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Abstract

Abstract

With the continuous development of large language models in natural language
understanding and generation, how to improve their ability to model semantics pre-
cisely in complex logical scenarios has become an important research problem. Natu-
ral Language to First Order Logic translation (Natural Language to First Order Logic,
NL2FOL) aims to accurately map semantic content in natural language into formal logi-
cal expressions, thereby providing a verifiable representational basis for subsequent au-
tomatic reasoning, knowledge verification, and result interpretation. However, existing
methods still face several prominent challenges in complex logical scenarios, including
semantic drift under explicit complex logical structures, difficulties in recovering sen-
tence level implicit logical relations, and insufficient modeling of logical dependencies

across sentences in discourse level contexts.

To address these issues, this thesis systematically investigates NL2FOL methods
based on large language models, and develops corresponding approaches from three
perspectives, namely explicit complex logical structures, sentence level implicit logical

relations, and discourse level implicit logical relations.

To address the challenges in explicit complex logical structure texts, including deep
hierarchical logical relations, strong semantic constraints, and unstable reasoning paths,
this paper proposes an inference stage enhancement method, namely Logic Structure
and Entropy Guided Inference Controlling (LSEG). The proposed method constructs
logic preserving perturbation samples to estimate the logical stability regions within
the model, and further extracts hierarchical logic correction directions. By leveraging
layer wise entropy variations to identify unstable states during the reasoning process,
the method applies adaptive interventions to the corresponding hidden states, thereby
mitigating semantic drift in complex logic translation.Experimental results demonstrate
that, without updating model parameters, the proposed method improves both semantic

consistency and output stability in complex logic translation tasks.

For the problem that sentence level implicit logical relations are difficult to model
explicitly, this thesis proposes a multi stage translation method based on pseudocode
intermediate representations. The method first converts natural language sentences into
more structured pseudocode representations, which are used to make explicit the condi-
tions, constraints, and dependency relations contained in the original sentences. Then,
an intermediate result verification and correction mechanism is introduced to ensure
the structural completeness, semantic consistency, and logical mappability of the inter-
mediate representations. Finally, the corrected pseudocode representations are mapped

into first order logic expressions. Experimental results demonstrate that this method

I
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effectively reduces the representational gap between natural language and formal logic,

and enhances the model’s ability to recover sentence level implicit logical relations.

For discourse level texts where logical relations are distributed across sentences
and strongly depend on context, this thesis further studies a context aware NL2FOL
method for discourse level translation. By constructing discourse level implicit logic
translation data and designing a corresponding supervised fine tuning framework, this
thesis examines the influence of different contextual input settings on cross sentence
logical recovery. Experimental results show that incorporating richer discourse context
effectively improves the model’s overall ability to model discourse level implicit logical

relations.

In summary, this thesis focuses on several key difficulties in NL2FOL and pro-
poses corresponding methods from three directions, namely inference stage control, in-
termediate representation explicitization, and discourse context modeling. The results
indicate that improving NL2FOL cannot rely solely on one step direct generation, but
instead requires the combination of logical structure preservation, implicit relation ex-
plicitization, and holistic context modeling, so as to improve the accuracy, robustness,
and verifiability of logical translation more effectively. The study in this thesis may
provide useful support for future research on building more reliable and interpretable

neuro symbolic reasoning systems.

Key Words: Natural Language to First Order Logic Translation; Large Language Mod-
els; Logical Structure Modeling; Implicit Logical Relations; Intermediate Representa-

tion; Neuro Symbolic Reasoning
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PEAER, PARIEF A (Large Language Models, LLM) SR AN TR REH
A (Artificial Intelligence, Al) A Wi, #5 T H R 5 A0 (Natural Language
Processing, NLP) 4iakfdi4 % 21!, DA DeepSeek %417, Qwen %4113 Fi
GPT 251 g RE i, e BRI E TP, ESCARAn.
RPN AT 55 A0 B 25 0 ThI R P B v g

ENIA PN G ORE, RGBT R L2 PR R 2
AT S I EE R A 2 U A AR R R AR . R
FEAFIZ A ST AR I o 5 AR SC U IR v B P 5 ) P
HRAEBEESR, T HRESASHA @M RIEYE, A AR S QRS
BB Rk, 7EAHEZ R RS, R — g2 48 (First Order
Logic, FOL), 3%t 5 &4 F A E & i P A e, b T aart.

