=Γ·, * ᾿56-∆%!* Μ(Λ·(¨΄5%∆῾% ΑΘ=(
᾿5¨!=῾·=( /%( =;=!.-=( ᾿·*1)5% µ=16῟Γ· /%( !=Θ·(/)· ·:-=Γ· :

• !3¨·΅῭-῝΄( µ- ·+)΅¨·0· ¨·%·῭-΅.µ·)· (Adversarial Training): ,% µ¨·!Α·% =/-
᾿%(῟=:¨·!%( -= Α·% -:·¨·¨ ῟=῟¨µΑ·Γ· ᾿¨΅ ᾿=5(·%µΛ.·=( 6Θ( µ6·¨ Ν/%·¨·(/.Ν ῟=῟¨µΑ·%,
%··. /%( !5¨᾿¨᾿¨(*µΑ·=+ =/῟¨ΘΑ+ !¨΅+ ᾿¨΅ ΑΘ¨΅· ῟*µ(¨΅5΄*1=῾ ΄(% ·% ᾿5¨/%·Α-¨΅·
=-/=µµΑ·% %-!¨Θ῾=+. 9΅!2 * !=Θ·(/2 =·(-Θ:=( !*· (/%·6!*!% !¨΅ -΅-!2µ%!¨+ ·% %·%-
΄·Γ5῾Σ=( /%( ·% %᾿¨∆=:΄=( ᾿%56µ¨(=+ µ=··¨·!(/Α+ =᾿(1Α-=(+ [92], [90].

• !µ¨05῝)2΄µΜΚ ῭-῭5µ6+*+ -3¨·΅῭-῝΄(Κ (Data Augmentation): 4= !* µΑ1¨῟¨ %΅!2
%΅;.·=!%( * ᾿¨(/(·¨µ¨5∆῾% !Γ· ῟=῟¨µΑ·Γ· =/᾿%῾῟=΅-*+, -΅µ᾿=5(·%µΛ.·¨·!%+ ᾿¨··%-
᾿·Α+ ᾿%5%··%΄Α+ ᾿5%΄µ%!(/)· ·¨µ(/)· /=(µΑ·Γ·, %/5%῾% -=·.5(% (=῟΄=-+%-=+), %·-
·. /%( ῟(%∆¨5=!(/Α+ ΄·Γ--(/Α+ 2 ᾿¨·(!(-µ(/Α+ =/῟¨ΘΑ+ /=(µΑ·Γ·. 9΅!6 Μ=·!()·=( !*
-!%!(-!(/2 ΄=·῾/=΅-* /%( µ=()·=( !¨ Τ῾-/¨ -∆%·µ.!Γ· 6!%· !¨ -:-!*µ% =/!=1=῾ -=
᾿5Γ!6΄·Γ5% 2 µ* ᾿5¨Λ·ΑΚ(µ% ῟=῟¨µΑ·% [90], [105].

• Σ-Λ+236Κ )·3)23ΝΚ 3·+5+235¨5΅(΄(Κ (Regularization techniques): 4Α1¨῟¨( 6᾿Γ+
!¨ dropout, !¨ weight decay /%( !¨ label smoothing =·-Γµ%!)·¨·!%( /%!. !*· =/᾿%-
῾῟=΅-* !Γ· µ¨·!Α·Γ·, ᾿5¨/=(µΑ·¨΅ ·% µ=(Γ1=῾ * ΅᾿=5᾿5¨-%5µ¨΄2 (overfitting), %΅-
;.·¨·!%+ Α!-( !*· %·1=/!(/6!*!% /%( !* ῟΅·%!6!*!% ΄=·῾/=΅-*+ -= ·Α%, .΄·Γ-!% ῟=῟¨-
µΑ·% =(-6῟¨΅ [92], [55].

• 8%Λ2)-3)5+236Κ ῝Α%2῭234+ ΄῝΄)(µ/)*+ (Hybrid architectures): Χ -΅·῟΅%-µΑ·*
Θ52-* -΅µΛ¨·(/)· ᾿5¨-=΄΄῾-=Γ· (symbolic AI, expert systems) µ= µ¨·!Α·% µ*Θ%·(/2+
µ.1*-*+ (µ%+*(·= ·=%5·(·΄) ῟*µ(¨΅5΄=῾ -΅-!2µ%!% ᾿¨΅ µ᾿¨5¨:· ·% =/µ=!%··=΅!¨:·
!% ᾿·=¨·=/!2µ%!% !*+ ῟(%∆.·=(%+ /%( !*+ ᾿5¨Λ·=Κ(µ6!*!%+ !Γ· /%·6·Γ· µ= !*· =΅=-
·(;῾% !Γ· -!%!(-!(/)· µ¨·!Α·Γ·, =·(-Θ:¨·!%+ -΅·¨·(/. !*· %·1=/!(/6!*!% -= ῟(.∆¨5=+
·¨µ(/Α+ =∆%5µ¨΄Α+ [55].

῝!*· ᾿5.;*, !Α!¨(=+ !=Θ·(/Α+ ΑΘ¨΅· =∆%5µ¨-!=῾ =᾿(!΅Θ)+ -= ῟(.∆¨5=+ ᾿=5(᾿!)-=(+, 6᾿Γ+ :

• Χ Θ52-* =/᾿%῾῟=΅-*+ µ= %·!῾᾿%·% ᾿%5%῟=῾΄µ%!% (adversarial training) -= -΅-!2µ%!%
/%!*΄¨5(¨᾿¨῾*-*+ ῟(/%-!(/)· %᾿¨∆.-=Γ· /%( %;(¨·6΄*-*+ /(·῟:·¨΅ (risk assessment
systems), 6᾿¨΅ ᾿%5%!*521*/= %:;*-* !*+ %/5῾Λ=(%+ /%( µ=῾Γ-* !Γ· -∆%·µ.!Γ· %-
/6µ% /%( 6!%· %·!(µ=!Γ᾿῾Σ¨΅· =-/=µµΑ·% ᾿%5%µ¨5∆ΓµΑ·% ῟=῟¨µΑ·% =(-6῟¨΅ [92],
[90].

• Χ ΅·¨᾿¨῾*-* ΅Λ5(῟(/)· -΅-!*µ.!Γ· -= ᾿·%!∆65µ=+ %΅!¨µ%!¨᾿¨῾*-*+ ·¨µ(/2+ Α5=΅-
·%+ /%( ῟(%Θ=῾5(-*+ -΅µΛ¨·%῾Γ· (automated contract analysis), -΅·῟΅.Σ¨·!%+ -΅µΛ¨-
·(/¨:+ /%·6·=+ ΄(% /5῾-(µ% ·¨µ(/. Υ*!2µ%!% µ= Μ%1(. µ¨·!Α·% µ*Θ%·(/2+ µ.1*-*+
΄(% =΅=·(;῾% /%( ᾿5¨-%5µ¨-!(/6!*!% [55].
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0=∆.·%(¨ 6. 4=··¨·!(/Α+ 0%!=΅1:·-=(+

• Χ %;(¨᾿¨῾*-* !=Θ·(/)· /%·¨·(/¨᾿¨῾*-*+ (regularization) /%( =µ᾿·¨΅!(-µ¨: ῟=῟¨µΑ·Γ·
(data augmentation) -= µ=΄.·% ΄·Γ--(/. µ¨·!Α·% =;=(῟(/=΅µΑ·% -!¨ ῟῾/%(¨ (᾿.Θ.
LegalBERT, LawGPT), µ= -/¨᾿6 !*· %᾿¨!=·=-µ%!(/6!=5* %·!(µ=!)᾿(-* !Γ· ᾿%5%(-
-12-=Γ· (hallucinations) /%( !* Μ=·!῾Γ-* !*+ -!%1=56!*!%+ -= =;=(῟(/=΅µΑ·% ·¨µ(/.
-:·¨·% ῟=῟¨µΑ·Γ·. [92], [90], [55].

Χ -΅·=Θ(Σ6µ=·* ᾿56¨῟¨+ -!¨· !¨µΑ% !*+ %·1=/!(/6!*!%+ ῟=· ᾿=5(¨5῾Σ=!%( µ6·¨ -!*·
!=Θ·(/2 ῟(.-!%-*. Χ =∆%5µ¨΄2 !Γ· -΅-!*µ.!Γ· %΅!)· -= ᾿5%΄µ%!(/. ῟(/%-!(/. /%( ῟(¨(-
/*!(/. ᾿=5(Λ.··¨·!% %᾿%(!=῾ =᾿῾-*+ %΅-!*5¨:+ µ*Θ%·(-µ¨:+ =·Α΄Θ¨΅, -΅·=Θ2 %;(¨·6΄*-*
-= Τ=%·(-!(/. -=·.5(% Θ52-*+ (real-world evaluation) /%( %΅-!*52 -΅µµ65∆Γ-* µ= /%·¨-
·(-!(/. ᾿·%῾-(% , )-!= ·% ῟(%-∆%·(-!=῾ 6!( !% -΅-!2µ%!% 98 ᾿%5%µΑ·¨΅· %-∆%·2, %;(6᾿(-!%
/%( /¨(·Γ·(/. %᾿¨῟=/!. [104].

6.2.2 Ρ-0)24΄-2Κ ΄)(+ -Θ(.Ν΄2µ( 0-2)5῝%.΅·

Χ =;*΄2-(µ* ·=(!¨΅5΄῾% %᾿¨!=·=῾ µ῾% %᾿6 !(+ ᾿·Α¨· Ο=µ=·()῟=(+ !=Θ·(/Α+ %᾿%(!2-=(+
-!% -:΄Θ5¨·% -΅-!2µ%!% !=Θ·*!2+ ·¨*µ¨-:·*+ -!¨· !¨µΑ% !¨΅ ῟(/%῾¨΅. Χ ῟΅·%!6!*!% =·6+
-΅-!2µ%!¨+ !=Θ·*!2+ ·¨*µ¨-:·*+ ·% =;*΄=῾ !(+ %᾿¨∆.-=(+ 2 !(+ ᾿5¨Λ·ΑΚ=(+ ᾿¨΅ ᾿%5.΄=( %-
᾿¨!=·=῾ %᾿%5%῾!*!* ᾿5¨Ι᾿61=-* !6-¨ ΄(% !* ·¨µ(/2 -΅µµ65∆Γ-* 6-¨ /%( ΄(% !* ῟(%!25*-*
!*+ =µ᾿(-!¨-:·*+ !Γ· Θ5*-!)· /%( !Γ· Ο=-µ(/)· Η¨5ΑΓ· -!¨ -:-!*µ%. Χ =;*΄*-(µ6!*-
!% -΅·῟Α=!%( .µ=-% µ= Υ*!2µ%!% ῟(%∆.·=(%+ (transparency), ·¨΄¨῟¨-῾%+ (accountability)
/%( ῟῾/%(*+ %·!(µ=!)᾿(-*+ (fairness), /%( %᾿¨!=·=῾ /=·!5(/2 ᾿5¨!=5%(6!*!% -!¨· 3΅5Γ᾿%-
Π/6 0%·¨·(-µ6 ΄(% !*· ,=Θ·*!2 Φ¨*µ¨-:·* [104], [107]. ,% ᾿5)!% -΅-!2µ%!% !=Θ·*!2+
·¨*µ¨-:·*+ -!¨ ῟῾/%(¨, !% -΅µΛ¨·(/. -΅-!2µ%!% (symbolic/expert systems), ᾿%5=῾Θ%· =/
Η:-=Γ+ ΅Κ*·2 =;*΄*-(µ6!*!%, /%1)+ ¨( %᾿¨∆.-=(+ !¨΅+ Μ%-῾Σ¨·!%· -= -%∆)+ ῟(%!΅᾿Γ-
µΑ·¨΅+ /%( =5µ*·=:-(µ¨΅+ /%·6·=+. 9·!῾1=!%, !% -:΄Θ5¨·% -΅-!2µ%!% µ*Θ%·(/2+ µ.1*-*+,
(῟(%῾!=5% !% Μ%1(. ·=΅5Γ·(/. ῟῾/!΅% /%( !% µ=΄.·% ΄·Γ--(/. µ¨·!Α·%, %· /%( ᾿%5¨΅-(.Σ¨΅·
=·!΅᾿Γ-(%/2 =΅=·(;῾% /%( %᾿¨!=·=-µ%!(/6!*!%, Θ%5%/!*5῾Σ¨·!%( -΅Θ·. %᾿6 !* ·=΄6µ=·* -΅-
µ᾿=5(∆¨5. Νµ%:5¨΅ /¨΅!(¨:Ν (black box), 6᾿¨΅ ¨( ῟(%῟(/%-῾=+ ·2Κ*+ %᾿¨∆.-=Γ· ῟=· =῾·%(
.µ=-% /%!%·¨*!Α+ 2 =5µ*·=:-(µ=+ %᾿6 !¨· .·15Γ᾿¨ [107], [89]. Β(% !*· %·!(µ=!)᾿(-* %΅-
!2+ !*+ /5῾-(µ*+ ᾿56/·*-*+, * =᾿(-!*µ¨·(/2 Μ(Λ·(¨΄5%∆῾% ᾿5¨!=῾·=( ῟(.∆¨5=+ !=Θ·(/Α+ /%(
᾿5¨-=΄΄῾-=(+ :

• ,5+)60· µ- -..-+Ν -Θ(.(΄2µΜ)()· (intrinsically explainable models): 4¨·!Α·%
6᾿Γ+ !% decision trees, !% -΅µΛ¨·(/. µ¨·!Α·% /%( !% Bayesian networks ᾿%5ΑΘ¨΅·
῟(%∆%·2 /%( /%!%·¨*!2 ῟¨µ2 %᾿¨∆.-=Γ·, /.!( (῟(%῾!=5% Θ52-(µ¨ ΄(% ·¨µ(/Α+ =∆%5-
µ¨΄Α+ ᾿¨΅ %᾿%(!¨:· %᾿6·΅!* -%∆2·=(% [107], [89].

• !3 )*+ ῝΄)6%*+ )-Λ+236Κ -%µ(+-΅·Κ (post-hoc explainability): ,=Θ·(/Α+ 6᾿Γ+ !¨
LIME (Local Interpretable Model-Agnostic Explanations), !¨ SHAP (Shapley Additive
Explanations), /%( !% attention-based visualizations =᾿(!5Α᾿¨΅· !*· =/ !Γ· ΅-!Α5Γ·
=5µ*·=῾% !Γ· %᾿¨∆.-=Γ· ᾿¨·:᾿·¨/Γ· µ¨·!Α·Γ·. 9΅!Α+ ¨( !=Θ·(/Α+ ᾿%5ΑΘ¨΅· !* ῟΅-
·%!6!*!% ·% /%!%·¨*1=῾ ᾿¨(=+ ᾿%5.µ=!5¨( /%( ῟=῟¨µΑ·% =(-6῟¨΅ =῾Θ%· !¨ µ=΄%·:!=5¨
Μ.5¨+ -!(+ %᾿¨∆.-=(+ [106], [107], [89].
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6.2.3 ,=Θ·(/Α+ ᾿5¨-%5µ¨΄2+ -!¨· !¨µΑ%

• !Π·%µ5.Ν ῝Α%2῭234+ ΄῝΄)(µ/)*+ (hybrid approaches):῝΅·῟΅.Σ¨΅· !* -΅µΛ¨·(/2
᾿5¨-Α΄΄(-* /%( !¨΅+ /%·6·=+ µ= µ¨·!Α·% Μ%1(.+ µ.1*-*+, )-!= * ῟(%῟(/%-῾% ·2Κ*+
%᾿¨∆.-=Γ· ·% ᾿%5%µΑ·=( /%!%·¨*!2 ΘΓ5῾+ ·% Ο΅-(.Σ=!%( * =΅=·(;῾% /%( * ῟΅·%!6!*!%
΄=·῾/=΅-*+ [55].

Χ Μ(Λ·(¨΄5%∆῾% =᾿(-*µ%῾·=( 6!( * =·῾-Θ΅-* !*+ =;*΄*-(µ6!*!%+ ῟=· %᾿¨!=·=῾ %᾿·)+
!=Θ·(/2 %᾿%῾!*-*, %··. ᾿5¨Ι᾿61=-* Ο=-µ(/2+ /%( /¨(·Γ·(/2+ %᾿¨῟¨Θ2+ !Γ· -΅-!*µ.!Γ·
!=Θ·*!2+ ·¨*µ¨-:·*+ -!¨ ῟῾/%(¨. ῝= ᾿56-∆%!=+ µ=·Α!=+ ΅᾿¨΄5%µµ῾Σ=!%( 6!( ¨( Θ52-!=+
(῟(/%-!Α+, ῟(/*΄65¨(, ᾿¨·῾!=+) =µ᾿(-!=:¨·!%( ᾿=5(--6!=5¨ -΅-!2µ%!% ᾿¨΅ ᾿%5ΑΘ¨΅· -%∆=῾+
=;*΄2-=(+ /%( µ᾿¨5¨:· ·% %(!(¨·¨΄2-¨΅· µ= ῟(%∆%·2 !56᾿¨ !(+ %᾿¨∆.-=(+ !¨΅+ [89].

3᾿(᾿·Α¨·, * 3΅5Γ᾿%Π/2 -!5%!*΄(/2 ΄(% !*· Χ·=/!5¨·(/2 7(/%(¨-:·* /%( ¨ 3΅5Γ᾿%-
Π/6+ 0%·¨·(-µ6+ ΄(% !*· ,=Θ·*!2 Φ¨*µ¨-:·* %᾿%(!¨:· %᾿6 !(+ ·¨µ(/Α+ =∆%5µ¨΄Α+ !=Θ·*!2+
·¨*µ¨-:·*+ %΅-!*5¨:+ µ*Θ%·(-µ¨:+ ῟(%∆.·=(%+ /%( =;*΄*-(µ6!*!%+, µ= ΅᾿¨Θ5=Γ!(/2 /%-
!%΄5%∆2 /%( ᾿%5¨΅-῾%-* !Γ· /5(!*5῾Γ· %᾿¨∆.-=Γ· -= /.1= -!.῟(¨ !*+ ῟(%῟(/%-῾%+, )-!= ·%
῟(%-∆%·῾Σ=!%( * ῟(%∆.·=(%, * ·¨΄¨῟¨-῾% /%( * ᾿5¨-!%-῾% !Γ· ῟(/%(Γµ.!Γ· !Γ· ᾿¨·(!)· [104].
0%1)+ ¨( %᾿%(!2-=(+ ΄(% =;*΄*-(µ6!*!% %΅;.·¨·!%(, * Α5=΅·% -΅·=Θ῾Σ=( ·% =᾿(/=·!5)·=!%(
-= /%(·¨!6µ=+ !=Θ·(/Α+ 6᾿Γ+ * =·-Γµ.!Γ-* causal inference -= µ¨·!Α·% 98, * %·.᾿!΅;*
semantic explainability frameworks /%( * =·῾-Θ΅-* !*+ ῟(%∆.·=(%+ µΑ-Γ !*+ !΅᾿¨᾿¨῾*-*+
!Γ· audit trails /%( !*+ -΅-!*µ%!(/2+ %;(¨·6΄*-*+ !*+ =5µ*·=΅-(µ6!*!%+ µΑ-Γ ᾿5¨!:᾿Γ·
6᾿Γ+ !¨ ISO/IEC /%( !¨ IEEE[89].