FURIH FOL $2 A KB S RIBU M HERE ), — D XA RIHE 25 B 205 5 R
%k FOL k=X, B B 4REF 2 —Fril a2 #i% (Natural Language to First-
Order Logic, NL2FOL ) . #RT1fj, iX—id FEXFHERG Bk &, Wb 2 SR i3
B ZE , 0 R] AR RS B IR SRR, FFiE— 20 0 5 S S
U G, e NL2FOL B, BRI A5 S8 4 o i S
HEFRBE I B WA g ) LRl ). & 1-107 7%, NL2FOL AL55 BFERF H AR TE S
ER LSRR 0 B 1) — B 1 TRl 2 ik =X

BRIESHAN —HrigiaZiEia

| All humans are mortal. i Vx(Human(x)—Mortal(x))

1-1 NL2FOL {557 535K
Figure 1-1 Illustration of the NL2FOL Task
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BEAh, X — R R R A TR U G . 2 RO H Y
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Figure 1-2 Organizational Structure of the Thesis
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dallas to washington the latest on friday
NP (N\N)/NP NP NP/N (N\N)/NP NP
dallas Ay AfAz.f(z)  washington Af. arg max(f, My Af Az f(z) friday
Ato(z,y) Ay.depart_time(y)) Nday(z,y)
>
N\N N N\N N\N
A Az.f(z) A from(z,dallas) Af.Az.f(z) A to(z, washington) M Az f(z) A day(z, friday)
B b
N\N N "
Az f(z) A from(z, dallas) A to(z, washington) Az.day(z, friday)

<B

NP\N
Af.arg max(Az.f(z) A from(z,dallas) A to(z,washington), \y.depart_time(y))

Vv

NP
arg max(Az.day(z, friday) A from(z, dallas) A to(z, washington), Ay.depart_time(y))

Pl 2-1 CCG Jjidimigld™
Figure 2-1 CCG Method

TR AL PRAE T . HIS8X—T7 ), Zettlemoyer 5 Collins 545 X gt— 5635
TWAITEIB IS 24 IR P sl T g HE SUmMT e & .

%7 CCG #£k 4h, Wong 5 Mooney P01 {5 U S 1L 28 A% AR, 4241
TRTESE R I x 30 (Synchronous Context-Free Grammar, SCFG) )52,
W ARG 5 5 B IR R [ A A i 454 Liang 28 A B2 IgE— 44 T
WAFHETE LT, A B R AAMAF S5 1 58 s LA . I
if, Clarke 25 N\ sdfk 1l s #8528 LR R, BIOR EL MO
SERPERIE AR, T2 H AT T4 R BB A5 5 XA T 25

MR E, Gt AR TS O RN — N EEH, ETEAH
SEAHCHT N AR, T2 BefS i 4 H a2 ) B S . X SR A e T
W R P RR e B AP ARG M RE T, Rl AAE T R 2 R
BT A P BB IR AE . AT, X — M B R R BRI
PEACHE B, AHE, EATD R BRI TR TR K, B E1E
BEAWEAEFARERSESFNEEFAEN YRS S, WERARR
5] o

RGRIX — ), 9T i 55 MR v el 0 o R i e R R AR Y E 1Y)
Heksi. Biltn, Liang 28 A P2 Fl Clarke 25 A3 i TAEBRIR I 7 ik 8L, EE st
BRI IR R B I TS R ) 2 21 LR o R X R AR T ARy 2
K, BRI G AT A AR > TR, 0 A L (7] AR 48 2R 25 ) 47 5K A
I, BRI 2R et 2= > R T IR AR A R 2 — .

WAL, X R AL e B M I AE B B A . MA) il 2
il REA . KEE B B A B R 2, AR DA R R
BRI R . B F 2, Gtk EARFE AR H Sh Ak T A T4l
FM ARG, (EIFRIRA R s A AR A 8 e R e [

223 BEMEZMETIE

BEE IR A R, JEHZFH 5|74 (Sequence-to-Sequence, Seq2Seq )
BARTENLAR BESEES s, B ARE & B2 R st — 2 i A& W
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ST EE . SR B, 30y vE BRI i B s R R A T
5| HARB 35502 LT 56 2, TR TR 2 ) v SUBLHRI 45

Sutskever 25 A B $52 1 1) Seq2Seq HEZE Ky ix— 7 i H it T R AL . [l
J5, Dong 5 Lapata YiZERE| A ARES BB EIERES T, MR esE
W SRIE S AT, T AR A5 A O I 1) B kR ik . 56550y vk
MG, SRl A T 0 T AR A RSB BT i s, FHi6 ERERS 1 32
NG RIPAIE b b piat

eI EAE |, Bahdanau 25 A 35 B2 iy 2 WL BE— 2B B T TR AL B K
YRS b I 5 BRI RE ST« SERE ST WL R B AR s IR — 4> B RS, HRk
W ENAS K EM A P BIR RIS , AT A0 6 5 K S FR R 5 B W T H
SRIE S FBHRBIAT ST S, X R R T DA S AL 3 M2y >0 1 5 4 5 12
BRI 2 TR SRR 55 52 R

WY B R A X B AR S R ), RS T UG 2 A e 2
#AE b 5| AG5HI(5 B . Dong 5 Lapatal® 21 T Seq2Tree Jyyk, H#AE
B FE R T LA, TTAS 2 7 B A A2k token 4. M L 5H Y Seq2Seq,
Seq2Tree TE45 &8 48 F5 ik 2 AS G (102 K GEAASAE , PRAE — SRR 1ot T 4%
MRS i . 2 ), Yin 5 Neubig PO $5 M 5 2 0 45 k24 F ARV AL
TSR A SRR AL, DA AR A S5 4 60 U o

[ Attention Layer |
what microsoft jobs C C ansJV\:er(J,(corE?g
do notrequirea —®»Ad| —» nz( > [MICTOS0 ()1*}
bscs? < < ob(J),not((req_de
: g{,'bscs)))))
Input Sequence Sequence/Tree  Logical
Utterance Encoder Decoder Form

P 2-2 Seq2Tree fi%lsp: 1% 2
Figure 2-2 Seq2Tree Model

&l 2-2 T, Seq2Tree J7 i el B R I H AR B 58335 I W TR 45 K HEA T
D, AR HAMEA 5 . X RE ], IR E 4B NI A RES T
SRR A — R BRSO R, TR AN B A TR i
LIS

FUS TN, 2 KRR e R . 55—, X IE R
e HRL I v BRI, 1 R AR A SRS Jia 5 Liang®7 i
GEFM, RIEHAEAN 205 SURTHESE R, 2B R ok £ i 25 5 IR B2 o i
5 VI RS R SR R R AR, MR A A R B R kS
BFST M DA AT 0] 22 G AR A VA S (AR eV . 45 =, BLRA A0 3 2824 g
IR Z NTERB 2N, 255 RS R VCRD . 3R /R IR AL S R 138
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SFMIAL. EAR Seq2Tree MIHRL R Iy IAAE—ERRZ E M 7 iX— M/, (HiZH
RHEEE R AT SEEATI A ME AR 2 58 70 PRI o

BEWRE, WS EENGE], IRz m 2, S5 eI B
INTR A PRI MR R G B R M 5 T U T it g . A5 25 O TR SR AL
RPN R AT ARRETE , GeiTof ) TR T R Ikl A Re 77, B A0 e o 45
JTEME B3R T 1 b B i ) AN EERLRE Ay o AR, XS IR IR AR e &
PR DR IUSAR 5« B B i gk LA S B A VAN JE < (D, 11 @A s 2
KIRMERIHESD N, WFFEA 2 e ) B S R e By SR 5 — e 7 vk 28
H

23 ETFXESRENEFEAE

Wi DA GPT 241 5 g R i K MU ZRiE S BB B, AAES
AL BRI AT ST A A T I AR . 5 L) S RO 55 e 4 A ST A ik
ERIRIRB IR T IRAR KU S AU A oA SO b T i 2k
REOS ) BN R TR E AR IR A —E R ERHERERE Ty, R
BRI S TR Sy JUHJRTE B R 30 >] (In-Context Learning, ICL) RE ¢
ROEMBEMBLEZ G, SRR SRR INE], BB DA T B S 50 1%
N, UG U AR DR B RS M55 . X — RN HARTE S B — i iR
AR TR BOR AR, B NL2FOL A58 A OB L G 8 SO AT HE 2N
HH R RN S5 T A 2 A P A

MIHERS A, BT IRESEAR NL2FOL fF 58 K ST PAZ W 2% 3 5
B ARSI E R E N R, P TAR BT | R i
P, HALHAET B MR o Rl A AR A . 268 — A 2 i o e
BWOE . SRR T, R R SR LT M, (RS Y
REF R HFANBGHMESS . SBHORE, RIEFHEAIARERR T ARG
5 PR A ST R E Y R Sy, (H AR A BN