6.2.3 Σ-Λ+236Κ ¨%5΄·%µ5.ΝΚ ΄)5+ )5µ6·

Χ ᾿5¨-%5µ¨΄2 -!¨· !¨µΑ% (domain adaptation) %᾿¨!=·=῾ Α·% /5῾-(µ¨ !=Θ·(/6 Υ2!*µ%
/%!. !*· %·.᾿!΅;* -΅-!*µ.!Γ· !=Θ·*!2+ ·¨*µ¨-:·*+ -!¨ ῟῾/%(¨, ῟=῟¨µΑ·¨΅ 6!( * =᾿(!΅Θ῾%
%΅!)· !Γ· -΅-!*µ.!Γ· =;%5!.!%( .µ=-% %᾿6 !*· (/%·6!*!. !¨΅+ ·% ᾿5¨-%5µ6Σ¨·!%( %᾿¨!=-
·=-µ%!(/. -!% (῟(%῾!=5% Θ%5%/!*5(-!(/. ῟(%∆¨5=!(/)· ·¨µ(/)· /·.῟Γ· /%( ᾿=5(Λ%··6·!Γ·.
῝= %·!῾1=-* µ= ΄=·(/. µ¨·!Α·% !=Θ·*!2+ ·¨*µ¨-:·*+, !% ¨᾿¨῾% =/᾿%(῟=:¨·!%( -= µ=΄.·%,
΄=·(/¨: !:᾿¨΅ -΅·6·¨΅ ῟=῟¨µΑ·Γ·, ¨( ·¨µ(/Α+ =∆%5µ¨΄Α+ !=Θ·*!2+ ·¨*µ¨-:·*+ %᾿%(!¨:·
΅Κ*·6 Μ%1µ6 =;=(῟῾/=΅-*+ ΄(% !*· =᾿῾!=΅;* %᾿¨῟=/!)· =᾿(῟6-=Γ· [92], [55]. ,% -΅-!2µ%!%
!=Θ·*!2+ ·¨*µ¨-:·*+ -!¨ ῟῾/%(¨ -΅Θ·. /%·¨:·!%( ·% ·=(!¨΅5΄2-¨΅· -= ᾿¨(/῾·% /%( =;=(῟(-
/=΅µΑ·% ·¨µ(/. ᾿·%῾-(%, 6᾿Γ+ !¨ ᾿¨(·(/6, !¨ %-!(/6, !¨ ῟(¨(/*!(/6 2 !¨ =µ᾿¨5(/6 ῟῾/%(¨.
0.1= Α·%+ %᾿6 %΅!¨:+ !¨΅+ !¨µ=῾+ Θ%5%/!*5῾Σ=!%( %᾿6 (῟(%῾!=5* ¨5¨·¨΄῾%, ῟(%῟(/%-῾=+ /%(
᾿56!΅᾿% ᾿¨΅ %᾿%(!¨:· !*· ᾿5¨-%5µ¨΄2 !Γ· µ¨·!Α·Γ·, Α!-( )-!= ·% ᾿%5ΑΘ¨΅· %;(6᾿(-!=+ /%(
%/5(Λ=῾+ %᾿¨∆.-=(+ 2 ᾿5¨!.-=(+ [55], [107].

Χ Μ(Λ·(¨΄5%∆῾% ΑΘ=( %·%΄·Γ5῾-=( µ(% -=(5. %᾿6 %᾿¨!=·=-µ%!(/Α+ !=Θ·(/Α+ ΄(% !*· ᾿5¨-
-%5µ¨΄2 !Γ· µ¨·!Α·Γ· 98 -= ·¨µ(/¨:+ !¨µ=῾+, ¨( ¨᾿¨῾=+ ᾿=5(·%µΛ.·¨΅· :

• !Θ-2῭23-῝µ6+( -3¨·΅῭-῝΄( (fine-tuning): ,% µ¨·!Α·% %5Θ(/. =/᾿%(῟=:¨·!%( -= µ=-
΄.·% ΄=·(/. -:·¨·% ῟=῟¨µΑ·Γ· (᾿.Θ. Wikipedia, ΄=·(/Α+ ·¨µ(/Α+ Μ.-=(+) /%( -!* -΅-
·ΑΘ=(% ΅᾿¨Λ.··¨·!%( -= ῟=΅!=5¨΄=·2 =/᾿%῾῟=΅-* (fine-tuning) -= =;=(῟(/=΅µΑ·% ·¨µ(/.
-:·¨·% ῟=῟¨µΑ·Γ·, )-!= ·% =·-Γµ%!)·¨΅· !* -΅΄/=/5(µΑ·* ·¨µ(/2 ¨5¨·¨΄῾% /%( !(+
(῟(%(!=56!*!=+ !¨΅ %·!῾-!¨(Θ¨΅ ·¨µ(/¨: /·.῟¨΅ [92], [107].
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• ,-)·Π5%/ µ/Ο(΄(Κ (transfer learning):Ζ5*-(µ¨᾿¨()·!%+ ᾿5¨Ι᾿.5Θ¨΅-% ΄·)-* %-
᾿6 =/᾿%(῟=΅µΑ·% µ¨·!Α·% (᾿.Θ. GPT, BERT), * µ=!%∆¨5. µ.1*-*+ =᾿(!5Α᾿=( !*·
%᾿¨!=·=-µ%!(/2 ᾿5¨-%5µ¨΄2 !¨΅ -΅-!2µ%!¨+ -= ·Α=+ ·¨µ(/Α+ ΅᾿¨᾿=5(¨ΘΑ+ µ= ᾿=5(¨5(-
-µΑ·% -:·¨·% ῟=῟¨µΑ·Γ·, µ=()·¨·!%+ !¨· %᾿%(!¨:µ=·¨ Θ56·¨ /%( /6-!¨+ ᾿5¨-%5µ¨΄2+
[92], [55], [107].

• ,/Ο(΄( µ- 0΅.· ¨·%·῭-΅.µ·)· (few-shot learning): 8῟(%῾!=5% Θ52-(µ* -!(+ ·¨µ(/Α+
΅᾿¨᾿=5(¨ΘΑ+ 6᾿¨΅ ῟=· ΅᾿.5Θ¨΅· =/!=·2 -:·¨·% ῟=῟¨µΑ·Γ·. 4= !*· !=Θ·(/2 %΅!2,
!% µ¨·!Α·% µ᾿¨5¨:· ·% ᾿5¨-%5µ6Σ¨·!%( µ= =·.Θ(-!% =;=(῟(/=΅µΑ·% ᾿%5%῟=῾΄µ%!%,
%;(¨᾿¨()·!%+ !*· ΅᾿.5Θ¨΅-% ΄·)-* %᾿6 ΄=·(/6!=5* =/᾿%῾῟=΅-* [55], [107].

• ,(Λ·+2΄µ5΅ ΄῝+-Λ5ΧΚ µ/Ο(΄(Κ (continuous learning): 4= !* -΅·=Θ2 =·-Γµ.!Γ-*
·ΑΓ· ῟=῟¨µΑ·Γ· /%( !* ῟΅·%µ(/2 =᾿(/%(5¨᾿¨῾*-* !Γ· µ¨·!Α·Γ·, =᾿(!΅΄Θ.·=!%( %᾿¨-
!=·=-µ%!(/2 /%( ῟(%5/2+ ᾿5¨-%5µ¨΄2 -!% µ=!%Λ%··6µ=·% ·¨µ(/. ᾿=5(Λ.··¨·!%, ᾿.Θ.
µ=!%Λ¨·Α+ ·¨µ¨1=-῾%+, ·Α=+ ῟(/%-!(/Α+ %᾿¨∆.-=(+ 2 %··%΄Α+ -!¨· !56᾿¨ =5µ*·=῾%+ !Γ·
·¨µ(/)· =··¨()· [92], [55].

,Α·¨+, * =∆%5µ¨΄2 -΅-!*µ.!Γ· ᾿5¨-%5µ¨΄2+ -!¨· !¨µΑ% %᾿%(!=῾ %΅-!*52 -΅µµ65∆Γ-
-* µ= Ο=-µ(/. /%( /%·¨·(-!(/. ᾿56!΅᾿%, 6᾿Γ+ ¨ 3΅5Γ᾿%Π/6+ 0%·¨·(-µ6+ ΄(% !*· ,=Θ·*!2
Φ¨*µ¨-:·* /%( ¨ Β=·(/6+ 0%·¨·(-µ6+ ΄(% !*· ῭5¨-!%-῾% 7=῟¨µΑ·Γ· (GDPR), )-!= ·% ῟(%-
-∆%·῾Σ=!%( 6!( !% ᾿5¨-%5µ¨-µΑ·% µ¨·!Α·% ·=(!¨΅5΄¨:· =·!6+ Ο=-µ(/. %᾿¨῟=/!)· ᾿·%(-῾Γ·,
῟(%!*5)·!%+ ΅Κ*·. =᾿῾᾿=῟% ῟(%∆.·=(%+, ·¨΄¨῟¨-῾%+ /%( ᾿5¨-!%-῾%+ !Γ· ῟(/%(Γµ.!Γ· !Γ·
᾿¨·(!)· [104].

6.2.4 Φ50῝.0*΄΄΅· 3·2 72·΄῝+5%2·36Κ 7῝+·)Μ)()-Κ

Χ ᾿¨·΅΄·Γ--῾% /%( ¨( ῟(%-΅·¨5(%/Α+ ῟΅·%!6!*!=+ %᾿¨!=·¨:· /5῾-(µ% Θ%5%/!*5(-!(/.
!Γ· -:΄Θ5¨·Γ· -΅-!*µ.!Γ· !=Θ·*!2+ ·¨*µ¨-:·*+ ᾿¨΅ =∆%5µ6Σ¨·!%( -!¨· ·¨µ(/6 !¨µΑ%. 0%-
Ο)+ * ᾿%΄/¨-µ(¨᾿¨῾*-* =·(-Θ:=( !(+ ῟(=1·=῾+ ·¨µ(/Α+ -΅·%··%΄Α+, * %·.΄/* ΄(% -΅-!2µ%!%
᾿¨΅ µ᾿¨5¨:· ·% ·=(!¨΅5΄2-¨΅· %᾿¨!=·=-µ%!(/. -= ᾿¨··%᾿·. ΄·Γ--(/. /%( ᾿¨·(!(-µ(/.
᾿=5(Λ.··¨·!% /%1῾-!%!%( 6·¨ /%( ᾿(¨ Α·!¨·*. ῝!¨ ᾿·%῾-(¨ %΅!6, * %·.᾿!΅;* µ¨·!Α·Γ· /%(
!=Θ·(/)· ᾿¨΅ =᾿(!5Α᾿¨΅· %;(6᾿(-!=+ /%( ΅Κ*·2+ ᾿¨(6!*!%+ ᾿¨·΅΄·Γ--(/Α+ =∆%5µ¨΄Α+ -!¨
῟῾/%(¨, /%1῾-!%!%( ᾿5Γ!%5Θ(/2+ -*µ%-῾%+ [92], [55], [107], [74].

Χ %·.΄/* ΄(% =;=(῟(/=΅µΑ·% ῟=῟¨µΑ·% =/᾿%῾῟=΅-*+ ΄῾·=!%( %/6µ% ᾿(¨ Α·!¨·* -= ᾿¨-
·:΄·Γ--% /5.!* 2 ῟(=1·2 ¨5΄%·(-µ¨:+, 6᾿¨΅ * ·¨µ(/2 %/5῾Λ=(% µ=!%;: !Γ· ΄·Γ--)· ᾿5Α᾿=(
·% ῟(%!*5=῾!%( µ= %᾿6·΅!* %΅-!*56!*!% [107], [74].Ν3·% ᾿¨·: Θ%5%/!*5(-!(/6 ᾿%5.῟=(΄µ%
=῾·%( * 3·Λ=!῾%, µ(% Θ)5% µ= !Α--=5(+ =᾿῾-*µ=+ ΄·)--=+ (Β=5µ%·(/., Β%··(/., 8!%·(/. /%(
Ψ=!¨5¨µ%·(/.), -!*· ¨᾿¨῾% * %·.΄/* ΄(% ᾿¨·΅΄·Γ--(/Α+ ·¨µ(/Α+ µ=!%∆5.-=(+ =῾·%( (῟(%῾!=5%
%΅;*µΑ·*.

Χ %·.·΅-* /%( %;(¨·6΄*-* !Γ· -΅-!*µ.!Γ· ᾿¨΅ ῟(=;2Θ1* -!¨ ᾿·%῾-(¨ !¨΅ SwiLTra-
Bench %·Α῟=(;= %5/=!. -*µ%·!(/. =΅52µ%!%[74]:

• ,% frontier µ¨·!Α·%, 6᾿Γ+ !¨ Claude-3.5-Sonnet[108], =᾿(!΅΄Θ.·¨΅· ᾿¨·: ΅Κ*·Α+
=᾿(῟6-=(+ -= µ=!%∆5.-=(+ ·¨µ(/)· /=(µΑ·Γ· -= ᾿¨··%᾿·Α+ ΄·)--=+, =·) =(῟(/=΅µΑ·%
-΅-!2µ%!% µ=!.∆5%-*+, 6᾿Γ+ !¨ MADLAD-400, ᾿%5¨΅-(.Σ¨΅· =;%(5=!(/Α+ =᾿(῟6-=(+
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6.3 9·.᾿!΅;* ΅Λ5(῟(/)· -΅-!*µ.!Γ·

-= -΅΄/=/5(µΑ·¨΅+ !:᾿¨΅+ ·¨µ(/)· /=(µΑ·Γ·, %··. ῟΅-/¨·=:¨·!%( ᾿=5(--6!=5¨ -=
.··¨΅+ !:᾿¨΅+

• Χ !=Θ·(/2 !*+ ·=᾿!¨µ=5¨:+ ᾿5¨-%5µ¨΄2+ -= =;=(῟(/=΅µΑ·% ·¨µ(/. ῟=῟¨µΑ·% Μ=·!()·=(
-*µ%·!(/. !*· ᾿¨(6!*!% !Γ· µ=!%∆5.-=Γ·, Γ-!6-¨, %/6µ% /%( %΅!. !% µ¨·!Α·% ΅᾿¨-
·=῾᾿¨·!%( !Γ· /¨5΅∆%῾Γ· «frontier» µ¨·!Α·Γ· ᾿¨΅ %;(¨·¨΄¨:·!%( -= Υ=5¨--*¨! -=·.5(%
.

• ,% -΅-!2µ%!% ᾿%5¨΅-(.Σ¨΅· ¨µ¨(6µ¨5∆* %᾿6῟¨-* -!(+ ᾿=5(--6!=5=+ %᾿6 !(+ ΄·)--=+,
%··. %·!(µ=!Γ᾿῾Σ¨΅· µ=΄%·:!=5=+ ᾿5¨/·2-=(+ -!* µ=!.∆5%-* %᾿6 2 ᾿5¨+ ΄·)--=+ µ=
·(΄6!=5¨΅+ ῟(%1Α-(µ¨΅+ ᾿65¨΅+ (6᾿Γ+ * Ψ=!¨5¨µ%·(/2), ΄=΄¨·6+ ᾿¨΅ !¨·῾Σ=( !*· %-
·.΄/* ΄(% ᾿=5%(!Α5Γ %·.᾿!΅;* /%( Μ=·!῾Γ-* !Γ· -΅-!*µ.!Γ· -!(+ ·(΄6!=5¨ ¨µ(·¨:µ=-
·=+ ΄·)--=+.

,Α·¨+, ¨( !=Θ·(/Α+ ᾿¨·΅΄·Γ--(/6!*!%+ /%( ῟(%-΅·¨5(%/2+ ᾿5¨-%5µ¨΄2+ ῟=· ᾿=5(¨5῾Σ¨-
·!%( -!*· %᾿·2 µ=!.∆5%-* /=(µΑ·Γ·, %··. µ᾿¨5¨:· ·% =᾿=/!%1¨:· -= ᾿¨·: ᾿(¨ -:·1=!=+
῟(%῟(/%-῾=+ 6᾿Γ+ * ·¨µ(/2 %·.·΅-* /%( * %΅!¨µ%!¨᾿¨῾*-* ῟(%-΅·¨5(%/)· ·¨µ(/)· ῟(%῟(-
/%-()· (cross-jurisdictional automation). ῝!¨ ᾿·%῾-(¨ %΅!6, * -΅·=Θ2+ -΅·=5΄%-῾% µ=!%;:
·¨µ(/)· /%( µ*Θ%·(/)·, /%1)+ /%( * -΅µµ65∆Γ-* µ= ῟(=1·=῾+ /%·¨·(-µ¨:+, %᾿¨!=·¨:· Μ%-
-(/Α+ ᾿5¨Ι᾿¨1Α-=(+ ΄(% !*· =᾿(!΅Θ*µΑ·* %·.᾿!΅;* -΅-!*µ.!Γ· ᾿¨΅ Ο% =῾·%( ᾿5%΄µ%!(/.
%᾿¨!=·=-µ%!(/. /%( %᾿¨῟=/!. -!¨ ῟(=1·Α+ ·¨µ(/6 ¨(/¨-:-!*µ% [104].

6.3 8+/¨)῝Θ( ῝Α%2῭234+ ΄῝΄)(µ/)*+

Χ %·.᾿!΅;* ΅Λ5(῟(/)· -΅-!*µ.!Γ· !=Θ·*!2+ ·¨*µ¨-:·*+ %᾿¨!=·=῾ µ(% -!5%!*΄(/2 ᾿5¨-
-Α΄΄(-* ᾿¨΅ -΅·῟΅.Σ=( ῟(%∆¨5=!(/. µ¨·!Α·%, !=Θ·¨·¨΄῾=+ /%( !=Θ·(/Α+, µ= -/¨᾿6 !* ΜΑ·!(-!*
%;(¨᾿¨῾*-* !Γ· ᾿·=¨·=/!*µ.!Γ· !¨΅+ /%( !*· %·!(µ=!)᾿(-* !Γ· ᾿=5(¨5(-µ)· ᾿¨΅ ᾿%5¨΅-(-
.Σ=( /.1= =᾿(µΑ5¨΅+ !=Θ·¨·¨΄῾% ;=ΘΓ5(-!.. ῝!¨ ᾿=῟῾¨ !¨΅ ῟(/%῾¨΅, !% ΅Λ5(῟(/. -΅-!2µ%!%
%᾿¨/!¨:· (῟(%῾!=5* -*µ%-῾%, /%1)+ * ᾿¨·΅᾿·¨/6!*!% !Γ· ·¨µ(/)· Υ*!*µ.!Γ· %᾿%(!=῾ !¨·
-΅·῟΅%-µ6 ᾿¨··%᾿·)· /%( -΅µ᾿·*5Γµ%!(/)· !=Θ·¨·¨΄(/)· µ=16῟Γ· ΄(% !* ῟(%-∆.·(-* !*+
%/5῾Λ=(%+, !*+ %;(¨᾿(-!῾%+ /%( !*+ ῟(%∆.·=(%+ !Γ· %᾿¨!=·=-µ.!Γ· [104], [55], [107].