23.1 E#EENF

RERTE TR SRAR R A BN, 2 NL2FOL 375 N fe FL% A — 3K
Ik e AERX—ur, W E RN PR Er T S S, I i PR
T AR AT . i E 2, B SRR AL, WP R A
g AR R BT SORBIAN R R EBE Lok 5 | H s N H ARTE = 32
R . BT RSN, X I EAESE e B A B B i A
P, WHBNEAG IS SR BARAS ol DA B R B R RE I HE LR

] B TE U@ BHEAS (Zero-Shot) B, 7 R FRAESL R P2 RA 0 AE
G52 BIANESRA LR 2 S SR T R — Bl i 24 ek o, AU n] DA
HaEG M . XA R LT- B BOME S BA, IAERHE 55 R BiALaE
MR A S P S A s v 2 I o RTT, BARA IR BAREEE, HEREEE A

11



BT R F B A AR S BTSRRI T AT 7

ke . Kojima 2 A0 $git BRI SO E S 4 s )y, Bpaifk
T L AR S TEAEATME ARG E WA U At I BE J) . X T NL2FOL X 3K mphi JEAT:
M, RFAREESPE— MO, RN EEFEX LT ARl h AL
A REREIRHE A TE 3L

AT SRS B AR RANA T, BFSERE TR R DA AR (Few-Shot ) #11% . Brown
% \PS HE GPT-3 th RS RR T /AREAE S (i )y, BB e bR SCh i+
N s B, ARRBIRE 2 O HEWT Y BT AT 55 AR, #E NL2FOL 337 T
XERBIAMCE IR “ZMt27, dREHE TR AR g 5 &
FEHIERIAR EIA . FRBEERIZR I, IR P L 4148
ik I, JEBIRERE 5 A AL & B W iR 2

FISe DR ER, B KEFFFHE THR T X E A %, Liv 5 A0
TER TR SRR TR I, wBIR B . ZREENIE 55 PERCRE B 2 S M 45
B, Lu S N E—25 R B, 7 17 R A b 2 S e B e
ERFEL W, AIEAL S5 A T IR AL, BRAiiRH GRS Ty 2t n] e Ah SR I
2o XU, BIRAER /R 5R AR AR B R U AT 2, 2 ER R
FREE 132 1 Sckmit gk sl . Rubin 25 AT DR AR MK 2% A JEE e 136 0 436
W ERSORBL, LA SR R BERLYE . 3T NL2FOL i, iX— [t
K, U BI I a2 . 2R A KA RIZGR RN = 5, #R Al AE
SRR 2 w4 i 7 2K

M AT A B S A IR IR R O AR I, B e A s B AEAE TS
IR R ARET N THERGONEEFRAXZ N, BRHEENZ ARG
AR, BIHARAISRA S E Y. #E KRBT AR ALIEE . FIW 2 B A L
B PRI S R AR WX SR e e N, BRI
DRI I R A B RN . IERAEX AR, Wei S8 A R i I e
(Chain-of-Thought, CoT) $2/nT7 AT IR 12 Kt BT LEAER, 1R
BIPAEE tHR A 5, 304 P A AR, (A e i R A
5. 78 NL2FOL 3w, X AMEA nT DAG | AR ARG HEA Tl b, P58 AT
SHG, ANIMAE—E R LR B AR B R N

oS5, P8 COT [BFFEilE— 2. Kojima % N0 BB, BIG£E 1A 3
WHIRTEOL T, PGEE SRS H A “Let’ s think step by step” Z JEHJifH],
] B SR A B e R h AL AT A . Wang 25 T R H T E AR (Self-
Consistency) 75y, Jld R[] —FIRBURFEL A FIHERLERAR , A R A5 R b AT
R, i i — AR AT DR . X T BRSNS, XA IR
WEARTET AERBA T AMAS [ A B A ] — A1) 1, IR AR A ik X
AT SO AINT, T RE HO AR B 2R U R . Zhou 25 A0V 1y B 240K
(Least-to-Most Prompting) WJHE— 47 t SEAR DB ] BLRY 1 F0RE,  FA A1 1)
GERAL PR AL A AR ), X — R 5 52 2R H AR S BRI e
JEHE" R EA R — 2.