Ε 65¨+ ΅Λ5(῟(/. -΅-!2µ%!% %·%∆Α5=!%( /΅5῾Γ+ -!* -΅·῟΅%-!(/2 %;(¨᾿¨῾*-* !Γ· -΅µ-
Μ¨·(/)· ᾿5¨-=΄΄῾-=Γ· (symbolic AI), 6᾿Γ+ !% -΅-!2µ%!% Μ%-(-µΑ·% -= /%·6·=+ (rule-based
systems), µ%Σ῾ µ= -:΄Θ5¨·% µ¨·!Α·% µ*Θ%·(/2+ µ.1*-*+ (machine learning), Μ%1(. ·=΅-
ΤΓ·(/. ῟῾/!΅% (deep neural networks), µ=΄.·% ΄·Γ--(/. µ¨·!Α·% (LLMs), /%( !=Θ·(/Α+ =-
᾿=;=5΄%-῾%+ Η΅-(/2+ ΄·)--%+. 3(῟(/6!=5% -!¨· !¨µΑ% !¨΅ ῟(/%῾¨΅, !% ΅Λ5(῟(/. -΅-!2µ%!%
-!¨Θ=:¨΅· -!*· =᾿῾!=΅;* µ(%+ (-¨55¨᾿῾%+ µ=!%;: !*+ ῟(%∆.·=(%+ /%( !*+ =;*΄*-(µ6!*!%+ !Γ·
-΅µΛ¨·(/)· -΅-!*µ.!Γ· %᾿6 !* µ῾% ᾿·=΅5., /%( !*+ ΅Κ*·2+ =΅=·(;῾%+ /%( %᾿¨!=·=-µ%!(-
/6!*!%+ ᾿¨΅ ᾿5¨-∆Α5¨΅· !% µ¨·!Α·% µ*Θ%·(/2+ µ.1*-*+ %᾿6 !*· .··* [92], [107].

∆ ·+/¨)῝Θ( ῝Α%2῭234+ ΄῝΄)(µ/)*+ ¨%5΄Π6%-2 µ2· ΄-2%/ ·¨Μ ΄(µ·+)23/ ¨0-5-

+-3)Νµ·)· :

• Ρ-0)΅*΄( )(Κ -Θ(.(΄2µΜ)()·Κ (explainability):,% ΅Λ5(῟(/. -΅-!2µ%!% %;(¨᾿¨(¨:·
-΅µΛ¨·(/¨:+ /%·6·=+ /%( ῟(%∆%·=῾+ ῟¨µΑ+ -= /5῾-(µ% -*µ=῾% !*+ ῟(%῟(/%-῾%+ ·2Κ*+
%᾿¨∆.-=Γ·, /%1(-!)·!%+ =΅/¨·6!=5* !*· /%!%·6*-* /%( !*· %(!(¨·6΄*-* !Γ· !=·(/)·
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%᾿¨!=·=-µ.!Γ· !¨΅+. ,%΅!6Θ5¨·%, %;(¨᾿¨(¨:· !(+ ῟΅·%!6!*!=+ ΄=·῾/=΅-*+ /%( =΅=·(-
;῾%+ !Γ· µ¨·!Α·Γ· µ*Θ%·(/2+ µ.1*-*+ 6᾿¨΅ * =5µ*·=῾% =῾·%( ·(΄6!=5¨ /5῾-(µ* [107],
[89].

• 8ΧΘ(΄( )(Κ ·+Ο-3)23Μ)()·Κ (robustness): Χ -΅·῟΅%-!(/2 Θ52-* ᾿¨··%᾿·)· µ¨-
·!Α·Γ· µ=()·=( !¨· /῾·῟΅·¨ !Γ· -∆%·µ.!Γ·, !Γ· «᾿%5%(-12-=Γ·» (*%··΅+(·%!(¨·+) /%(
!Γ· ᾿5¨Λ·*µ.!Γ· ᾿¨΅ -Θ=!῾Σ¨·!%( µ= adversarial examples, /%1)+ !% -΅µΛ¨·(/. /%(
-!%!(-!(/. µ¨·!Α·% ·=(!¨΅5΄¨:· -΅µ᾿·*5Γµ%!(/. Γ+ ᾿5¨+ !*· %·!(µ=!)᾿(-* %῟΅·%µ(-
)· 2 ·%1)· [92], [90].

• !Θ-2῭23-῝µ6+( ¨%5΄·%µ5.Ν (domain adaptation): ,% ΅Λ5(῟(/. -΅-!2µ%!% =᾿(-
!5Α᾿¨΅· ᾿(¨ =:/¨·* /%( %᾿¨!=·=-µ%!(/2 ᾿5¨-%5µ¨΄2 -= -΅΄/=/5(µΑ·¨΅+ ·¨µ(/¨:+
!¨µ=῾+, %∆¨: µ᾿¨5¨:· ·% -΅·῟΅.Σ¨΅· ΄=·(/. -!%!(-!(/. µ¨·!Α·% µ= =;=(῟(/=΅µΑ·¨΅+
/%·6·=+ 2 !¨᾿(/2 ΄·)-*, ᾿%5ΑΘ¨·!%+ Α!-( µ=΄%·:!=5* %/5῾Λ=(% /%( =΅=·(;῾% -= ῟(%∆¨-
Τ=!(/. ·¨µ(/. ᾿·%῾-(% [55], [107].

• Ρ-0)΅*΄( )(Κ ῭2·΄῝+5%2·3ΝΚ 0-2)5῝%.΅·Κ 3·2 ¨50῝.0*΄΄΅·Κ (multilinguality):

4= !* -΅·῟΅%-!(/2 Θ52-* ᾿¨·΅΄·Γ--(/)· ·=΅5Γ·(/)· µ¨·!Α·Γ· /%( -΅µΛ¨·(/)· ·=-
;(/¨΄5%∆(/)· /%·6·Γ·, !% ΅Λ5(῟(/. -΅-!2µ%!% µ᾿¨5¨:· ·% ῟(%!*52-¨΅· ΅Κ*·2 ᾿¨(-
6!*!% /%( ·¨µ(/2 %/5῾Λ=(% -= ᾿¨·:᾿·¨/=+ µ=!%∆5%-!(/Α+ =∆%5µ¨΄Α+, =;΅᾿*5=!)·!%+
Α!-( /%·:!=5% !(+ ῟(=1·=῾+ /%( ᾿¨·΅΄·Γ--(/Α+ %·.΄/=+ !¨΅ ·¨µ(/¨: !¨µΑ% [55], [74].

6.3.1 Φ0·΅΄2· ΄῝+-%.·΄΅·Κ µ-)·ΘΧ ·+Ο%4¨*+ 3·2 )-Λ+()ΝΚ +5(µ5΄Χ+(Κ

Χ %᾿¨!=·=-µ%!(/2 -΅·=5΄%-῾% µ=!%;: %·15)᾿Γ· /%( -΅-!*µ.!Γ· !=Θ·*!2+ ·¨*µ¨-:·*+
(Human-AI Collaboration) %᾿¨!=·=῾ µ(% -!5%!*΄(/2 ᾿5¨-Α΄΄(-* ᾿¨΅ -!¨Θ=:=( -!*· %;(¨᾿¨-
῾*-* !Γ· /%·:!=5Γ· Θ%5%/!*5(-!(/)· !6-¨ !¨΅ %·15)᾿¨΅ 6-¨ /%( !*+ !=Θ·¨·¨΄῾%+, ΄(% !*
Μ=·!(-!¨᾿¨῾*-* !Γ· ·¨µ(/)· ῟(%῟(/%-()· /%( !* ῟(%-∆.·(-* !*+ ΅Κ*·6!=5*+ ῟΅·%!2+ ᾿¨(-
6!*!%+ -!(+ ·¨µ(/Α+ ΅᾿*5=-῾=+. ῝!¨ ᾿·%῾-(¨ %΅!6, * !=Θ·*!2 ·¨*µ¨-:·* ῟=· %·!(µ=!Γ᾿῾Σ=!%(
Γ+ ᾿·25*+ %·!(/%!%-!.!*+ !Γ· %·15)᾿(·Γ· ῟(/*΄65Γ· 2 ῟(/%-!)·, %··. Γ+ Α·% (-Θ΅56 =5΄%-
·=῾¨ ΅᾿¨-!25(;*+ !*+ %·15)᾿(·*+ /5῾-*+, (/%·6 ·% =·(-Θ:-=( !*· !%Θ:!*!%, !*· %/5῾Λ=(% /%(
!*· %;(¨᾿(-!῾% !Γ· %᾿¨∆.-=Γ· [104], [107], [89]. Χ Μ(Λ·(¨΄5%∆῾% ΅᾿¨΄5%µµ῾Σ=( !*· %·.΄/*
%·.᾿!΅;*+ -%∆)· ᾿·%(-῾Γ· /%( %5Θ(!=/!¨·(/)· ᾿¨΅ ·% =᾿(!5Α᾿¨΅· !*· %᾿¨!=·=-µ%!(/2 =·-
-Γµ.!Γ-* !*+ !=Θ·*!2+ ·¨*µ¨-:·*+ -= ῟(%῟(/%-῾=+ ᾿¨΅ /%1¨῟*΄¨:·!%( %᾿6 %·15)᾿¨΅+.
,% ᾿·%῾-(% %΅!. ¨5῾Σ¨΅· µ= -%∆2·=(% !¨΅+ Τ6·¨΅+ !Γ· %·15)᾿Γ· /%( !*+ !=Θ·*!2+ ·¨*µ¨-
-:·*+, !% -*µ=῾% ᾿%5ΑµΛ%-*+ /%( %··*·=᾿῾῟5%-*+, /%1)+ /%( !¨΅+ µ*Θ%·(-µ¨:+ ΄(% !¨·
Α·=΄Θ¨ /%( !* ῟(%-∆.·(-* !*+ %;(¨᾿(-!῾%+ !Γ· !=Θ·*!)· %᾿¨∆.-=Γ· [92], [104]. 4=!%;:
!Γ· /:5(Γ· %5Θ)· ᾿¨΅ /%1¨5῾Σ¨΅· !% ᾿·%῾-(% -΅·=5΄%-῾%+ %·15)᾿¨΅-98 -!¨ ·¨µ(/6 ᾿=῟῾¨,
᾿=5(·%µΛ.·¨·!%( :

• 8%ΛΝ )(Κ ·+Ο%4¨2+(Κ -¨5¨)-΅·Κ (human oversight): Ε .·15Γ᾿¨+ ῟(%!*5=῾ !¨·
!=·(/6 Α·=΄Θ¨ !Γ· %᾿¨∆.-=Γ· ᾿¨΅ ᾿%5.΄¨·!%( %᾿6 !% -΅-!2µ%!% 98, ΑΘ¨·!%+ !* ῟΅-
·%!6!*!% ·% =΄/5῾·=(, ·% %᾿¨55῾Κ=( 2 ·% !5¨᾿¨᾿¨(2-=( !(+ ᾿5¨!.-=(+ !*+ !=Θ·*!2+
·¨*µ¨-:·*+. 9΅!6 ῟(%-∆%·῾Σ=( !* ῟(%!25*-* !*+ %·15)᾿(·*+ =΅1:·*+, * ¨᾿¨῾% =῾·%(
%᾿%5%῾!*!* ΄(% !* -΅µµ65∆Γ-* µ= /%·¨·(-!(/. ᾿·%῾-(%, 6᾿Γ+ ¨ 3΅5Γ᾿%Π/6+ 0%·¨·(-
-µ6+ ,=Θ·*!2+ Φ¨*µ¨-:·*+ [104].
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6.3.2 3;Α·(;* !Γ· Α;΅᾿·Γ· ῟(/%-!*5῾Γ·

• 8%ΛΝ )(Κ ῭2·Π·+5ΧΚ 3·)·+5µΝΚ ΨΜ0*+ (transparent role allocation): ,% ΅Λ5(῟(-
/. -΅-!2µ%!% %᾿%(!¨:· -%∆2 /%( ῟(%∆%·2 ῟(%ΘΓ5(-µ6 %5µ¨῟(¨!2!Γ· %·.µ=-% -!¨΅+
%·15)᾿¨΅+ /%( !% µ¨·!Α·% 98, µ= -΅΄/=/5(µΑ·% 65(%, )-!= ·% %᾿¨∆=:΄=!%( * -:΄Θ΅-*
/%( ·% ῟(%-∆%·῾Σ=!%( * ·¨΄¨῟¨-῾%. Χ %·15)᾿(·* /5῾-* %;(¨᾿¨(=῾!%( =/=῾ 6᾿¨΅ * =5µ*-
·=῾% /%( * %;(¨·6΄*-* =῾·%( /5῾-(µ=+, =·) * !=Θ·*!2 ·¨*µ¨-:·* Θ5*-(µ¨᾿¨(=῾!%( ΄(%
%΅!¨µ%!¨᾿¨(*µΑ·=+ ῟(%῟(/%-῾=+ µ=΄.·*+ /·῾µ%/%+ /%( %·%·:-=(+ ΅Κ*·2+ %/5῾Λ=(%+
[107], [89].

• 8%ΛΝ )(Κ ΄῝+-%.·)23ΝΚ ·+·)%5Π5῭Μ)(΄(Κ (collaborative feedback): Ε( .·15Γ-
᾿¨( ῟=· =῾·%( µ6·¨ ᾿%1*!(/¨῾ /%!%·%·Γ!Α+ !Γ· %᾿¨!=·=-µ.!Γ· !Γ· -΅-!*µ.!Γ· 98, %··.
-΅µµ=!ΑΘ¨΅· =·=5΄. -!*· %·%!5¨∆¨῟6!*-* !¨΅ -΅-!2µ%!¨+, ῟(¨51)·¨·!%+ /%( Μ=·!(-
)·¨·!%+ !% µ¨·!Α·%, µΑ-Γ !*+ %;(¨·6΄*-*+ !Γ· ᾿5¨!.-=Γ·, !*+ =᾿(-2µ%·-*+ ·%1)·
/%( !*+ ᾿%5¨Θ2+ ·ΑΓ· ῟=῟¨µΑ·Γ· =/᾿%῾῟=΅-*+ [107], [89].

Χ µ=··¨·!(/2 Α5=·% -!¨· !¨µΑ% !*+ -΅·=5΄%-῾%+ %·15)᾿¨΅-98 -΅·=Θ῾Σ=( ·% =-!(.Σ=( -!*·
%·.᾿!΅;* %/6µ* ᾿(¨ =;=·(΄µΑ·Γ· %5Θ(!=/!¨·(/)· /%( ᾿·%(-῾Γ·, ᾿¨΅ ·% =᾿(!5Α᾿¨΅· µ=΄%-
·:!=5* =΅=·(;῾%, ῟(%∆.·=(% /%( -΅·=5΄%-῾%. ῝!¨ ᾿·%῾-(¨ %΅!6, =῾·%( %᾿%5%῾!*!* * -΅·=Θ2+
῟(=᾿(-!*µ¨·(/2 -΅·=5΄%-῾% µ=!%;: µ*Θ%·(/)·, ·¨µ(/)· /%( =᾿(-!*µ6·Γ· /¨(·Γ·(/)· =᾿(-
-!*µ)·, )-!= !% -΅-!2µ%!% 98 ·% -Θ=῟(.Σ¨·!%( /%( ·% ΅·¨᾿¨(¨:·!%( µ= !56᾿¨ ᾿¨΅ ·% =῾·%(
6Θ( µ6·¨ !=Θ·(/. %᾿¨!=·=-µ%!(/., %··. /%( /¨(·Γ·(/., *1(/. /%( Ο=-µ(/. %᾿¨῟=/!. [104],
[107], [89].

6.3.2 !Θ602Θ( )*+ 6Θ῝¨+*+ ῭23·΄)(%΅*+

Χ !=Θ·¨·¨΄(/2 Γ5῾µ%·-* /%( * Ο=-µ(/2 %᾿¨῟¨Θ2 !Γ· Α;΅᾿·Γ· ῟(/%-!*5῾Γ· (smart
courts) !% !=·=΅!%῾% Θ56·(% -*µ%!¨῟¨!¨:· µ(% ·Α% Η.-* ῟(/%-!(/2+ /%(·¨!¨µ῾%+ ᾿¨΅ ΅-
᾿=5Λ%῾·=( !*· %᾿·2 %΅!¨µ%!¨᾿¨῾*-* ῟(%῟(/%-()·. Χ -:΄Θ5¨·* =;Α·(;* !Γ· smart courts
=-!(.Σ=( ᾿·Α¨· -= ῟(%·=(!¨΅5΄(/., ᾿¨·΅΄·Γ--(/. /%( ῟(%∆%·2 -΅-!2µ%!% ᾿¨΅ ·=(!¨΅5΄¨:·
=·!6+ =·6+ =΅5:!=5¨΅ ῟(=1·¨:+ /%( !=Θ·¨·¨΄(/. ῟΅·%µ(/¨: ¨(/¨-΅-!2µ%!¨+ [74].

Χ %΅;%·6µ=·* ᾿¨·΅᾿·¨/6!*!% !Γ· ῟(%-΅·¨5(%/)· ΅᾿¨1Α-=Γ· /%( * =΅5Γ᾿%Π/2 -!5%!*-
΄(/2 ΄(% !*· *·=/!5¨·(/2 ῟(/%(¨-:·* European E-Justice Strategy 2024–2028) ᾿5¨Γ1¨:·
!*· ΅(¨1Α!*-* ῟(%·=(!¨΅5΄(/)· ᾿·%!∆¨5µ)· (interoperability platforms) ᾿¨΅ ῟(%-΅·῟Α¨΅·
!% =1·(/. ῟(/%-!(/. -΅-!2µ%!%, =᾿(!5Α᾿¨·!%+ !*· %·!%··%΄2 ᾿·*5¨∆¨5()·, !* ῟(%Θ=῾5(-*
῟(=1·)· ῟(%∆¨5)· /%( !*· =·(%῾% ᾿56-Λ%-* -= ·¨µ¨·¨΄῾% /%( ῟(%῟(/%-῾=+. Ε( ᾿·%!∆65µ=+
%΅!Α+ ΅(¨1=!¨:· ῟(=1·2 ᾿56!΅᾿% (᾿.Θ. e-CODEX) /%( APIs ᾿¨΅ =᾿(!5Α᾿¨΅· !*· %΅!6µ%-
!* %··*·=᾿῾῟5%-* µ=!%;: -΅-!*µ.!Γ· µ= ῟(%∆¨5=!(/. ·¨µ(/. /%( !=Θ·(/. Θ%5%/!*5(-!(/.,
µ=()·¨·!%+ ῟5%-!(/. !¨· Θ56·¨ /%( !¨ /6-!¨+ =᾿῾·΅-*+ ῟(=1·)· ΅᾿¨1Α-=Γ·.

,% !=·=΅!%῾% Θ56·(%, * Θ52-* ᾿¨·΅΄·Γ--(/)· -΅-!*µ.!Γ· 98 /%( * ᾿56¨῟¨+ -!* ·=΅5Γ-
·(/2 µ*Θ%·(/2 µ=!.∆5%-* (Neural Machine Translation, NMT) %··.Σ¨΅· Τ(Σ(/. !* ῟΅·%!6!*-
!% %΅!6µ%!*+ =᾿=;=5΄%-῾%+ ·¨µ(/)· /=(µΑ·Γ· -= ᾿¨··Α+ ΄·)--=+. Χ %·.᾿!΅;* Μ=·+*µ%5/+[74],
᾿¨΅ /%·:᾿!=( ᾿¨·΅΄·Γ--(/. ·¨µ(/. /=῾µ=·% ΄(% !* -:΄/5(-* !*+ ᾿¨(6!*!%+ ῟(%∆65Γ· NMT
/%( LLM µ¨·!Α·Γ·, %᾿¨῟=(/·:=( 6!( !% ·Α% frontier LLMs µ᾿¨5¨:· ᾿·Α¨· ·% ᾿%5ΑΘ¨΅· %;(-
6᾿(-!=+ µ=!%∆5.-=(+ %/6µ% /%( -= ΄·)--=+ µ= ᾿=5(¨5(-µΑ·¨΅+ ᾿65¨΅+.

4(% %/6µ* -*µ%·!(/2 ᾿56/·*-* =῾·%( * Μ%1µ(%῾% Ο=-µ(/2 %᾿¨῟¨Θ2 !Γ· ·ΑΓ· !=Θ·¨·¨-
΄()· %᾿6 !¨ -:·¨·¨ !Γ· =µ᾿·=/6µ=·Γ· Η¨5ΑΓ· !*+ ῟(/%(¨-:·*+. ῭%56·¨ ᾿¨΅ * %΅!¨µ%!¨᾿¨-
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0=∆.·%(¨ 6. 4=··¨·!(/Α+ 0%!=΅1:·-=(+

῾*-* ΅᾿6-Θ=!%( -*µ%·!(/. ¨∆Α·* Γ+ ᾿5¨+ !*· !%Θ:!*!% /%( !* ῟(%∆.·=(% !Γ· ῟(%῟(/%-()·,
=;%/¨·¨΅1¨:· ·% /%!%΄5.∆¨·!%( =᾿(∆΅·.;=(+ %᾿6 !¨΅+ ῟(/%-!(/¨:+ ·=(!¨΅5΄¨:+ /%( !¨΅+
·¨µ(/¨:+ =᾿%΄΄=·µ%!῾=+ Γ+ ᾿5¨+ !¨· Μ%1µ6 %;(¨᾿(-!῾%+, !* ῟΅·%!6!*!% =·Α΄Θ¨΅ /%( !*·
᾿5%΄µ%!(/2 =5µ*·=΅-(µ6!*!% !Γ· %·΄¨5(1µ(/)· %᾿¨∆.-=Γ·. Χ %᾿¨!=·=-µ%!(/2 ΅(¨1Α!*-*
!Γ· smart courts ᾿5¨Ι᾿¨1Α!=( 6Θ( µ6·¨ !*· !=Θ·(/2 Γ5(µ6!*!% !Γ· -΅-!*µ.!Γ·, %··. /%(
!* ῟(%5/2 /%!.5!(-* /%( =·=5΄6 =µ᾿·¨/2 !Γ· %·15)᾿(·Γ· Η¨5ΑΓ·, )-!= ·% ῟(%-∆%·῾Σ=!%( *
(-¨55¨᾿῾% µ=!%;: %·15)᾿(·*+ /5῾-*+ /%( %·΄¨5(1µ(/2+ ΅᾿¨-!25(;*+ [104] [89].

,Α·¨+, !¨ µΑ··¨· !Γ· smart courts ῟(%΄5.∆=!%( Γ+ ᾿¨·΅!5¨᾿(/6, =;Γ-!5=∆Α+ /%( ῟(%-
-΅·῟=῟=µΑ·¨, µ= ῟(%·=(!¨΅5΄(/. ¨(/¨-΅-!2µ%!% ᾿¨΅ ΅᾿¨-!*5῾Σ¨΅· real-time ῟(%Θ=῾5(-* ΅-
᾿¨1Α-=Γ·, %΅!¨µ%!¨᾿¨(*µΑ·* %·.·΅-* ᾿¨(/῾·Γ· %᾿¨῟=(/!(/)· µΑ-Γ· (/=(µΑ·Γ·, =(/6·Γ·,
Μ῾·!=¨), =·-Γµ%!ΓµΑ·¨΅+ =·Α΄Θ¨΅+ ᾿¨(6!*!%+ /%( Τ(-/ %--=--µ=·! µ¨῟΅·=+ ΄(% /.1= ῟(/%-
-!(/2 ῟(%῟(/%-῾%. Ε( ᾿5¨/·2-=(+ %΅!Α+ %᾿%(!¨:· -΅·=Θ2 !=Θ·(/2 /%( Ο=-µ(/2 /%(·¨!¨µ῾%,
/%1)+ /%( ῟(=᾿(-!*µ¨·(/2 -΅·=5΄%-῾%, )-!= ·% ῟(%µ¨5∆Γ1¨:· -΅-!2µ%!% ᾿¨΅ =῾·%( 6Θ( µ6·¨
!=Θ·¨·¨΄(/. .5!(%, %··. /%( /¨(·Γ·(/. %᾿¨῟=/!., Ο=-µ(/. -΅µΛ%!. /%( (/%·. ·% =·(-Θ:-¨΅·
!*· =µ᾿(-!¨-:·* -!¨ ῟(/%-!(/6 -:-!*µ% !*+ Κ*∆(%/2+ =᾿¨Θ2+ [104], [107], [89], [74].

6.3.3 8%Λ2)-3)5+236Κ -+΄*µ/)*΄(Κ

Χ Ο=µ=·()῟*+ %5Θ2 µ(%+ -:΄Θ5¨·*+ %5Θ(!=/!¨·(/2+ =·-Γµ.!Γ-*+ =῾·%( * ᾿¨·΅-!5Γµ%-
!(/2 ᾿5¨-Α΄΄(-* (multi-layered architecture), * ¨᾿¨῾% ¨5΄%·)·=( !¨ -:-!*µ% -= ῟(%/5(!.
=᾿῾᾿=῟% µ= -%∆=῾+ %5µ¨῟(6!*!=+. ῭5)!%, !¨ =᾿῾᾿=῟¨ ᾿%5¨΅-῾%-*+ (presentation/UI layer)
%᾿¨!=·=῾ !¨ -*µ=῾¨ %··*·=᾿῾῟5%-*+ !Γ· Θ5*-!)· — ῟(/%-!)·, ῟(/*΄65Γ· /%( ῟(%῟῾/Γ· — µ=
!¨ -:-!*µ%, µΑ-Γ %-∆%·)· Γ=Λ-Μ%-=῟ 2 ·%!(= =∆%5µ¨΄)·. 9/¨·¨΅1=῾ !¨ =᾿῾᾿=῟¨ ·¨΄(/2+/=-
᾿=;=5΄%-῾%+ (application/service layer), 6᾿¨΅ ΅·¨᾿¨(¨:·!%( ¨( Τ¨Α+ =5΄%-῾%+ (workflows), *
=᾿(Θ=(5*-(%/2 ·¨΄(/2 /%( ¨( =·-Γµ%!ΓµΑ·¨( %·΄65(1µ¨( !=Θ·*!2+ ·¨*µ¨-:·*+, -΅µ᾿=5(·%µ-
Μ%·¨µΑ·Γ· !Γ· LLMs, -΅-!*µ.!Γ· NLP /%( -΅µΛ¨·(/)· µ¨·!Α·Γ·. ,¨ !5῾!¨ =᾿῾᾿=῟¨, %΅!6 !Γ·
῟=῟¨µΑ·Γ· (data layer), =῾·%( ΅᾿=:1΅·¨ ΄(% !* ῟(%Θ=῾5(-* ᾿¨·΅!5¨᾿(/)· ῟=῟¨µΑ·Γ· (struc-
tured/unstructured), Μ.-=Γ· ῟=῟¨µΑ·Γ·, legal document stores /%( knowledge graphs
[92].

῝= =᾿῾᾿=῟¨ !=Θ·(/2+ ΅·¨᾿¨῾*-*+, /΅5῾%5Θ¨ Τ6·¨ ῟(%῟5%µ%!῾Σ=( * ῟(%µ¨(5%-µΑ·* %5-
Θ(!=/!¨·(/2 ΅᾿*5=-()· (microservices), 6᾿¨΅ /.1= ·=(!¨΅5΄῾% ΅·¨᾿¨(=῾!%( Γ+ %·=;.5!*!*
΅᾿*5=-῾% (API-first approach), ῟(=΅/¨·:·¨·!%+ !*· =᾿=/!%-(µ6!*!%, !* -΅·!25*-* /%( !*·
%-∆.·=(% /%!. !* ῟(%-:·῟=-* µ= !5῾!% -΅-!2µ%!% [74]. Χ %᾿¨!=·=-µ%!(/2 ῟(%-:·῟=-*
legacy /%( ·ΑΓ· -΅-!*µ.!Γ· =᾿(!΅΄Θ.·=!%( µΑ-Γ integration layers /%( adapters — 6᾿Γ+
message queues /%( ETL pipelines — !% ¨᾿¨῾% =᾿(!5Α᾿¨΅· -!% ΅Λ5(῟(/. -΅-!2µ%!% ·% ΄=-
Η΅5)·¨΅· ᾿%·%(. ῟(/%-!(/. ᾿·*5¨∆¨5(%/. -΅-!2µ%!% µ= -:΄Θ5¨·% =5΄%·=῾% NLP/LLMs
/%( ᾿·%!∆65µ=+ cloud. 3᾿(᾿·Α¨·, ¨( ΅᾿¨῟¨µΑ+ cloud/hybrid cloud /%1῾-!%·!%( %᾿%5%῾!*-
!=+ ΄(% !*· =/!Α·=-* µ¨·!Α·Γ· µ= ΅Κ*·Α+ %᾿%(!2-=(+, 6᾿Γ+ * ῟(=;%΄Γ΄2 LLM inference -=
cloud environments, %;(¨᾿¨()·!%+ µ*Θ%·(-µ¨:+ load balancing /%( fault tolerance ΄(% !*
῟(%-∆.·(-* ΅Κ*·2+ ῟(%1=-(µ6!*!%+ /%( %·1=/!(/6!*!%+ [89]. Β(% !*· ᾿5¨-!%-῾% =΅%῾-1*!Γ·
῟=῟¨µΑ·Γ· — 6᾿Γ+ ῟(/%-!(/Α+ %᾿¨∆.-=(+ /%( ᾿5¨-Γ᾿(/. ῟=῟¨µΑ·% — =∆%5µ6Σ¨·!%( ΅Λ5(῟(-
/. -=·.5(% µ= on-premises encryption /%( storage [89], [74]. 8῟(%῾!=5* Μ%5:!*!% ΑΘ=( /%( ¨
-Θ=῟(%-µ6+ Τ¨)· ῟=῟¨µΑ·Γ· (data pipelines) ᾿¨΅ ΅᾿¨-!*5῾Σ¨΅· streaming, batch process-
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6.4 ῭5¨-Λ%-(µ6!*!% /%( ῟(/%(¨-:·*

ing /%( asynchronous integration. 4= %΅!6· !¨· !56᾿¨, !% ῟(/%-!(/. -΅-!2µ%!% ῟:·%·!%(
·% =᾿=;=5΄.Σ¨·!%( ῟=῟¨µΑ·% -= ᾿5%΄µ%!(/6 Θ56·¨ %᾿6 ᾿¨··%᾿·Α+ ᾿*΄Α+ (e-filing, evidence
upload, real-time translation), =∆%5µ6Σ¨·!%+ ῟(%῟¨Θ(/. Η῾·!5% 6᾿Γ+ data cleansing, entity
recognition, topic extraction [92], [55].

Χ ῟(%!25*-* !*+ -΅·¨Θ2+ /%( !*+ ῟(%∆.·=(%+ -!* Τ¨2 ῟=῟¨µΑ·Γ·, * ῟(%Θ=῾5(-* !*+
!%΅!6!*!%+ /%( !Γ· ῟(/%(Γµ.!Γ· ᾿56-Λ%-*+ (identity & access management), /%1)+ /%( *
΅·¨᾿¨῾*-* end-to-end monitoring /%( logging, %᾿¨!=·¨:· /5῾-(µ¨΅+ !¨µ=῾+ !=Θ·(/2+ Α5=΅-
·%+. ῭%5.··*·%, * -΅µµ65∆Γ-* µ= !¨ GDPR/AI Act =᾿(Λ.··=( !*· =·-Γµ.!Γ-* -΅-!*µ.!Γ·
audit trail, %΅!6µ%!*+ ῟*µ(¨΅5΄῾%+ %·%∆¨5)· -΅µµ65∆Γ-*+ (automatic compliance report-
ing) /%( !=Θ·(/)· =᾿=;*΄*-(µ6!*!%+ (explainability) -= /.1= -!.῟(¨ !*+ Τ¨2+ [107], [89].

,Α·¨+, * !=Θ·¨·¨΄(/2 =;Α·(;* =-!(.Σ=( -!*· ΅(¨1Α!*-* federated/hybrid AI infrastruc-
tures, ᾿¨΅ ᾿=5(·%µΛ.·¨΅· /%!%·=µ*µΑ·* =/᾿%῾῟=΅-* µ¨·!Α·Γ· (distributed model train-
ing), ΅᾿¨·¨΄(-µ¨:+ µ= ῟(%∆:·%;* !*+ (῟(Γ!(/6!*!%+ (privacy-preserving computation) /%(
%-∆%·2 ῟(%µ¨(5%-µ6 ῟=῟¨µΑ·Γ· (data-sharing) µ=!%;: ¨5΄%·(-µ)·, ᾿5¨/=(µΑ·¨΅ ·% ῟(%-
-∆%·῾Σ=!%( * %᾿¨!=·=-µ%!(/6!*!%, * %-∆.·=(% /%( * /΅5(%5Θ῾% !Γ· ῟=῟¨µΑ·Γ· !6-¨ -= =1·(/6
6-¨ /%( -= ῟(%/5%!(/6 =᾿῾᾿=῟¨ [89], [74].

6.4 Φ%5΄Α·΄2µΜ)()· 3·2 ῭23·25΄Χ+(

Χ =῾-¨῟¨+ !*+ !=Θ·*!2+ ·¨*µ¨-:·*+ /%( !Γ· !=Θ·¨·¨΄()· legal tech -!¨· Θ)5¨ !*+ ῟(/%(¨-
-:·*+ -΅·(-!. µ(% Τ(Σ(/2 !¨µ2 µ= ῟(!!6 ᾿56-*µ¨ : %᾿6 !* µ(%, %·¨῾΄=( ·Α¨΅+ ¨5῾Σ¨·!=+ ΄(%
!*· %΅!¨µ%!¨᾿¨῾*-*, !*· !%Θ:!*!% /%( !*· %᾿¨῟¨!(/6!*!%, =·) %᾿6 !*· .··*, %·%῟=(/·:=(
=·!¨·6!=5% %᾿6 ᾿¨!Α !% Υ*!2µ%!% !*+ ᾿5¨-Λ%-(µ6!*!%+, !*+ (-6!*!%+ /%( !*+ /¨(·Γ·(/2+
῟(/%(¨-:·*+. ,¨ =5)!*µ% ᾿¨΅ !῾1=!%( ᾿·Α¨· µ= (῟(%῾!=5* ¨;:!*!% =῾·%( /%!. ᾿6-¨ ¨( !=-
Θ·¨·¨΄῾=+ %΅!Α+ ·=(!¨΅5΄¨:· Γ+ =5΄%·=῾% %᾿=·=΅1Α5Γ-*+ /%( =·῾-Θ΅-*+ !*+ ῟*µ¨/5%!(/2+
᾿56-Λ%-*+ -!* ῟(/%(¨-:·* 2, %·!῾1=!%, Γ+ ᾿%5.΄¨·!=+ %·%᾿%5%΄Γ΄2+ ΅∆(-!.µ=·Γ· /%( ῟*-
µ(¨΅5΄῾%+ ·ΑΓ· %·(-¨!2!Γ· [89], [74], [10].

῝= !=Θ·(/6 =᾿῾᾿=῟¨, * ᾿5¨-Λ%-(µ6!*!% %∆¨5. !6-¨ !*· ΅᾿¨῟¨µ2 /%( !*· !=Θ·¨·¨΄(/2
῟΅·%!6!*!% ᾿56-Λ%-*+ (᾿.Θ. ΄52΄¨5¨ ῟(%῟῾/!΅¨, ·=(!¨΅5΄(/¨῾ ΅᾿¨·¨΄(-!Α+//(·*!., ᾿5¨-
-Λ.-(µ% user interfaces) 6-¨ /%( !*· (/%·6!*!% Θ52-*+ !Γ· -΅-!*µ.!Γ· %΅!)· %᾿6 ᾿¨·῾!=+
µ= ῟(%∆¨5=!(/. =᾿῾᾿=῟% Κ*∆(%/¨: %·∆%Λ*!(-µ¨:. 8῟(%῾!=5* ᾿56/·*-* %᾿¨!=·¨:· ¨( ᾿·*-
Ο΅-µ(%/Α+ ¨µ.῟=+ ᾿¨΅ 2῟* Μ()·¨΅· /¨(·Γ·(/6 2 ¨(/¨·¨µ(/6 %᾿¨/·=(-µ6 (᾿.Θ. *·(/(ΓµΑ·¨(,
.!¨µ% µ= %·%᾿*5῾%, Η!ΓΘ. ·¨(/¨/΅5(., ᾿·*1΅-µ¨῾ -= %΄5¨!(/Α+ 2 %᾿¨µ%/5΅-µΑ·=+ ᾿=5(¨-
ΘΑ+), ¨( ¨᾿¨῾=+ /(·῟΅·=:¨΅· ·% µ=῾·¨΅· %/6µ* ᾿(¨ ᾿῾-Γ -!*· Κ*∆(%/2 =᾿¨Θ2 !*+ ῟(/%(¨-
-:·*+. ,¨ Η%(·6µ=·¨ %΅!6 ᾿=5(΄5.∆=!%( -!* Μ(Λ·(¨΄5%∆῾% Γ+ Κ*∆(%/6 Θ.-µ% ῟=:!=5*+
΄=·(.+ (second digital divide), ᾿¨΅ %∆¨5. 6Θ( %᾿·)+ !*· :᾿%5;* !=Θ·¨·¨΄῾%+, %··. /%( !*
῟΅·%!6!*!% %᾿¨!=·=-µ%!(/2+, -΅·=Θ¨:+ /%( %;(¨᾿5=᾿¨:+ Θ52-*+ !*+ [10].

Χ !=Θ·¨·¨΄(/2 /%(·¨!¨µ῾% ῟:·%!%( ·% ᾿5¨-∆Α5=( -*µ%·!(/. ¨∆Α·* -!* ῟(/%(¨-:·*.
῭·%!∆65µ=+ online dispute resolution (ODR), virtual courtrooms, %΅!¨µ%!¨᾿¨(*µΑ·% ·¨-
µ(/. chatbots /%( Α;΅᾿·% -΅-!2µ%!% =·*µΑ5Γ-*+ =᾿(!5Α᾿¨΅· !*· =᾿῾·΅-* ῟(%∆¨5)· /%(
!*· ᾿%5¨Θ2 ·¨µ(/2+ ᾿·*5¨∆65*-*+ ΘΓ5῾+ !% ᾿%5%῟¨-(%/. =µ᾿6῟(% !*+ ΄=Γ΄5%∆(/2+ %-
᾿6-!%-*+ 2 !¨΅ ΅Κ*·¨: /6-!¨΅+ ᾿56-Λ%-*+ -= ῟(/*΄65¨΅+ /%( ῟(/%-!25(%. Χ Θ52-* 98
µ᾿¨5=῾ ·% =᾿(!%Θ:·=( ῟5%-!(/. ῟(%῟(/%-῾=+ 6᾿Γ+ * /%!.1=-* =΄΄5.∆Γ·, * ·2Κ* ῟(/%-!(/)·
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0=∆.·%(¨ 6. 4=··¨·!(/Α+ 0%!=΅1:·-=(+

%᾿¨∆.-=Γ· ΄(% %᾿·Α+ ΅᾿¨1Α-=(+, /%( * µ=!.∆5%-* ·¨µ(/)· /=(µΑ·Γ· -= ᾿¨··%᾿·Α+ ΄·)--=+
[74], [10].