12



852 R TAEFIRFR PR

) TAEIT MRS e M R AR A IR . Yao 25 A7) RLH i L 446
#f (Tree-of-Thoughts, ToT) FeVFEERIAEMERS R (R B 2 M) 52, IS5 G-
Rl H AL D JS S RETT 7 ) o AR ELTRTER A2t CoT, ToT iy REAR BE 40T
SR AEURIETH RIRAER . RS Il A . BRI ST VA R T — A
S35, (HHX NL2FOL RIFERA B AT L. HyZEMIEASGH AR 1
CANZERIAT L ME-ET B0 AR, JCHOE M AT I B A L R AR A
P3G SR, SRV AR ER A0 20 SCRRIEA T PR, e B S A5 s ]
FEMEAALER .

AN, BRI EAE BT A B W BRI e S . 0, XERTTIAR)
R MO A . TR BN AT AR T3, RIS S5 ER T X
AR, AT AE S S B Bk ah . Fk, IR A s s
RER D B HL AR W, B AR RS e 2 M ) 22 IR — 2 PR ™ g —
U, R, HIERRLA T B WSS AT R R R Bk A
AR AR AR . PR, SR T IAAR I AT IR OB B A R a5
YA PG ZER . KPR BT R R AL, SRR RS
P T PSR L o2 A M S AR B R v I (R B AR AN A S5 . A
I, PR TAR B AR S AR T NL2FOL (i AT T, (FOME DAMARAS b AR1IF 12 45
AT R RS E PR TSR IR o

232 RUAKESER

SRR R TR VR, 59— 4 S0 EL A W 0 B 8 R ) i o
AT . HAZ D EAUE RN B REF S RB B, #E—20REE
YRR S8, [ S b3 Y NL2FOL AT % 18 AAM T B AR DL I 8
BEEHEOR . X EEEX R e EL ST S, SUHWNE | IETEAERES
WO KRB G Wz LR T, M2l A8 E € 11 80 BB O AR e A 55
s o

MEIAR &, R LA RSB RM SE R S0 2 . S50 rg
WIS ERAES , AR AE R M2 R, LoRAM 25 24 n 5l (PEFT)
JrE I RN B NS, FER R TR I FE T S BRI ) 4F 45 T L
PR M E TR B AR R AR 55 T8 2 R . X NL2FOL 145, X H
EOLHEG ML, WAZEREEE AR LIRS, R m SRR
B4 T IRE R EE R %

FE3%X 771 b, Yang 28 APV H ) LogicLLaMA J& B ek TAE. %
W78 A LLaMA2PYT Sy Bepfigit 3 i #4170 1) NL2FOL i 5 o )1 25 8%
Y, HEEASHm ORI SN 2R SR, (A7 REA% TR LK 1 SR T+
IR Z R IA . 5 BRAO DA R A L, LogicLLaMA (1)
EHHET Hly WA G — . GRS, MR A A TS R I fh
Fir Tt .
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LogicLLaMA {56 8 itk 2 — 76T MALLS $s et . %8stk
fiea N T e, T2 B S s AR 2R A ) Sh A AR A R A i R R IE
55 FOL FeAI 40, FRgh & mbriir. A TR [ Bt e 2 45 B A 1 vk 5 7
WPl XA B 24 i NL2FOL fSiEmrst sy — BB A T mkE
BHAR AR G, WF A T S I o B A 70 B A e 1 R . AT TR B
SRR AR OB . SRR IINGEY BRAR. XHET RIS, BEEA S E
ZARFEIURME AR, T B S AR 2R R 1) B AL

TEIZRms |, LogicLLaMA AN {UHEAT 1 BERHI WB MR, B R T 4R
HIRLIE YRS R A S o I, L ASEZR 2 ST A 46 T AU 2R A il 0 2
WhEFIk, BB L AT P S A R R T, X R A
R, BRABEERAUS YRR, BRESE—ERRRE S KW A
AR . WAESARER, XA 2 Ho Bl H By 5 1230 18 S B 5
T3k, A NL2FOL A H BEERES, MRT R 45 R 10E X 5% AR
JERERT I

(T3) Supervised fine-tuning (SFT) (T4) RLHF for Chain-of-Thought Correction
| s s |

Groundtruth
Text FOL

Synthetic
Perturbation

Perturbed
Text FOL

GPT3.5
Pred. FOL

LogicLLaMA

LogicLLaMA

Corrected FOL
with steps

Corrected FOL
with steps

I LE Solver I Reward I Value Loss

Critic Value

NL: Nothing that breathes is paper.
FOL: ¥x (Breathe (x)=> - Paper (x))