῎-!6-¨, * =∆%5µ¨΄2 %΅!)· !Γ· !=Θ·¨·¨΄()· %·%῟=(/·:=( /%( -*µ%·!(/¨:+ /(·῟:·¨΅+.
4=·Α!=+ ῟=῾Θ·¨΅· 6!( !% ᾿(¨ =΅.·Γ!% /¨(·Γ·(/. -!5)µ%!% 6Θ( µ6·¨ ΑΘ¨΅· ·(΄6!=5* ᾿56-Λ%-
-* -= -:΄Θ5¨·=+ -΅-/=΅Α+ 2 -!%1=56 (·!=5·=!, %··. -΅Θ·. -!=5¨:·!%( /%( !*+ !=Θ·¨·¨΄(/2+
%΅!¨᾿=᾿¨῾1*-*+ 2 !Γ· %᾿%5%῾!*!Γ· ΄·)-=Γ· ΄(% ·% =᾿Γ∆=·*1¨:· ¨΅-(%-!(/. %᾿6 !(+ ΅᾿*-
Τ=-῾=+ legal tech. ῝= ῟(/%-!(/Α+ ῟(%῟(/%-῾=+ µΑ-Γ Zoom 2 .··Γ· virtual platforms, ᾿¨·῾!=+
µ= Η!ΓΘ6!=5=+ -΅-/=΅Α+, %-!%12 -:·῟=-* 2 =··(᾿2 =;¨(/=῾Γ-* =µ∆%·῾Σ¨·!%( Γ+ µ%:5% /¨΅-
!(., ῟=· ΑΘ¨΅· (-6!(µ* ᾿%5¨΅-῾% /%( -΅Θ·. ΅∆῾-!%·!%( Αµµ=-=+ ῟(%/5῾-=(+ %/6µ* /%( %᾿6
!¨· ῾῟(¨ !¨· !56᾿¨ ᾿¨΅ ῟(=;.΄=!%( * ῟(%῟(/%-῾% [10]. 3᾿(᾿·Α¨·, * %΅!¨µ%!¨᾿¨῾*-* ᾿¨··)·
-!%῟῾Γ· !*+ ῟(/%-!(/2+ ῟(%῟(/%-῾%+ µΑ-Γ 98 /%( ODR µ᾿¨5=῾ ·% ¨῟*΄2-=( -= !΅᾿¨᾿¨῾*-*
!*+ /5῾-*+, %᾿)·=(% !*+ ῟΅·%!6!*!%+ =;%!¨µ(/=΅µΑ·*+ ῟(/%-!(/2+ ᾿5¨-!%-῾%+, 2 %/6µ% /%(
=·῾-Θ΅-* !Γ· bias, %· !% -΅-!2µ%!% ῟=· ΑΘ¨΅· =/᾿%(῟=΅!=῾ /%!.··*·% ΄(% ·% %·%΄·Γ5῾Σ¨΅·
!(+ %·.΄/=+ !Γ· ῟(%∆¨5=!(/)· /¨(·Γ·(/)· ¨µ.῟Γ· [107], [10].

Χ %·.·΅-* /6-!¨΅+-¨∆Α·¨΅+ %·%῟=(/·:=( 6!(, =·) * µ%Σ(/2 ΅(¨1Α!*-* legal tech µ=(-
)·=( !¨ ·=(!¨΅5΄(/6 /6-!¨+ ΄(% !¨ /5.!¨+ /%( !¨΅+ Θ52-!=+ /%( =᾿(!%Θ:·=( -*µ%·!(/. !(+
῟(%῟(/%-῾=+, =·῟ΑΘ=!%( ·% =᾿(∆Α5=( %65%!% /6-!* ΄(% 6-¨΅+ %῟΅·%!¨:· ·% ᾿5¨-%5µ¨-!¨:·
2 ·% -΅µµ=!.-Θ¨΅· %᾿¨!=·=-µ%!(/.. 9΅!. !% /6-!* ᾿=5(·%µΛ.·¨΅· !¨· /῾·῟΅·¨ %῟΅·%µ῾%+
᾿·25¨΅+ =/᾿5¨-)᾿*-*+, !*· =··(᾿2 ᾿·*5¨∆65*-*, /%( !* -!%῟(%/2 %᾿¨;Α·Γ-* %᾿6 !¨ ῟(/%-
-!(/6 -:-!*µ%. Χ Μ(Λ·(¨΄5%∆῾% ᾿5¨!=῾·=( Γ+ %·%΄/%῾=+ !(+ =᾿=·῟:-=(+ -= inclusive design,
-!*· !=Θ·(/2 =/᾿%῾῟=΅-* ᾿¨·(!)·, -!* ῟(%5/2 %;(¨·6΄*-* !Γ· /¨(·Γ·(/)· -΅·=᾿=()·, %··.
/%( -!* ῟*µ(¨΅5΄῾% o"-line 2 ΅᾿¨-!*5(/!(/)· ·:-=Γ· ΄(% 6-¨΅+ ῟=· µ᾿¨5¨:· ·% /%·:Κ¨΅·
!¨ Κ*∆(%/6 Θ.-µ%.

,Α·¨+, !¨ µΑ··¨· !*+ ᾿5¨-Λ%-(µ6!*!%+ /%( !*+ ῟(/%(¨-:·*+ -!*· Κ*∆(%/2 =᾿¨Θ2 Ο%
/5(1=῾ %᾿6 !¨ %· !% !=Θ·(/. /%( Ο=-µ(/. -΅-!2µ%!% Ο% µ᾿¨5Α-¨΅· ·% -΅·῟΅.-¨΅· !*·
/%(·¨!¨µ῾% µ= !*· /%1¨·(/2 -΅µ᾿=5῾·*Κ*, =;%-∆%·῾Σ¨·!%+ 6!( /%·=῾+ ῟=· %᾿¨/·=῾=!%( %᾿6 !%
¨∆Α·* !*+ !=Θ·*!2+ ·¨*µ¨-:·*+ -!* ῟(/%(¨-:·* =;%(!῾%+ /¨(·Γ·(/)·, !=Θ·(/)· 2 ¨(/¨·¨µ(/)·
=µ᾿¨῟῾Γ·. ,¨ -!¨῾Θ*µ% !*+ legal tech ῟=· =῾·%( %᾿·)+ * %᾿¨῟¨!(/6!*!%, %··. * ¨΅-(%-!(/2
(-6!*!% -!*· ᾿56-Λ%-* -!% ῟(/%()µ%!% /%( !*· ᾿5¨-!%-῾% !*+ %;(¨᾿5Α᾿=(%+ /.1= ᾿¨·῾!*
[89], [10].

6.4.1 8+/0῝΄( 3Μ΄)5῝Κ-5Π605῝Κ

Χ %·.·΅-* /6-!¨΅+-¨∆Α·¨΅+ -!*· =·-Γµ.!Γ-* !=Θ·¨·¨΄()· legal tech /%( !=Θ·*!2+ ·¨*-
µ¨-:·*+ -!¨ ῟(/%-!(/6 -:-!*µ% %᾿¨!=·=῾ µ(% ᾿¨·΅=᾿῾᾿=῟* /%( ῟(=᾿(-!*µ¨·(/2 ῟(%῟(/%-῾%,
᾿¨΅ ᾿=5(·%µΛ.·=( 6Θ( µ6·¨ !¨΅+ -!=·¨:+ ·¨΄%5(%-µ¨:+ /6-!¨΅+ ·=(!¨΅5΄῾%+ 2 =΄/%!.-!%-
-*+, %··. /%( !(+ =΅5:!=5=+ /¨(·Γ·(/Α+, Ο=-µ(/Α+ /%( !=Θ·(/Α+ -΅·Α᾿=(=+ !*+ !=Θ·¨·¨΄(/2+
/%(·¨!¨µ῾%+ [10].

Χ ΅(¨1Α!*-* legal tech ᾿%5ΑΘ=( (-Θ΅5Α+ ῟΅·%!6!*!=+ %΅!¨µ%!¨᾿¨῾*-*+ Μ%-(/)· ῟(%-
῟(/%-()·, 6᾿Γ+ * *·=/!5¨·(/2 /%!.1=-* ῟(/¨΄5.∆Γ· (e-filing), * %΅!¨µ%!¨᾿¨(*µΑ·* ῟5¨-
µ¨·6΄*-* /%( =(῟¨᾿¨῾*-* !Γ· µ=5)·, * ῟(%Θ=῾5(-* =΄΄5.∆Γ·, ¨( online -΅·=῟5(.-=(+ /%(
* Θ52-* =5΄%·=῾Γ· %΅!¨µ%!¨᾿¨(*µΑ·*+ %·.·΅-*+ ΅᾿¨1Α-=Γ·. 9΅!. µ=()·¨΅· ῟5%-!(/. !¨
·=(!¨΅5΄(/6 /6-!¨+ ΄(% !% ῟(/%-!25(% /%( !¨ /5.!¨+, =·) ῟(=΅/¨·:·¨΅· !¨΅+ ᾿¨·῾!=+ -!*·
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6.4.2 3∆%5µ¨΄Α+ ᾿56-Λ%-*+ -!* ῟(/%(¨-:·* : 4=··¨·!(/Α+ /%!=΅1:·-=(+ /%( ᾿5¨/·2-=(+

=;¨(/¨·6µ*-* Θ56·¨΅ /%( ᾿65Γ·. Β(% ᾿%5.῟=(΄µ%, * =΅5Γ᾿%Π/2 -!5%!*΄(/2 e-Justice /%(
¨( µ=΄.·*+ /·῾µ%/%+ =∆%5µ¨΄Α+ ODR (Online Dispute Resolution) ΑΘ¨΅· ¨῟*΄2-=( -= -*-
µ%·!(/2 µ=῾Γ-* !¨΅ Θ56·¨΅ ῟(=/᾿=5%῾Γ-*+ /%( !¨΅ /6-!¨΅+ ᾿56-Λ%-*+, =(῟(/. -= ΅᾿¨1Α-=(+
µ(/5¨῟(%∆¨5)· 2 =᾿%·%·%µΛ%·6µ=·*+ ῟(/%-!(/2+ :·*+ [10].

῝*µ%·!(/. !=Θ·(/. ¨∆Α·* ᾿5¨/:᾿!¨΅· %᾿6 !*· =∆%5µ¨΄2 advanced AI[109]: * %΅!¨µ%-
!¨᾿¨῾*-* !¨΅ classification =΄΄5.∆Γ·, * ·¨µ(/2 µ=!.∆5%-* (µ= NMT 2 LLMs), * %·%Σ2!*-*
·¨µ¨·¨΄῾%+, /%( * Θ52-* legal chatbots %΅;.·¨΅· !*· %᾿¨!=·=-µ%!(/6!*!% /%( µ=()·¨΅·
!¨ =5΄%-(%/6 Η¨5!῾¨ ΄(% =᾿%΄΄=·µ%!῾=+ /%( ᾿¨·῾!=+ [74], [107]. 8῟(%῾!=5* -*µ%-῾% ΑΘ=( !¨
΄=΄¨·6+ 6!( !% %΅!¨µ%!¨᾿¨(*µΑ·% -΅-!2µ%!% ῟(=΅/¨·:·¨΅· !¨· µ%Σ(/6 Θ=(5(-µ6 ΅᾿¨1Α-=Γ·
᾿¨΅ Ο% 2!%· %῟:·%!¨ ·% ῟(=/᾿=5%(Γ1¨:· Α΄/%(5% %᾿6 !¨ ΅᾿.5Θ¨· ᾿5¨-Γ᾿(/6, =·) -= ᾿=5(-
᾿!)-=(+ /5῾-=Γ· (6᾿Γ+ * ᾿%·῟*µ῾%) =᾿(!5Α᾿¨΅· !* -΅·ΑΘ(-* !*+ ῟(/%(¨-:·*+ ΘΓ5῾+ Η΅-(/2
᾿%5¨΅-῾% [10].

῭Α5%· !Γ· Η%·=5)· ¨(/¨·¨µ(/)· Γ∆=·*µ.!Γ·, * !=Θ·¨·¨΄(/2 /%(·¨!¨µ῾% =᾿(∆Α5=( /5΅-
Η. /6-!* -= ᾿¨··%᾿·. =᾿῾᾿=῟%. ῝= !=Θ·(/6 =᾿῾᾿=῟¨, * %·.᾿!΅;*, -΅·!25*-*, %·%Λ.1µ(-*
/%( ῟(%-:·῟=-* !Γ· ᾿·*5¨∆¨5(%/)· -΅-!*µ.!Γ· %᾿%(!=῾ ῟(%5/=῾+ =᾿=·῟:-=(+, =;=(῟(/=΅-
µΑ·¨ ᾿5¨-Γ᾿(/6 /%( !=Θ·¨΄·Γ-῾%, /%1)+ /%( -΅µΛ%!6!*!% µ= -΅-!2µ%!% legacy 2 ῟(=1·2
᾿56!΅᾿%. Χ %·.΄/* ΄(% cloud-based 2 ΅Λ5(῟(/Α+ %5Θ(!=/!¨·(/Α+, =·-Γµ.!Γ-* µ*Θ%·(-µ)·
῟(%∆.·=(%+(auditability, explainability), /%( -΅µµ65∆Γ-* µ=AI Act & GDPR ᾿5¨-1Α!¨΅·
·Α=+ %᾿%(!2-=(+ -= Θ56·¨, =;¨᾿·(-µ6 /%( %·15)᾿(·¨΅+ ᾿65¨΅+ [89], [74], [10].

῝= /¨(·Γ·(/6 =᾿῾᾿=῟¨, * .·(-* ᾿56-Λ%-* -!*· !=Θ·¨·¨΄῾%[10] /%( * %᾿¨΅-῾% =᾿%5/¨-
:+ Κ*∆(%/¨: %·∆%Λ*!(-µ¨: =·(-Θ:¨΅· !¨ Κ*∆(%/6 Θ.-µ%. Χ Μ(Λ·(¨΄5%∆῾% ΅᾿¨΄5%µµ῾Σ=(
᾿Γ+ ᾿¨·῾!=+ µ= %-!%12 ᾿56-Λ%-* -!¨ internet, Θ%µ*·2 !=Θ·¨·¨΄(/2 =;¨(/=῾Γ-*, 2 ΘΓ5῾+
῟΅·%!6!*!% %΄¨5.+ ·Α¨΅ =;¨᾿·(-µ¨: %῟΅·%!¨:· ·% -΅µµ=!ΑΘ¨΅· (-6!(µ% -= ODR, virtual
hearings, 2 %΅!¨µ%!¨᾿¨(*µΑ·=+ ῟(%῟(/%-῾=+. Ν3!-(, !¨ /6-!¨+ µ=!%!¨᾿῾Σ=!%( %65%!% -!¨΅+
᾿(¨ =΅.·Γ!¨΅+ µ= µ¨5∆2 Θ%µΑ·Γ· ΅᾿¨1Α-=Γ·, %·=᾿%5/¨:+ =/᾿5¨-)᾿*-*+ 2 ῟΅-/¨·῾%+
῟(=/᾿=5%῾Γ-*+ Μ%-(/)· ῟(/%-!(/)· %·%΄/)·. 06-!¨+ /%( ᾿¨(6!*!% ῟(/%-!(/2+ ᾿5¨-!%-῾%+

Ν3·% %/6µ% %65%!¨ /6-!¨+ -Θ=!῾Σ=!%( µ= !* !΅᾿¨᾿¨῾*-* !Γ· ῟(%῟(/%-()· /%( !*· %΅!¨µ%-
!¨᾿¨῾*-* !*+ /5῾-*+ : 6-¨ %΅;.·=( * =;.5!*-* %᾿6 %·΄¨5(1µ(/. 2 rule-based -΅-!2µ%!% ΄(%
΅᾿¨1Α-=(+ Θ%µ*·2+ ¨(/¨·¨µ(/2+ %;῾%+, !6-¨ µ=΄%·:!=5* * %᾿=(·2 ΄(% %᾿)·=(% !*+ =;%!¨µ(-
/=΅µΑ·*+ ῟(/%-!(/2+ ᾿5¨-!%-῾%+, !*+ ¨΅-(%-!(/2+ %/56%-*+ /%( !*+ %;(¨·6΄*-*+ (῟(%῾!=5Γ·
᾿=5(-!.-=Γ· /.1= ΅᾿61=-*+. ,%΅!6Θ5¨·%, * ᾿(1%·6!*!% =µ∆.·(-*+ ᾿5¨/%!.·*Κ*+ (bias),
%/¨:-(Γ· -∆%·µ.!Γ· 2 %/6µ* /%( %·΄¨5(1µ(/¨: %᾿¨/·=(-µ¨: (algorithmic exclusion) ᾿%-
Τ%µΑ·=( ΅᾿%5/!2, 6᾿Γ+ %·%῟=(/·:=!%( -!(+ ῟(=1·=῾+ ᾿5%/!(/Α+ !*+ ῟(%῟(/!΅%/2+ =᾿῾·΅-*+
῟(%∆¨5)· (ODR) /%( !*+ %΅!¨µ%!¨᾿¨(*µΑ·*+ ῟(%Θ=῾5(-*+ ΅᾿¨1Α-=Γ· (automated case man-
agement).

6.4.2 !Π·%µ5.6Κ ¨%Μ΄Α·΄(Κ ΄)( ῭23·25΄Χ+( : ,-005+)236Κ 3·)-῝ΟΧ+΄-2Κ

3·2 ¨%530Ν΄-2Κ

Χ ᾿=5%(!Α5Γ =;Α·(;* !Γ· =∆%5µ¨΄)· ᾿56-Λ%-*+ -!* ῟(/%(¨-:·* (Access to Justice)
Ο% =;%5!*1=῾ %᾿6 !¨· Μ%1µ6 -!¨· ¨᾿¨῾¨ ¨( !=Θ·¨·¨΄(/Α+ /%(·¨!¨µ῾=+ Ο% =·!%Θ1¨:· -= Α·%
-΅·¨·(/6 ᾿·%῾-(¨ -΅µ᾿=5῾·*Κ*+, Ο=-µ(/2+ ῟(%/΅ΛΑ5·*-*+ /%( /¨(·Γ·(/2+ ·¨΄¨῟¨-῾%+. Ε(
῟(=1·=῾+ µ=·Α!=+ ΅᾿¨΄5%µµ῾Σ¨΅· 6!( ΄(% ·% =᾿(!=΅Θ1=῾ ᾿5%΄µ%!(/2 /%( /%1¨·(/2 ᾿56-Λ%-*
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0=∆.·%(¨ 6. 4=··¨·!(/Α+ 0%!=΅1:·-=(+

-!* ῟(/%(¨-:·*, %᾿%(!¨:·!%( ᾿¨·(!(/Α+ /%( !=Θ·(/Α+ ᾿%5=µΛ.-=(+ ᾿¨΅ ΅᾿=5Λ%῾·¨΅· !*· %᾿·2
᾿%5¨Θ2 ¨··(·= =5΄%·=῾Γ· 2 ᾿·%!∆¨5µ)· [89], [10].