Perturbed FOL: Vx (- Breathe (x) V Paper (x))

Reverse steps:
1. Change the V into >

2. Add negation to the Paper
3. Remove negation from the Breathe

¥ 2-3 LogicLLaMA g% (3!
Figure 2-3 LogicLLaMA Model

N 2-3 frs, LogicLLaMA F-A 2 ] B s HE I A S AR B3 Y T2 4
B, MRfERdEm g, BALE AR I T T &1 1wt SLings ik
W, ST 555 e o i s /N AR Y, fE SR8 NL2FOL FL4fE | fEhS e 2548
TR B IAEI DA SRR 5 50, HRAET A  5 F 42 0 T o P P A 3
BT, X —gE R, XTI RS AT S, L TR EERALE
AR A HEANMH .

I T LogicLLaMA Z &b, 4Rt i Bl 17— 28 55 B Zedl X R R .
B4, Liul®! 42 4 ) CODE4LOGIC SR AREA A il 3, (H A0 SR AR
[FEFEUEEH ,, NL2FOL I AR —E @l Gl “HEMN AREFRZHE AR et
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AUV EREAE ARV IR AR 3| ARSI, DA
I BB S A SRR . S0, Ryw % AT 9 LAt — 28,
M TE GRS , (MU AR RS, M0, BRI AL
FHEREM T . B8 TR B 52 % T (64608 X R IR RGN, 115
LogicLLaMA —Ff, #{A3L TStk B 75 RO NL2FOL
FRGSRE R, R BB S O T

AL, PR ER EARIE A RERS L ERE BT SBHR T, BTER A L
O A BT ORI B, KU BBRS . HLA
K E AR SR AA R IOAHE, TTSBARARIUATS K .
U, HUBEELI LTI, LIRS D3 R A7) oken UM, 1T
RRWET RGO RS. P, 240 ARSI AR U125
i ALATTY SR AT BRI, AR 5 H AL A A R
O, BAh, ORRR B R R R, (AR R A 2 A
BOSTREN, BFTTH AR R PR R 5 TR T3
BV RO TAEBRIME, AR ELIE MR T 45 R TS0 PRI T £
PR

G LA, BT CHE T IR Ty TG R A P A T R 53 B
SR T RHETT . R AR T (555 6T VA, MRy WO 7
S TRV L, AT, R Y A R HE M 52 BB L
B, AERZE A SR . S EPZ AR R R T L) B
. WIERAER— R, BICET-GE % TR TR AR &, (0N
5 SN PRAERL . R SRR LA RBLISS ok, TR
LIEHRE T B A

24 BETHE-FFSEERANEETE

TR R TE SRR N SR EL R T NL2FOL A E 2 SRR 4 VE A R 2 1)
A, WFTCIE DB W A 2T SR A 2R . 5 AR ETR OE S R A I 45
AN SE A AR AR LAY, X — A SRR R T S s [ A 2 TP
FEAAE , s MU R SR B AR08 B 15 SUBCAENIT 7 i
JTHERILTE, RIS IALRTS RGAEMMIAT . LB AE RS A HE P 1 e
A AR AT 55 AR P S A R ) R R

MEERR B, AL ITEIA RN RE S B 1 25 R — A 5 Ak
HPULBR, R ARG R R S5 R . HARTE S PRI . OO
I, S AR IR R 2 I AR B TR AR RGA TR AR
P A EEAIER IR A, WSS & AT SR ST . X RP IR R B R T T
NL2FOL f R . ] fgRe A TS0 uE AR A Rl A8, (O SR
A BRI A JAT 55 1) 22 BLER P [T 55
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241 WEZRAATRIESHERE

ME-FF5ITERZ L BAR, ATDAMBCGR G A R PR . A S A — D7 i ml
DAIE I T3 RE 0 X BEH A A A (e B 55—y TR S ARl
PRGBS AR B XA, RGBT
AEAN LB L T A543 Y

S —ER e AKTE SRR AR i . B DG A B e v
) “RGE 17, STALIE A RTE S A TR A . EERM BT SCP RS
M, BRI, KRR FOPNIRE LR, HARIEAT IS S Al i 45t ik
PN FE NL2FOL AL45H, iX—il iy 25T, @0 Jtn B RE 1) T
e RN, B A It A R i e R . T RIE SR
TR ARGV BE Sy, e ARH & G R GE AT SCHAR i i o

AR R VAER B TR . KIS . Bribd A mH e R A7 SR
SRR RS 27, ST A W R G R TR A AR
1o MBTRIEF B MR AR, Ao BB 8T HAT
LR, SR AT, HRE X i RA A T E PR IR . X T
NL2FOL Kt , Ao B ] ARG AL 2 Rk s TR PR AR 77 IR 6, ik ]
PARE— 2 73 T H@ A i R 2 — VR, BRE A SOf Im S B A

Sarker % \ PO M 245 N TR BRLRA R, X0 T AR AT DA
R FEE A MBS T RG4S ARILE . SRS S, X
WG RGEA D EOR KB TR AL 58 AT IR, 12 AV L T
K TR SCREAR RS54 A G 3, P A5 T HoR I R B U AT AL S ATAE 55
DR B TP i B AR R al FE 1, N 58l DOk IR R R SiAT
PR T M AR

MITIRR AR , A1 55 AR AN (B A AR B R 1 MK At 75X AE2E
REEFERT R, B, FITA A S g R a0 2 — R A i, RGN RSk
ZHIR PR MM E-AF SRS, X EEIhREn] AR R A Rl
SEee BN, OB SR TR R AR, IRIEAR TR I A5 R, SRAR SR
ST ALTE S Htk, EHP PRI ST 2 ot v e A PR . X i
BRAC BT, ARG R 8 1 450 b 2] g 2B AR 2 B L 5 A A A P A ] T
P
242 ERESWIEMERTEIERX

7 NL2FOL AT.55 H, M-S i WA S B 202 “ise-Jik” ik
Ao IR KBS HRSE N B 8T8 S B e 2 28 X924
i, HHANEAT S TR SR T G ARG S B . HAL O ATETEAT
SRGENKIE SR NI, M T SN UE AL R E S
AR R T A E -

XA, H—HrBol i 2 iEi . Raum ARG AESR
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¥, PR RE SR A B e R AP B B E TR X
WRIpE, R AL B ARTE S PSR, KR B, EEEAIZEZRS T]
REsEREM AR R, T IEH R AL B A ROGRINTE = B AR ANRE ), B
X B BOl RS R 4 B 3N ER LA BRI 4R o

T BrBONZ R B, S EIERT B R, Bk Bk s a AR
— B, DA SRS TR A AR . — AN D A B R R AR LT DA
MUz, BIoRIERRGE, IR LR A e B SGE, BliG 524
VCHC. TR SR A Gk RRERES R, HUOERMGE, A
FR U SEER AR BT AR BN, — D FR “I0K RRIETR B AR
FUCT =ASH O 5T SR SCRR R — Sk, Bk A e 2 iR 3%
B S HAFE, HUE XARBE FHLINAAE I ap 5. X B IR0 &
4, bnlRENE— 45 E SAT, SMT sl gl TR, X2 At 7 nl i 2
P TR SCAR G2

MR EF , XIT7R-5 THIEETE F B2 (Tool-Augmented Language Mod-
els, TALMs ) AYBFSE 7 [l bl — 300 20 o HL S B R e S B 2 2 3
AU ST LA, e T AV E BRI AN T E, ARG Haliih =
JUCHE TSR R R S R AN B A 45 R . AE NL2FOL st rp, X b T EL R JTHA
{H, POAZERANX — B BRI, R SRR RS, oM LA
T BERE X 28 % B (o B4R b TR TR XA

1 2 3 LM Dataset
MDataset  —= goleAPICalls  ExecuteAPICalls  Filter API Calls T with APl Calls
x,, = Pittsburghis c;' = What other name is r;* = Steel City L(c;' — Steel City) X" = Pittsburgh is
also known as Pittsburgh known by? <min(L(c;'! — &), L{e)) also known as
‘ [QA(What ..2
X, =the Steel City 2= which country is r? = United States L(c2— United States) — Steel City)]
Pittsburgh in? min(L(c? — ¢), L(€)) the Steel City.