῭5)!¨·, /=·!5(/6+ -!6Θ¨+ !Γ· µ=··¨·!(/)· =∆%5µ¨΄)· ᾿5Α᾿=( ·% =῾·%( * =·-Γµ.!Γ-
-* ᾿5%/!(/)· inclusive design, ῟*·%῟2 ¨ -Θ=῟(%-µ6+ ᾿·%!∆¨5µ)· µ= !* -΅µµ=!¨Θ2 /%(
!* ῟(%5/2 %·%!5¨∆¨῟6!*-* !Γ· ῾῟(Γ· !Γ· =΅.·Γ!Γ· Θ5*-!)·, )-!= ·% ᾿5¨-%5µ6Σ¨·!%( ¨(
΅᾿*5=-῾=+ -!(+ ᾿5%΄µ%!(/Α+ %·.΄/=+ !¨΅+. Χ =;Α·(;* !Γ· legal chatbots /%( !Γ· %΅!¨µ%!¨-
᾿¨(*µΑ·Γ· Μ¨*1)· Ο% ᾿5Α᾿=( ·% -΅·¨῟=:=!%( %᾿6 µ*Θ%·(-µ¨:+ -΅·=Θ¨:+ Μ=·!῾Γ-*+, !%/!(/6
%΅῟(!(·΄ ΄(% /¨(·Γ·(/6 bias /%( ᾿5¨΄5.µµ%!% =/᾿%῾῟=΅-*+ Κ*∆(%/¨: %·∆%Λ*!(-µ¨:, )-!=
·% ῟(%-∆%·῾Σ=!%( * %;(¨᾿¨῾*-* !Γ· =5΄%·=῾Γ· %᾿6 !¨΅+ ᾿¨·῾!=+ ᾿¨΅ !¨ ΑΘ¨΅· µ=΄%·:!=5*
%·.΄/* [10].

7=:!=5¨·, * ΅(¨1Α!*-* ΅Λ5(῟(/)· µ¨·!Α·Γ· =;΅᾿*5Α!*-*+ (blended justice models), ᾿¨΅
-΅·῟΅.Σ¨΅· !=Θ·(/. =5΄%·=῾% µ= Η΅-(/2 ΅᾿¨-!25(;* (᾿.Θ. legal clinics, community jus-
tice hubs, ΅᾿¨-!*5(/!(/. call centers), µ᾿¨5=῾ ·% ·=(!¨΅5΄2-=( Γ+ %·!῾Λ%5¨ -!(+ =΄΄=·=῾+
%῟΅·%µ῾=+ !*+ ᾿·25¨΅+ %΅!¨µ%!¨᾿¨῾*-*+. Ε( ᾿¨·(!(/Α+ ᾿5¨-Λ%-(µ6!*!%+ !¨΅ µΑ··¨·!¨+
Ο% %᾿%(!¨:· -!%1=52 Θ5*µ%!¨῟6!*-* !Α!¨(Γ· ῟¨µ)·, Ο=-µ(/2 -΅·=5΄%-῾% µ=!%;: /5%!(/)·,
!¨᾿(/)· /%( µ* /=5῟¨-/¨᾿(/)· Η¨5ΑΓ· /%( %·¨(Θ!2 ῟(%/΅ΛΑ5·*-*.

3᾿(᾿·Α¨·, ᾿5¨!=῾·=!%( * %·.᾿!΅;* -΅-!*µ.!Γ· %;(¨·6΄*-*+ /¨(·Γ·(/¨: %·!(/!:᾿¨΅ (so-
cial impact assessment), benchmarking !Γ· =∆%5µ¨΄)· µ= ῟=῾/!=+ 6᾿Γ+ * ᾿5%΄µ%!(/2
-΅µµ=!¨Θ2 =΅.·Γ!Γ· ¨µ.῟Γ·, ¨ Τ΅1µ6+ =᾿(!΅Θ¨:+ %΅!¨=/᾿5¨-)᾿*-*+ (self-representation
success rate), /%( * ῟(%!25*-* !*+ =µ᾿(-!¨-:·*+ !Γ· ᾿¨·(!)· -!¨ -:-!*µ%. ΖΓ5῾+ ῟(%5/2
%;(¨·6΄*-* /%( Τ:1µ(-*, ΅᾿.5Θ=( ¨ /῾·῟΅·¨+ ¨( \/%(·¨!¨µ῾=+" ·% ᾿%5%µ=῾·¨΅· ᾿5¨-Θ*µ%-
!(/Α+ 2 ·% ῟(=΅5:·¨΅· !¨ Θ.-µ% %·!῾ ·% !¨ ΄=∆΅5)·¨΅·.

,Α·¨+, -!¨ =΅5Γ᾿%Π/6 /%( ῟(=1·Α+ ᾿·%῾-(¨, * =;Α·(;* !Γ· A2J =∆%5µ¨΄)· -Θ=!῾Σ=!%( 6·¨
/%( ᾿=5(--6!=5¨ µ= !(+ ῟(%·=(!¨΅5΄(/Α+, ᾿¨·΅΄·Γ--(/Α+ /%( ᾿¨·΅!5¨᾿(/Α+ ᾿·%!∆65µ=+ (mul-
tilingual/interoperable justice platforms), µ= Αµ∆%-* -!* ῟(%-΅·¨5(%/2 %·%΄·)5(-* %᾿¨-
Η.-=Γ·, !*· %΅!6µ%!* µ=!.∆5%-* /%( !*· %··*·¨-:·῟=-* ᾿·*5¨∆¨5(%/)· -΅-!*µ.!Γ·. Χ
µ=··¨·!(/2 ᾿5¨-Λ%-(µ6!*!% -!* ῟(/%(¨-:·* Ο% =;%5!*1=῾ %᾿6 !* ῟(%-∆.·(-* !*+ %-∆.·=(%+,
!*+ ῟(%∆.·=(%+ /%( !*+ ᾿¨·(!(-µ(/2+ ᾿5¨-%5µ¨΄2+ !Γ· !=Θ·¨·¨΄(/)· ·:-=Γ·, /%1)+ /%( %᾿6
!* -΅·=Θ2, =·=5΄2 -΅µµ=!¨Θ2 !*+ /¨(·Γ·῾%+ !Γ· ᾿¨·(!)· -!* ῟(%µ65∆Γ-* /%( !*· =᾿¨᾿!=῾%
!¨΅+ [74], [10].

῝΅·¨Κ῾Σ¨·!%+, * ᾿5%΄µ%!(/2 ᾿56/·*-* ΄(% !¨ µΑ··¨· !Γ· =∆%5µ¨΄)· ᾿56-Λ%-*+ -!*
῟(/%(¨-:·* ῟=· =῾·%( %᾿·)+ * !=Θ·¨·¨΄(/2 /%(·¨!¨µ῾%, %··. * ¨·(-!(/2 =·-Γµ.!Γ-2 !*+ -=
Α·% ¨(/¨-:-!*µ% -΅µ᾿=5῾·*Κ*+, =µ᾿(-!¨-:·*+ /%( /¨(·Γ·(/2+ ῟(/%(¨-:·*+, ᾿¨΅ ῟=· %∆2·=(
/%·Α·%· ᾿῾-Γ -!*· Κ*∆(%/2 =᾿¨Θ2 !¨΅ ῟(/%῾¨΅.

6.4.3 Ω()Νµ·)· Ι(Π2·35Χ Λ/΄µ·)5Κ

,¨ Κ*∆(%/6 Θ.-µ% %·%῟=(/·:=!%( -΅-!*µ%!(/. -!* Μ(Λ·(¨΄5%∆῾% Γ+ µ(% -*µ%·!(/2
᾿56/·*-* ΄(% !*· (-6!(µ* ᾿56-Λ%-* -!* ῟(/%(¨-:·* -!* -:΄Θ5¨·* =᾿¨Θ2 !*+ !=Θ·*!2+
·¨*µ¨-:·*+. Χ ῟(=1·2+ =µ᾿=(5῾% /%( * -Θ=!(/2 Μ(Λ·(¨΄5%∆῾% ῟=῾Θ·¨΅· 6!( !¨ Κ*∆(%/6
Θ.-µ% ῟=· ᾿=5(¨5῾Σ=!%( -!*· %᾿·2 :᾿%5;* 2 µ* !=Θ·¨·¨΄(/¨: =;¨᾿·(-µ¨: 2 -:·῟=-*+ -!¨
῟(%῟῾/!΅¨. 9·!῾1=!%, %᾿¨!=·=῾ Α·% ᾿¨·΅᾿%5%΄¨·!(/6 Η%(·6µ=·¨ ᾿¨΅ ᾿=5(·%µΛ.·=( !=Θ·(/Α+,
/¨(·Γ·(/Α+, ¨(/¨·¨µ(/Α+ /%( Κ΅Θ¨·¨΄(/Α+ ῟(%-!.-=(+ [10], [89].
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6.5 ῝΅µ᾿=5.-µ%!%

῝= ᾿¨··Α+ Θ)5=+ /%( (῟(%῾!=5% -= =΅.·Γ!=+ /¨(·Γ·(/Α+ ¨µ.῟=+, * ᾿56-Λ%-* -= ΄52΄¨5¨
/%( -!%1=56 (·!=5·=!, -:΄Θ5¨·=+ -΅-/=΅Α+ /%( %-∆%·2 ·¨΄(-µ(/. ᾿%5%µΑ·=( %·=᾿%5/2+. Ε(
᾿¨·῾!=+ ᾿¨΅ Υ¨΅· -= %΄5¨!(/Α+ 2 %᾿¨µ%/5΅-µΑ·=+ ᾿=5(¨ΘΑ+, .!¨µ% µ= Θ%µ*·6 =(-6῟*µ%
2 *·(/(ΓµΑ·¨( -΅Θ·. -!=5¨:·!%( !*+ ῟΅·%!6!*!%+ ·% -΅µµ=!.-Θ¨΅· (-6!(µ% -= ῟(%῟(/%-῾=+
online ῟(/%(¨-:·*+ 2 !*·=῟(%-/ΑΚ=(+ ῟(/%-!*5῾Γ·.

Χ !=Θ·(/2 ᾿56-Λ%-* ῟=· -΅·=᾿.΄=!%( %΅!6µ%!% /%( ¨΅-(%-!(/2 -΅µµ=!¨Θ2. Χ Α··¨(%
!¨΅ Κ*∆(%/¨: Θ.-µ%!¨+ ῟=:!=5*+ ΄=·(.+ (second digital divide) %·%∆Α5=!%( -!*· %῟΅·%µ῾%
%;(¨᾿¨῾*-*+ !Γ· !=Θ·¨·¨΄(/)· ῟΅·%!¨!2!Γ· ·6΄Γ Α··=(Κ*+ Κ*∆(%/)· ῟=;(¨!2!Γ·, %΅!¨᾿=᾿¨-
῾1*-*+, 2 ΄·)-*+ !Γ· Μ%-(/)· %5Θ)· ᾿5¨-!%-῾%+ ῟=῟¨µΑ·Γ·, ῟(%῟(/!΅%/2+ %-∆.·=(%+ /%(
Θ5*-!(/2+ ᾿·¨2΄*-*+ -!(+ ῟(/%-!(/Α+ ᾿·%!∆65µ=+. Ε( µ=·Α!=+ ῟=῾Θ·¨΅· 6!( .!¨µ% µ= Θ%µ*·2
!=Θ·¨·¨΄(/2 =;¨(/=῾Γ-* =µ∆%·῾Σ¨΅· -*µ%·!(/. Θ%µ*·6!=5% ᾿¨-¨-!. =᾿(!΅Θ¨:+ ῟(=/᾿=5%῾Γ-
-*+ ΅᾿¨1Α-=Γ· 2 %/6µ% /%( -΅µµ=!¨Θ2+ -= ¨··(·= %/5¨.-=(+ [10], [89].

,¨ Κ*∆(%/6 Θ.-µ% =·!=῾·=!%( %᾿6 /¨(·Γ·(/¨:+ /%( Κ΅Θ¨·¨΄(/¨:+ ᾿%5.΄¨·!=+, 6᾿Γ+ ¨
Η6Λ¨+ %᾿Α·%·!( -!*· !=Θ·¨·¨΄῾%, * /%Θ΅᾿¨Κ῾% Γ+ ᾿5¨+ !* ῟(%∆.·=(% /%( !*· %;(¨᾿(-!῾% !Γ·
%΅!¨µ%!¨᾿¨(*µΑ·Γ· ῟(%῟(/%-()·, /%( * ᾿¨·(!(-µ(/2 2 ΄·Γ--(/2 %᾿¨;Α·Γ-* ᾿¨΅ Μ()·¨΅·
µ=(¨·6!*!=+ /%( µ* Η΅-(/¨῾ ¨µ(·*!Α+ !*+ /΅5῾%5Θ*+ ΄·)--%+[74].Χ ῟΅-᾿(-!῾% %΅!2 =·῟ΑΘ=-
!%( ·% ·=(!¨΅5΄2-=( %᾿¨!5=᾿!(/. %/6µ* /%( ΄(% ᾿¨·῾!=+ ᾿¨΅ ῟(%1Α!¨΅· =᾿%5/2 !=Θ·¨·¨΄(/.
µΑ-%, ¨῟*΄)·!%+ -= =1=·¨:-(¨ 2 %/¨:-(¨ %᾿¨/·=(-µ6 !¨΅+ %᾿6 ῟(%῟(/%-῾=+ ·¨µ(/2+ !=Θ·¨-
·¨΄῾%+ [89][10].

Ε( /¨(·Γ·(/Α+ =᾿(᾿!)-=(+ !¨΅ Κ*∆(%/¨: Θ.-µ%!¨+ =῾·%( =µ∆%·=῾+ -!* µ=(ΓµΑ·* =/᾿5¨-
-)᾿*-*, -!* Θ%µ*·6!=5* =᾿(!΅Θ῾% %΅!¨=/᾿5¨-)᾿*-*+ (self-representation), -!* ῟(%!25*-*
!¨΅ Η6Λ¨΅ %᾿Α·%·!( -!% ῟(/%-!25(% /%( -!* -!%῟(%/2 %᾿¨;Α·Γ-* µ=΄.·Γ· !µ*µ.!Γ· !¨΅
᾿·*1΅-µ¨: %᾿6 !*· Α··¨(% !*+ ῟(/%(¨-:·*+ Γ+ ῟*µ6-(¨ %΄%16. Χ -:΄Θ5¨·* Μ(Λ·(¨΄5%∆῾%
/%( ¨( policy studies ᾿5¨!=῾·¨΅· Γ+ %·!῾῟¨!¨ µ(% ᾿¨·΅=᾿῾᾿=῟* -!5%!*΄(/2 : =᾿=·῟:-=(+ -=
΅·(/Α+ /%( !=Θ·(/Α+ ΅᾿¨῟¨µΑ+, ῟(%5/2 ᾿5¨΄5.µµ%!% =/᾿%῾῟=΅-*+ Κ*∆(%/¨: %·∆%Λ*!(-µ¨-
:, Ο=-µ(/2 =·῾-Θ΅-* !Γ· !¨᾿(/)· legal hubs 2 ῟*µ6-(Γ· -*µ=῾Γ· ᾿56-Λ%-*+, /%( =·=5΄2
-΅µµ=!¨Θ2 !Γ· ῾῟(Γ· !Γ· =΅.·Γ!Γ· ¨µ.῟Γ· -!¨ -Θ=῟(%-µ6 /%( !*· %;(¨·6΄*-* !Γ· ·ΑΓ·
!=Θ·¨·¨΄()· [10].

,Α·¨+, =῾·%( %᾿%5%῾!*!* * -΅·=Θ2+ µΑ!5*-* /%( %;(¨·6΄*-* !Γ· =᾿(᾿Α῟Γ· ᾿56-Λ%-*+ /%(
-΅µµ=!¨Θ2+ )-!= ·% %·(Θ·=:¨·!%( Α΄/%(5% ¨( ·Α=+ µ¨5∆Α+ %᾿¨/·=(-µ¨: /%( ·% ·%µΛ.·¨·!%(
῟(¨51Γ!(/. µΑ!5% µ= /¨(·Γ·(/. ΅᾿=:1΅·¨ !56᾿¨ [10].

6.5 Β῝µ¨-%/΄µ·)·

῝!¨· 21¨ %()·%, !¨ -!¨῾Θ*µ% !*+ ῟(/%(¨-:·*+ ῟=· =῾·%( µ6·¨ !=Θ·(/6 2 Ο=-µ(/6, %··.
Μ%1(. %·15)᾿(·¨ /%( -΅··¨΄(/6. Χ !=Θ·*!2 ·¨*µ¨-:·* /%( * ·¨µ(/2 !=Θ·¨·¨΄῾% ΑΘ¨΅· !*
῟:·%µ* ·% ΄/5=µ῾-¨΅· !=῾Θ* %··. /%( ·% ΅Κ)-¨΅· ·Α%. Χ ᾿56¨῟¨+ ῟=· %5/=῾ %· ῟=· -΅·¨-
῟=:=!%( %᾿6 =΅%(-1*-῾% %᾿Α·%·!( -!(+ %·(-6!*!=+, %·¨(Θ!6!*!% -!* ῟(%∆Γ·῾% /%( %∆¨-῾Γ-*
-!* ῟(%∆.·=(%.

ΝΕ-% %·%·:1*/%· %᾿¨῟=(/·:¨΅· ᾿Γ+ /%µ῾% !=Θ·¨·¨΄(/2 /%(·¨!¨µ῾% ῟=· µ᾿¨5=῾ ·% %᾿¨-
῟)-=( /%5᾿¨:+ ΘΓ5῾+ !*· =·=5΄2 -΅µµ=!¨Θ2 6·Γ· !Γ· =µ᾿·=/¨µΑ·Γ· : µ*Θ%·(/)·, ·¨µ(/)·,
/¨(·Γ·(/)· =᾿(-!*µ6·Γ·, Ο=-µ(/)· Η¨5ΑΓ· /%( – /΅5῾Γ+ – !*+ /¨(·Γ·῾%+ !Γ· ᾿¨·(!)·. Χ
µ=!.Λ%-* -= Α·% ῟῾/%(¨, %·1=/!(/6 /%( %·¨(Θ!6 ¨(/¨-:-!*µ% ῟(/%(¨-:·*+ Ο% =᾿(!=΅Θ1=῾
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0=∆.·%(¨ 6. 4=··¨·!(/Α+ 0%!=΅1:·-=(+

µ6·¨ µΑ-% %᾿6 -΅·=Θ2 ῟(.·¨΄¨, -!¨Θ=΅µΑ·* =/᾿%῾῟=΅-*, -!5%!*΄(/Α+ -΅µ᾿=5῾·*Κ*+ /%(
-΅-!*µ%!(/2 %;(¨·6΄*-* !Γ· /¨(·Γ·(/)· -΅·=᾿=()· !*+ !=Θ·¨·¨΄῾%+.

,¨ µΑ··¨· ᾿%5%µΑ·=( %·¨(Θ!6 : !% Τ῾-/% =῾·%( ΅᾿%5/!. %··. /%( ¨( ῟΅·%!6!*!=+ !=-
Τ.-!(=+. Χ =᾿(·¨΄2 =῾·%( ῟(/2 µ%+, ·% =᾿(µ=῾·¨΅µ= -!*· !=Θ·¨·¨΄(/2 %5(-!=῾% Γ+ 6Θ*µ% ΄(%
᾿=5(--6!=5* (-6!*!%, ῟(%∆.·=(% /%( ᾿5¨-Λ%-(µ6!*!% -!* ῟(/%(¨-:·* ΄(% 6·¨΅+.
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῾-Π/0·25 7

!¨΅05.5Κ

7.1 Φ-%΅0(Ι( )*+ -῝%(µ/)*+

Χ ᾿%5¨:-% =5΄%-῾% ᾿5%΄µ%!¨᾿¨῾*-= µ(% =(+ Μ.1¨+ =᾿(-/6᾿*-* /%( !=Θ·(/2 %·.·΅-
-* !*+ =᾿῾῟5%-*+ !Γ· 4=΄.·Γ· Β·Γ--(/)· 4¨·!Α·Γ· (LLMs) -!¨ ῟῾/%(¨, /%·:᾿!¨·!%+ !¨
Η.-µ% %᾿6 !* Ο=Γ5*!(/2 Ο=µ=·῾Γ-*, !% Μ%-(/. %5Θ(!=/!¨·(/. Θ%5%/!*5(-!(/. /%( !(+ µ*-
Θ%·(-!(/Α+ ῟(%∆¨5Α+ !¨΅+, ΑΓ+ /%( !*· =∆%5µ¨΄2 !¨΅+ -= ᾿5%΄µ%!(/Α+ ·¨µ(/Α+ =5΄%-῾=+,
-΅-!2µ%!% /%( ῟(/%-!(/. ᾿=5(Λ.··¨·!%. 9᾿6 !*· %·.·΅-* ᾿5¨/:᾿!=( 6!( !% LLMs ᾿5¨-
-∆Α5¨΅· -*µ%·!(/Α+ ῟΅·%!6!*!=+ -!*· %·.·΅-* Η΅-(/2+ ΄·)--%+, %·%΄·)5(-* ᾿5¨!:᾿Γ·
/%( -:·1=-* %᾿%·!2-=Γ·, %;(¨᾿¨()·!%+ -:΄Θ5¨·=+ ·=΅5Γ·(/Α+ %5Θ(!=/!¨·(/Α+ 6᾿Γ+ ¨( µ=!%-
-Θ*µ%!(-!Α+ (transformers) /%( =µΛ=῟῟(·΄+ ΅Κ*·2+ ῟(%-!%!(/6!*!%+. ῝= ᾿5%/!(/6 =᾿῾᾿=῟¨,
ΑΘ¨΅· =·(-Θ:-=( Τ(Σ(/. Μ%-(/Α+ =5΄%-῾=+ !*+ ·¨µ(/2+ =᾿(-!2µ*+, 6᾿Γ+ * ·¨µ(/2 Α5=΅·% /%( *
%·./!*-* ᾿·*5¨∆¨5῾%+ (legal research & information retrieval), * ¨᾿¨῾% µ=!%-Θ*µ%!῾-!*-
/= %᾿6 ᾿%5%῟¨-(%/. -΅-!2µ%!% Μ%-(-µΑ·% -= ·Α;=(+-/·=(῟(. -= ᾿¨·΅῟(.-!%!% ᾿(᾿=·(·=+
-=µ%·!(+ Τ=!5(=%·, ῟(%·΅-µ%!(/2+ %·%Σ2!*-*+ (vector search) /%( RAG. 3᾿(᾿·Α¨·, * /%-
!*΄¨5(¨᾿¨῾*-* /%( * %΅!6µ%!* %·.·΅-* ·¨µ(/)· =΄΄5.∆Γ· ᾿5%΄µ%!¨᾿¨(¨:·!%( ᾿·Α¨· µ=
%/5῾Λ=(%, !%Θ:!*!% /%( ῟΅·%!6!*!% %·῾Θ·=΅-*+ Ο=µ%!(/)· 2 Ο=-µ(/)· -΅-Θ=!(-µ)·, %/6µ%
/%( -= µ=΄.·*+ /·῾µ%/%+ corpora. 3᾿(᾿56-1=!%, * Θ52-* !Γ· LLMs ΄(% ᾿56Λ·=Κ* ῟(/%-!(-
/)· %᾿¨∆.-=Γ· (judicial decision prediction), %·.·΅-* ·¨µ¨·¨΄῾%+ /%( %΅!6µ%!* ᾿%5%΄Γ΄2
%(!(¨·¨΄῾%+ ΑΘ=( %᾿¨῟)-=( =·!΅᾿Γ-(%/. %᾿¨!=·Α-µ%!% -= ᾿(·¨!(/Α+ /%( ᾿%5%΄Γ΄(/Α+ =∆%5-
µ¨΄Α+ -= ᾿¨··Α+ Θ)5=+, 6᾿Γ+ * 0῾·%, * ,¨΅5/῾%, ¨( Χ῭9, * 3·Λ=!῾% /%( ¨( ῞(·(᾿᾿῾·=+. ,%
pipelines ᾿¨΅ -΅·῟΅.Σ¨΅· -=µ%·!(+ Τ=!5(=%·, (=5%5Θ(/2 =᾿=;=5΄%-῾% ᾿5%΄µ%!(/)· ᾿=5(-!%-
!(/)· /%( -΅µΛ¨·(/Α+ µ=16῟¨΅+ %΅;.·¨΅· !* ῟(%∆.·=(% /%( !* -΅·Α᾿=(% !Γ· ᾿5¨Λ·ΑΚ=Γ·,
=·) =∆%5µ6Σ¨·!%( ῟¨µ*µΑ·% Η5%µ=Γ¨5/+ ΄(% %;(¨·6΄*-* /%( ῟(%-!%:5Γ-* %᾿¨!=·=-µ.!Γ·
(benchmarking, gold standard annotation).

3᾿(᾿·Α¨·, * =;Α·(;* %΅!¨µ%!¨᾿¨(*µΑ·Γ· =5΄%·=῾Γ· ·¨µ(/2+ ΅᾿¨-!25(;*+, 6᾿Γ+ !% chat-
bots, ¨( virtual assistants /%( !% =5΄%·=῾% %΅!6µ%!*+ ᾿%5%΄Γ΄2+ =΄΄5.∆Γ·, %;(¨᾿¨(=῾ !(+
῟΅·%!6!*!=+ !Γ· LLMs ΄(% ᾿%5¨Θ2 ᾿5¨-%5µ¨-µΑ·*+ ᾿·*5¨∆¨5῾%+, %·.·΅-* -΅µΛ¨·%῾Γ· /%(
΅᾿¨-!25(;* ᾿¨·(!)· 2 ·¨µ(/)· =᾿%΄΄=·µ%!()·. Ε( -:΄Θ5¨·=+ ᾿·%!∆65µ=+ =·-Γµ%!)·¨΅·
RAG pipelines, =;=(῟(/=΅µΑ·% µ¨·!Α·% =᾿=;=5΄%-῾%+ ·¨µ(/)· =5Γ!*µ.!Γ· /%( µ*Θ%·(-µ¨:+
%;(¨·6΄*-*+ !*+ %/5῾Λ=(%+ /%( !*+ %·*1¨∆.·=(%+ (faithfulness, citation accuracy).

Χ =᾿(-!*µ¨·(/2 /%( Ο=-µ(/2 %;(¨·6΄*-* !Γ· -΅-!*µ.!Γ· %΅!)· =᾿(Λ.··=( !*· ΅(¨1Α!*-*
᾿¨·΅῟(.-!%!Γ· ᾿·%(-῾Γ· %;(¨·6΄*-*+ ᾿¨΅ ;=᾿=5·¨:· !(+ /·%-(/Α+ µ=!5(/Α+ 6᾿Γ+ accuracy,
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F1 /%( recall, /%( =·-Γµ%!)·¨΅· =(῟(/Α+ µ=!5(/Α+ ΄(% !*· %᾿¨!῾µ*-* !*+ ·¨µ(/2+ !=/µ*-
Τ῾Γ-*+, !*+ Η%(!*∆΅··=-+, !*+ =5µ*·=΅-(µ6!*!%+, !*+ (Θ·*·%-(µ6!*!%+ (provenance) /%(
!*+ -΅·Α᾿=(%+ !Γ· ᾿%5%᾿¨µ᾿)· (citation consistency). ῭5¨*΄µΑ·% frameworks, 6᾿Γ+ !¨
LegalBench-RAG, LeCoDe, RAGAS /%( LexGLUE, =᾿(!5Α᾿¨΅· !* -΅-!*µ%!(/2 -:΄/5(-* µ¨-
·!Α·Γ·, retrievers /%( !=Θ·(/)· explainability, =·) datasets 6᾿Γ+ !¨ LeCaRD /%( !¨ CUAD
=µ᾿·¨΅!῾Σ¨΅· !(+ ῟΅·%!6!*!=+ =/᾿%῾῟=΅-*+ /%( %;(¨·6΄*-*+ -= ᾿5%/!(/. -=·.5(%.

῭%5. !(+ !=Θ·¨·¨΄(/Α+ =;=·῾;=(+, ᾿%5%µΑ·¨΅· -*µ%·!(/Α+ ᾿5¨/·2-=(+, 6᾿Γ+ * %·΄¨5(1-
µ(/2 ᾿5¨/%!.·*Κ* (algorithmic bias) /%( !% Η%(·6µ=·% ᾿%5%(-12-=Γ· (hallucinations),
᾿¨΅ ¨῟*΄¨:· -= %!=/µ*5῾Γ!=+ 2 =-∆%·µΑ·=+ %᾿%·!2-=(+. Χ ᾿=5(¨5(-µΑ·* ῟(%∆.·=(% ·6΄Γ
!*+ ·=(!¨΅5΄῾%+ !Γ· µ¨·!Α·Γ· Γ+ «µ%:5% /¨΅!(.» (black box models) ῟΅-Θ=5%῾·=( !*· =5-
µ*·=῾% !Γ· -΅··¨΄(-µ)·. 3᾿(᾿·Α¨·, * ᾿5¨-%5µ¨΄2 ῟(=1·)· ᾿5¨!:᾿Γ· %;(¨·6΄*-*+ -= µ*
%΄΄·6∆Γ·=+ 2 ᾿=5(¨5(-µΑ·Γ· ᾿65Γ· ῟(/%(¨῟¨-῾=+, 6᾿Γ+ * 3··.῟%, ᾿%5%µΑ·=( ῟:-/¨·*, =·)
* ᾿56-Λ%-* -= %·¨(Θ!. /%( ᾿¨(¨!(/. ·¨µ(/. ῟=῟¨µΑ·% %᾿¨!=·=῾ /5῾-(µ¨ Υ2!*µ%. ,Α·¨+, * Ο=-
-µ(/2 ᾿¨·΅µ¨5∆῾% /%( !% Υ*!2µ%!% %᾿¨552!¨΅ =·!=῾·¨΅· !*· %·.΄/* ΄(% -΅·=Θ2 Τ΅1µ(-!(/2
/%( !=Θ·(/2 ᾿5¨-%5µ¨΄2.

3᾿(᾿·Α¨·, * ΅(¨1Α!*-* /%(·¨!6µΓ· !=Θ·¨·¨΄()· ῟(%∆Α5=( -*µ%·!(/. µ=!%;: ΘΓ5)·. Χ
0῾·% ;=ΘΓ5῾Σ=( ΄(% !*· !=Θ·¨/5%!(/2 !*+ ᾿5¨-Α΄΄(-*, =·) * 3΅5Γ᾿%Π/2 Ν3·Γ-* /%( * 3·Λ=!῾%
=-!(.Σ¨΅· -!¨· %΅-!*56 Τ΅1µ(-!(/6 Α·=΄Θ¨. 9·!῾1=!%, ¨( Χ῭9 Θ%5%/!*5῾Σ¨·!%( %᾿6 =µ᾿¨5(-
/2 ΅(¨1Α!*-*, =·) Θ)5=+ 6᾿Γ+ * ,¨΅5/῾% /%( ¨( ῞(·(᾿᾿῾·=+ ᾿=(5%µ%!῾Σ¨·!%( µ= -΅·=5΄%!(/.
/%( ᾿(·¨!(/. µ¨·!Α·%. Χ =᾿(!΅Θ2+ =·-Γµ.!Γ-* !Γ· LLMs ᾿5¨Ι᾿¨1Α!=( !*· (-¨55¨᾿῾% µ=-
!%;: !=Θ·¨·¨΄(/2+ /%(·¨!¨µ῾%+, Τ΅1µ(-!(/2+ =᾿.5/=(%+, Ο=-µ(/2+ ῟(%∆.·=(%+ /%( =·=5΄¨:
-΅µµ=!¨Θ2+ !Γ· ·¨µ(/)· =᾿%΄΄=·µ%!()·.

῝΅·¨·(/., ¨( !=Θ·¨·¨΄῾=+ LLMs ¨῟*΄¨:· -= ᾿¨(¨!(/2 %·%Λ.1µ(-* !*+ ·¨µ(/2+ =᾿(-!2µ*+,
%΅;.·¨·!%+ !*· %᾿¨!=·=-µ%!(/6!*!%, !*· %/5῾Λ=(% /%( !*· ᾿5¨-Λ%-(µ6!*!% -!* ῟(/%(¨-:·*.
῎-!6-¨, * ᾿5%΄µ%!(/2 /%(·¨!¨µ῾% %᾿%(!=῾ ῟(%5/2 /5(!(/2 %;(¨·6΄*-*, ·¨µ(/2 /%( !=Θ·(/2
῟(%·=(!¨΅5΄(/6!*!%, ῟(=᾿(-!*µ¨·(/2 -΅·=5΄%-῾% /%( -΅·=Θ2 ᾿5¨-%5µ¨΄2 -!% ῟=῟¨µΑ·% !*+
!=Θ·*!2+ ·¨*µ¨-:·*+.

7.2 !¨2¨)4΄-2Κ ΄)( +5µ23Ν ¨%·3)23Ν

Χ Τ%΄῟%῾% =·-Γµ.!Γ-* !Γ· 4=΄.·Γ· Β·Γ--(/)· 4¨·!Α·Γ· (LLMs) -!* ·¨µ(/2 =᾿(-!2µ*
/%( ᾿5.;* %·%῟(%µ¨5∆)·=( Ο=µ=·(%/. !¨ !¨᾿῾¨ !*+ !=Θ·(/2+ /%(·¨!¨µ῾%+, =᾿*5=.Σ¨·!%+ !*·
=;Α·(;* %·΄¨5῾1µΓ·, !*· %5Θ(!=/!¨·(/2 !Γ· ᾿·*5¨∆¨5(%/)· -΅-!*µ.!Γ·, %··. /%( !* µ=1¨-
῟¨·¨΄῾% %·.᾿!΅;*+ /%( %;(¨·6΄*-*+ ·ΑΓ· !=Θ·¨·¨΄()· -!¨· ·¨µ(/6 Θ)5¨.

῝!¨ ᾿5)!¨ =᾿῾᾿=῟¨, * %·.᾿!΅;* /%( ᾿5¨-%5µ¨΄2 =(῟(/)· LLMs ΄(% ·¨µ(/Α+ =∆%5µ¨΄Α+
(6᾿Γ+ !% LegalBERT, CaseLawBERT, GreekLegalBERT, LexLM) ΑΘ=( /%!%-!2-=( -%∆Α+ 6!(
!% ΄=·(/¨: -/¨᾿¨: µ¨·!Α·% ῟=· =᾿%5/¨:· ΄(% !% -:·1=!% -΅µ∆5%Σ6µ=·% /%( !* Ο=-µ(/2 ¨5¨-
·¨΄῾% !¨΅ ῟(/%῾¨΅. Χ %·.΄/* ΄(% ΅Κ*·2+ %/5῾Λ=(%+ -*µ%-(¨·¨΄(/2 /%!%·6*-*, %·%΄·)5(-*
¨·!¨!2!Γ·, %᾿¨!:᾿Γ-* ·¨΄(/)· -΅-Θ=!῾-=Γ· /%( =᾿=;=5΄%-῾% ᾿¨·:᾿·¨/Γ· Τ*!¨5(/)· ῟¨µ)·
¨῟2΄*-= -!*· %·.᾿!΅;* !=Θ·(/)· fine-tuning, domain adaptation /%( meta-learning, µ= Αµ-
Η%-* -!*· %;(¨᾿¨῾*-* Ο=µ%!(/)· /%( ΄·Γ--(/. =;=(῟(/=΅µΑ·Γ· +¨5᾿¨5%. ,¨ =᾿(-!*µ¨·(/6
=·῟(%∆Α5¨· µ=!%!¨᾿῾Σ=!%( ᾿·Α¨· ᾿5¨+ ᾿(¨ -:·1=!% µ¨·!Α·% multitask learning, cross-lingual
transfer & prompt engineering, ᾿¨΅ ῟(=΅/¨·:·¨΅· !* Θ52-* !Γ· LLMs -= ῟(%∆¨5=!(/. ·¨-
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µ(/. -΅-!2µ%!% /%( ΄·)--=+.
῝= %΅!6 !¨ ᾿·%῾-(¨, * ῟(%1=-(µ6!*!% ῟=῟¨µΑ·Γ· %·%῟=(/·:=!%( Γ+ /%1¨5(-!(/6+ ᾿%5.΄¨-

·!%+ !=Θ·(/2+ ᾿5¨6῟¨΅. Χ ῟*µ(¨΅5΄῾% annotated datasets, benchmarking collections (᾿.Θ.
LeCaRD, LexGLUE, LeCoDe, ContractNLI) /%( * =᾿(-*µ=῾Γ-* ᾿5%΄µ%!(/)· ·¨µ(/)· =5Γ-
!*µ.!Γ·, Τ*!5)· 2 %᾿¨∆.-=Γ· =῾·%( ᾿·Α¨· !¨ =᾿῾/=·!5¨ !*+ =᾿(-!*µ¨·(/2+ -΅·=5΄%-῾%+
µ=!%;: ·¨µ(/)·, µ*Θ%·(/)· /%( =᾿(-!*µ6·Γ· ῟=῟¨µΑ·Γ·. Χ ῟΅-/¨·῾% -΅··¨΄2+ ῟=῟¨µΑ·Γ·
-= µ* %΄΄·6∆Γ·=+ Α··¨µ=+ !.;=(+ 2 !¨µ=῾+ Θ%µ*·2+ ᾿·*5¨∆¨5῾%+ %᾿¨!=·=῾ -2µ=5% -*µ%-
·!(/6 !=Θ·(/6 Η5%΄µ6, ᾿¨΅ %᾿%(!=῾ ·:-=(+ 6᾿Γ+ µ=!%∆¨5. ΄·)-*+ (transfer learning), data
augmentation /%( %΅!6µ%!* ῟*µ(¨΅5΄῾% -΅·1=!(/)· ῟=῟¨µΑ·Γ· µΑ-Γ LLMs.

Χ !=Θ·(/2 %5Θ(!=/!¨·(/2 !Γ· -΅-!*µ.!Γ· ΑΘ=( =;=·(Θ1=῾ -= ᾿¨·΅-!5Γµ%!(/., modular
/%( =᾿=/!.-(µ% pipelines, 6᾿¨΅ !% LLMs -΅·=5΄.Σ¨·!%( µ= -΅-!2µ%!% %·%Σ2!*-*+ (Τ=!5(=-
=5+), Μ.-=(+ ῟=῟¨µΑ·Γ· =+!¨5 =µΛ=῟῟(·΄+, /·¨Γ·=῟΄= ΄5%᾿*+, µ*Θ%·(-µ¨:+ Τ=5%·/(·΄ /%(
%;(¨·6΄*-*+ faithfulness/citation accuracy. Χ %5Θ(!=/!¨·(/2 Retrieval-Augmented Gen-
eration (RAG) ·=(!¨΅5΄=῾ Γ+ -*µ=῾¨ !¨µ2+ µ=!%;: %·%Σ2!*-*+ ᾿·*5¨∆¨5῾%+ /%( ΄·Γ--(/2+
᾿%5%΄Γ΄2+, ᾿5¨-∆Α5¨·!%+ %;(¨᾿(-!῾%, =᾿%·*1=΅-(µ6!*!% /%( ῟΅·%!6!*!% +(!%!(¨· !5%+(·΄
᾿¨΅ ῟=· 2!%· =∆(/!Α+ µ= /·%-(/. µ¨·!Α·%. ,% -:΄Θ5¨·% ᾿(᾿=·(·=+ =·-Γµ%!)·¨΅· multi-hop
reasoning, contextual reordering, hybrid dense+sparse retrieval /%( dynamic prompt as-
sembly, =·) !%΅!6Θ5¨·% ῟(%Θ=(5῾Σ¨·!%( µ=΄.·¨΅+ 6΄/¨΅+ ῟=῟¨µΑ·Γ· µ= Θ%µ*·6 latency /%(
/·(µ%/¨:µ=·* ΅᾿¨῟¨µ2.

Ν3·%+ %/6µ* !¨µΑ%+ µ= (῟(%῾!=5¨ !=Θ·(/6 Μ.1¨+ =῾·%( * %;(¨·6΄*-* /%( benchmarking.
,% ·¨µ(/. LLM pipelines ᾿·Α¨· %᾿%(!¨:· ᾿¨·΅῟(.-!%!* %᾿¨!῾µ*-*. Χ Μ(Λ·(¨΄5%∆῾% ῟=῾Θ·=(
6!( ¨( µ=!5(/Α+ %΅!Α+ ῟=· =῾·%( ᾿.·!% -΅΄/·῾·¨·!=+, ΄=΄¨·6+ ᾿¨΅ ῟*µ(¨΅5΄=῾ ·Α=+ ᾿5¨/·2-=(+
-!*· =᾿(·¨΄2 /%!.··*·Γ· benchmarks ΄(% /.1= =∆%5µ¨΄2.

Χ %·.᾿!΅;* µ*Θ%·(-µ)· =·Α΄Θ¨΅ ᾿%5%(-12-=Γ· (hallucination detection), %΅῟(!(·΄ /%(
explainability Μ5῾-/=!%( -!¨ =᾿῾/=·!5¨ !*+ Α5=΅·%+ /%( !*+ %΄¨5.+. Χ !=Θ·(/2 /¨(·6!*!% %·%-
᾿!:--=( =5΄%·=῾% ΄(% !* ῟(%-!%:5Γ-* !*+ ᾿%5%΄6µ=·*+ ᾿·*5¨∆¨5῾%+ µ= gold standards, !*·
=·-Γµ.!Γ-* citation requirements -= prompts, !* ῟*µ(¨΅5΄῾% transparency modules ᾿¨΅
%·%῟=(/·:¨΅· !% intermediate reasoning steps, /%( !*· %΅!6µ%!* =(῟¨᾿¨῾*-* ΄(% outputs
%µ∆῾Λ¨·*+ =΄/΅56!*!%+. ῭%5.··*·%, ΅·¨᾿¨(¨:·!%( =5΄%·=῾% real-time feedback, dynamic
retraining /%( active learning µ= -!6Θ¨ !* -΅·=Θ2 Μ=·!῾Γ-* !*+ ᾿¨(6!*!%+ !Γ· µ¨·!Α·Γ· -=
᾿5%΄µ%!(/Α+ -΅·12/=+.

7=· ᾿5Α᾿=( ·% ᾿%5%Λ·Α᾿=!%( !¨ Υ2!*µ% !*+ %-∆.·=(%+, !*+ (῟(Γ!(/6!*!%+ /%( !*+ Ο=-µ(-
/2+ -΅µµ65∆Γ-*+. Ε( %᾿%(!2-=(+ !*+ GDPR, !¨΅ AI Act /%( =1·(/)· Τ΅1µ(-!(/)· ᾿·%(-῾Γ·
=᾿(Λ.··¨΅· !*· %·.᾿!΅;* privacy-preserving µ¨·!Α·Γ·, !* Θ52-* anonymization pipelines,
federated learning ΄(% =/᾿%῾῟=΅-* ΘΓ5῾+ ῟(%µ¨(5%-µ6 =΅%῾-1*!Γ· ῟=῟¨µΑ·Γ·, /%( =·-Γ-
µ.!Γ-* auditing trails ΄(% /.1= ·¨µ(/. -*µ%·!(/2 ·=(!¨΅5΄῾%. Χ !=Θ·(/2 %·!%᾿6/5(-* -=
%΅!. !% %(!2µ%!% -΅Θ·. %᾿%(!=῾ -΅µΛ(Λ%-µ¨:+ µ=!%;: %᾿¨῟¨!(/6!*!%+, /·῾µ%/%+, %-∆.·=(%+
/%( /6-!¨΅+ ΅·¨᾿¨῾*-*+.

Ν3·%+ -*µ%·!(/6+ .;¨·%+ !=Θ·(/2+ =;Α·(;*+ %᾿¨!=·=῾ * =/᾿%῾῟=΅-* /%( * -΅·=5΄%-῾%
µ=!%;: µ*Θ%·(/)· /%( ·¨µ(/)·. Χ %·.΄/* ΄(% ῟(=᾿(-!*µ¨·(/2 /%!%·6*-* !Γ· ᾿=5(¨5(-µ)·,
!Γ· %῟΅·%µ()· /%( !Γ· ᾿5¨-῟¨/()· !Γ· ῟:¨ /·.῟Γ· ¨῟2΄*-= -!* ῟*µ(¨΅5΄῾% /¨(·)· ¨µ.῟Γ·
=5΄%-῾%+, workshops, legal data hackathons /%( %·¨(/!)· ᾿·%(-῾Γ· !=/µ*5῾Γ-*+, µ= -/¨᾿6
!* Μ=·!῾Γ-* !*+ /%!%·6*-*+ /%( !*· =·῾-Θ΅-* !*+ ᾿5%/!(/2+ -΅·.∆=(%+ !Γ· =5΄%·=῾Γ· ᾿¨΅
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%·%᾿!:--¨·!%(.
῝΅·¨·(/., * !=Θ·(/2 %·.᾿!΅;* ᾿¨΅ ᾿΅5¨῟6!*-%· !% LLMs -!¨· ·¨µ(/6 !¨µΑ% µ=!%-

!6᾿(-= !¨ =᾿῾/=·!5¨ !*+ /%(·¨!¨µ῾%+ %᾿6 !*· \%᾿·2 %΅!¨µ%!¨᾿¨῾*-*" -= Α·% ᾿¨·΅῟(.-!%!¨
¨(/¨-:-!*µ% !=Θ·¨·¨΄῾%+ %(Θµ2+, 6᾿¨΅ * !=Θ·(/2 %5!(6!*!%, * ᾿5%/!(/2 %;(¨᾿(-!῾% /%( *
Ο=-µ(/2 =΄/΅56!*!% -΅·΅᾿.5Θ¨΅· Γ+ (-6!(µ¨( -!6Θ¨(. Χ ᾿5¨¨᾿!(/2 ΄(% !¨ µΑ··¨· ᾿=5(-
·%µΛ.·=( !* ῟*µ(¨΅5΄῾% %/6µ* ᾿(¨ =;=(῟(/=΅µΑ·Γ·, ῟(%·=(!¨΅5΄(/)· /%( explainable LLMs,
!*· %:;*-* !*+ Θ52-*+ ΄·)-*+ ΄5%∆*µ.!Γ· /%( =·(-Θ΅µΑ·*+ %·%Σ2!*-*+, /%( !* ῟(%µ65-
ΗΓ-* /¨(·)· ῟(=1·)· ᾿5¨!:᾿Γ· ΄(% !*· %;(¨·6΄*-* /%( ῟(%·=(!¨΅5΄(/6!*!% !Γ· ·=΄%· 98
-΅-!*µ.!Γ·. Χ ῟(%5/2+ =-!῾%-* -!*· =᾿(-!*µ¨·(/2 µ=1¨῟¨·¨΄῾%, !% %·¨(Θ!. ῟=῟¨µΑ·%, !*·
!=Θ·(/2 =᾿.5/=(% /%( !* ῟(=᾿(-!*µ¨·(/2 -΅·=5΄%-῾% Ο% =῾·%( /%1¨5(-!(/¨῾ ᾿%5.΄¨·!=+ ΄(%
!*· =᾿(!΅Θ῾% /%( !*· ΅᾿=:1΅·* =∆%5µ¨΄2 !Γ· LLMs -!*· ΅᾿*5=-῾% !*+ ῟(/%(¨-:·*+.

7.3 ,-005+)236Κ 3·)-῝ΟΧ+΄-2Κ )(Κ 6%-῝+·Κ

Χ =᾿(-!*µ¨·(/2 Α5=΅·% -!% 4=΄.·% Β·Γ--(/. 4¨·!Α·% /%( !(+ =∆%5µ¨΄Α+ !¨΅+ -!* ·¨-
µ(/2 !=Θ·*!2 ·¨*µ¨-:·* =;=·῾--=!%( !%Θ:!%!%, %·¨῾΄¨·!%+ ᾿¨·΅῟(.-!%!=+ ᾿5¨¨᾿!(/Α+. ῏%-
-(/6+ .;¨·%+ =῾·%( * %·.᾿!΅;* ᾿¨·΅΄·Γ--(/)· /%( !¨᾿(/. ᾿5¨-%5µ¨-µΑ·Γ· LLMs, /%1)+ !%
΄=·(/. µ¨·!Α·% ·=(!¨΅5΄¨:· /%·:!=5% -= ῟(/%(¨῟¨-῾=+ µ= =/!=·2 %΄΄·6∆Γ·% 2 /(·=Σ6∆Γ·%
῟=῟¨µΑ·%. Β(% !¨ ·6΄¨ %΅!6, * Α5=΅·% =᾿(/=·!5)·=!%( -!*· %;(¨᾿¨῾*-* !=Θ·(/)· 6᾿Γ+ !¨
transfer learning, * ῟*µ(¨΅5΄῾% -΅·1=!(/)· -΅·6·Γ· ῟=῟¨µΑ·Γ· /%( * ῟(=1·2+ -΅·=5΄%-῾%
΄(% /¨(·2 Θ52-* %·¨(/!)· ·¨µ(/)· ῟=῟¨µΑ·Γ·, ᾿5¨/=(µΑ·¨΅ ·% =᾿=/!%1=῾ * =∆%5µ¨-(µ6!*!%
!Γ· LLMs -= !¨᾿(/6 =᾿῾᾿=῟¨.

῭%5.··*·%, * =·῾-Θ΅-* !*+ =5µ*·=΅-(µ6!*!%+ (explainability) /%( !Γ· µ*Θ%·(-µ)· =-
·Α΄Θ¨΅ (auditing) %᾿¨!=·=῾ ᾿5¨!=5%(6!*!%. Χ %·.᾿!΅;* ᾿·%(-῾Γ· ᾿¨΅ !=/µ*5()·¨΅· !¨·
-΅··¨΄(-µ6 !Γ· LLMs ᾿Α5%· !Γ· %᾿·)· ¨᾿!(/¨᾿¨(2-=Γ· ᾿5¨-¨Θ2+ =῾·%( /5῾-(µ* ΄(% !*·
%;(¨᾿(-!῾% /%( /¨(·Γ·(/2 %᾿¨῟¨Θ2, µ= -΅-!2µ%!% ᾿¨΅ ᾿%5ΑΘ¨΅· ᾿·25* ῟(%῟5¨µ2 -΅··¨-
΄(-µ¨: (reasoning path), !=/µ*5῾Γ-* ᾿*΄)· /%( ῟΅·%µ(/Α+ /%!%΄5%∆Α+ (audit trails). Χ
%·!(µ=!)᾿(-* !Γ· ᾿%5%(-12-=Γ· (hallucinations) ᾿%5%µΑ·=( /=·!5(/6 ΟΑµ%, µ= Αµ∆%-* -=
΅Λ5(῟(/Α+ %5Θ(!=/!¨·(/Α+ retrieval–generation, µ*Θ%·(-µ¨:+ ῟(%-!%΅5¨:µ=·*+ =᾿%·21=΅-*+
/%( %·΄¨5῾1µ¨΅+ %΅!¨=·Α΄Θ¨΅ /%( %·῾Θ·=΅-*+ %·!(∆.-=Γ·, ᾿5¨-%5µ¨-µΑ·¨΅+ -!% ·¨µ(/.
᾿·%῾-(%.

3᾿(᾿·Α¨·, * Ο=-µ¨1Α!*-* !¨΅ 0%·¨·(-µ¨: ΄(% !*· ,=Θ·*!2 Φ¨*µ¨-:·* !*+ 3΅5Γ᾿%Π/2+
Ν3·Γ-*+ (EU AI Act) /%1(-!. !(+ ᾿%5%᾿.·Γ !=Θ·(/Α+ 6Θ( %᾿·)+ =᾿(1΅µ*!Α+, %··. ·¨µ(/.
=᾿(Λ=Λ·*µΑ·=+. Ε( %᾿%(!2-=(+ !¨΅ 0%·¨·(-µ¨: ΄(% =5µ*·=΅-(µ6!*!%, %·(Θ·=΅-(µ6!*!% /%(
·¨΄(/2 !=/µ*5῾Γ-* -!(+ %᾿¨∆.-=(+ !Γ· -΅-!*µ.!Γ· ΅Κ*·¨: /(·῟:·¨΅ =᾿*5=.Σ¨΅· .µ=-% !(+
=∆%5µ¨΄Α+ LLMs -!* ·¨µ(/2 ᾿5.;*. 9· /%( ¨ 0%·¨·(-µ6+ ΑΘ=( 2῟* !=1=῾ -= (-Θ:, * ᾿·25*+
=∆%5µ¨΄2 !¨΅ ᾿5¨Ι᾿¨1Α!=( -*µ%·!(/2 !=Θ·(/2 /%( Ο=-µ(/2 ᾿5¨-%5µ¨΄2. Χ µ=!%Λ%!(/2
%΅!2 ᾿=5῾¨῟¨+ %᾿¨!=·=῾ /5῾-(µ¨ Θ5¨·(/6 ᾿%5.1΅5¨ ΄(% !*· %·.᾿!΅;* ·:-=Γ· ᾿¨΅ ·% ῟(%-
-∆%·῾Σ¨΅· -΅µµ65∆Γ-* µ= !¨ Τ΅1µ(-!(/6 ᾿·%῾-(¨ %··. /%( /¨(·Γ·(/2 %᾿¨῟¨Θ2 !Γ· ·¨µ(/)·
AI -΅-!*µ.!Γ·.

Χ /%1(Α5Γ-* /¨(·)· ᾿·%(-῾Γ· %;(¨·6΄*-*+ (benchmarking) /%( * ᾿5¨)1*-* !*+ %·¨(-
/!2+ =᾿(-!2µ*+ (open science) -΅µΛ.··¨΅· -!*· %·%Λ.1µ(-* !Γ· -΅-!*µ.!Γ· µΑ-Γ ᾿¨·΅῟(-
.-!%!Γ·, ῟(%΄·Γ--(/)· benchmarks ᾿¨΅ =·-Γµ%!)·¨΅· µ=!5(/Α+ ΄(% !*· ᾿(-!6!*!%, =5µ*-
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7.3 4=··¨·!(/Α+ /%!=΅1:·-=(+ !*+ Α5=΅·%+

·=΅-(µ6!*!% /%( ·¨µ(/2 %/5῾Λ=(%. Χ ·¨΄(/2 !*+ =᾿%·%·*Κ(µ6!*!%+ =·(-Θ:=( !* ῟(%∆.·=(%
/%( ῟(=΅/¨·:·=( !* -΅·=5΄%-῾% %·.µ=-% -= ῟(%∆¨5=!(/¨:+ =᾿(-!*µ¨·(/¨:+ /%( =᾿%΄΄=·µ%-
!(/¨:+ !¨µ=῾+.

Χ Ο=-µ(/2, /¨(·Γ·(/2 /%( ῟=¨·!¨·¨΄(/2 ῟(.-!%-* !Γ· LLMs %᾿¨/!. %΅;%·6µ=·* -*-
µ%-῾%, µ= Υ*!2µ%!% 6᾿Γ+ * (-6!(µ* ᾿56-Λ%-*, ¨ -%∆2+ /%1¨5(-µ6+ Ο=-µ(/)· ¨5῾Γ· /%( *
=/᾿%῾῟=΅-* !Γ· ·¨µ(/)· -= Κ*∆(%/Α+ ῟=;(6!*!=+ ·% ᾿5¨Λ.··¨΅· Γ+ /5῾-(µ=+ ᾿5¨/·2-=(+.
Χ /%1(Α5Γ-* ῟΅·%µ(/)·, ῟(=1·)+ %·%΄·Γ5(-µΑ·Γ· Τ΅1µ(-!(/)· ᾿·%(-῾Γ·, =῾·%( %᾿%5%῾!*-
!* ΄(% !* ῟(%-∆.·(-* %-∆%·¨:+, ῟(%∆%·¨:+ /%( ΅᾿=:1΅·*+ Θ52-*+ !Γ· -΅-!*µ.!Γ·, =·)
%᾿%(!=῾!%( -΅·=Θ2+ ᾿5¨-%5µ¨΄2 -!(+ !=Θ·¨·¨΄(/Α+ =;=·῾;=(+ /%( /¨(·Γ·(/Α+ %·.΄/=+ )-!= ·%
%᾿¨!5%᾿¨:· ·Α=+ %·(-6!*!=+ 2 %᾿¨/·=(-µ¨῾.

,Α·¨+, * µ=··¨·!(/2 /%(·¨!¨µ῾% ᾿=5(·%µΛ.·=( !*· %·.᾿!΅;* =;=·(΄µΑ·Γ· %΅!¨µ%!¨᾿¨(-
*µΑ·Γ· ᾿5%/!65Γ· (LLM agents) ᾿¨΅ ῟(%Θ=(5῾Σ¨·!%( -:·1=!=+ ·¨µ(/Α+ Τ¨Α+ =5΄%-῾%+, =·-
-Γµ%!)·¨·!%+ ΄·)-* ΄5%∆*µ.!Γ· /%( ΅᾿¨-!*5῾Σ¨·!%+ -΅·=Θ2 =·*µΑ5Γ-* /%( ᾿5¨-%5µ¨΄2
-!* ·¨µ¨1=-῾% /%( !* ·¨µ(/2 =5µ*·=῾%. Ε( !=Θ·¨·¨΄(/Α+ %΅!Α+ =;=·῾;=(+ %·%µΑ·=!%( ·% =-
·(-Θ:-¨΅· -*µ%·!(/. !* ῟(%∆.·=(%, !* ·¨΄¨῟¨-῾%, !*· %/5῾Λ=(% /%( !*· %᾿¨῟¨!(/6!*!% !¨΅
·¨µ(/¨: -΅-!2µ%!¨+, -΅µΛ.··¨·!%+ -!* Μ=·!῾Γ-* !*+ ᾿¨(6!*!%+ /%( !*+ ᾿5¨-Λ%-(µ6!*!%+
!*+ ῟(/%(¨-:·*+ ᾿5¨+ 6∆=·¨+ !*+ /¨(·Γ·῾%+ -΅·¨·(/..
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