Pl 2-4 TALMs Jj ik e
Figure 2-4 TALMs Method

WniEl 2-4 o, THIESR A7 AR O A TR0 5 B 5 AN L R R
K, PERCAAE R BN AN B S8 A TRAE 55, MR RF AR 0 2 SR A i B S i i R
ARRE. X NL2FOL i, X — R B RE KA S B ] A ST 32 th a2 4R 0 1%
foide, MIFRIAMGA S . SRARAR B IEARER 0 5T 1 Wk 22 e 2 15 i AL T XA e
R, BERGEAFSE PR R A NG R, 2 R 7R AN R I A T o
PEHI AT RE o

TEA DI, AR C EAE B AR 5 K05 F B 55 15 2A
[ BE AR B . Olausson %5 A4 (1) LINCUVREE SRR 5 — BB FRIE A 2R 45 A7
ok, AR T RS R RSAE AT 55 AR E M . Xu S8 Af2 Y Symbol-
LLM PO ) 58 ] MBS RIS ZR B 11 J2 T ISR 5 B A5 56 R I R g o 3
e TARRIME S BB AT M, (HEREH RS S5 F 2R A
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HGEHZERN, (UBOE SRR Il A, AN S 4L T AER G
RAERBEVER

243 BRZERASHRME

TEFLAHA “BRE-I0E" k& b, SFRE 0 T R AR A B
X, MRTFRG R 2B s PG N AR )T o S BN — e il S
J¥ (generate and rerank ) . 5 H AR FABIRAE lip 55— Mgk @ R IEA, RS
A PABESRAR I A i 2 MRS, T e BRI B YA ke . 2R3 30
AR L SO0 L LSRRI T EHE Y, APk e AR A AR
BT, EAFIE— RIS, IR R E— ik
BEFERSRE, IMAE— @ FE R 2R SR A U 1 R 1 XU

H—REEFERERKEIE . SRR “—REE, —REIE” AR, X
KRG AVFIIEAYCRE R G B R W4 RIE SR8, P AU HE ) i B A=
BCEE R BN, 4IRUERE K BLEANE TR TCHOR UTRL . AR S0 AN se B B AR 251
S OR, REIFAEBEL L, MEHX SR A iR, BORE
B IE. XMl RS M LPER KL, A —A “A R
— REEIE” AR . Yao 25 AHE H 1 ReAct HEZE DT BRI AE L [ T4F%)
NL2FOL, {HH: “ME 51780 Bl BN R E R A EE R AR L.

BRibZAh, I —2 R IR R AR A A T e N, RIS AR
TRNTE R B, B BB RIGIE, B)adl G e ie st it . XA e s
JEHSE AR A B R 2 EPHEIEE X R . IR,
W FE B RIS , B i B i A A AR ) 7E R R S50 & AR 22, T
XA A BB RO ¢ R T R ATRR, v DARRAREE— MRS, JF R
G2 o e LR R U T8 BRSO YRR L T A4S
H o — e T, RIS B R A AN — i R A S R, T ] DA A B
2t B ) ) T AR A

AL, R R IR B ERR T RG] IR E RIS R s HEE T, AR
TG — S XE DA TR AZ O, BIEEAS RGE R P e FRAEAR KRR B2 AT A2 T
TP By AR . Biibgs . SKABSS AT 5 LR BIRBE A R I — 12 4
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Figure 3-1 A Typical Example of Semantic Drift in Explicit Logical Structure Translation
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Figure 3-2 Overall Framework of the LSEG Method
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B P S I . SR — RS B0 F AR SEBRATYE A — SR BEAORIE, (]
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e FRRIREAS . AR IR DA B R AR (7 LA 2 22 JRBE T R — 5
PR B A AR B2 KO A AR SR BSR 030 . ile, AR st — 252 )
WA RRMEACAL R, 755

g
o _ AH;" = ppg
z, = —————

OAH

(3-9)

H ) upg Moy AR NEZERIIEAREZE . W 3-9) P, tRfEfk
Sty 2 Rt T L S 4 A SR R 4 A FTAL RO A . 24 LKA
I, TR 24 1 R AR P R B AT L, FT DA A
MAREE.

FET X, AR A S B 0 A o AL 2 2 S 24 B A T o
AR RES, 1l

L={112"]>7} (3-10)

Horp, o Pt E. s (-10) Frs, 6 L, FRTe 4w E b PR
B ORI AT REE I B L 2 . SX ARG — T I 2R R, XA
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IR ARG RENS A N RRRAS Hh B 53 T A il A A 1, AT AR AR AN b B2
TR AR o

TEEAGEIRZ G, T B E B2 Y 4 AL K2 8005 . LSEG
AR TP ATEE 2R T A R, I ik P05 B 5 3% 2 i AN AR S A B L
Bl HESCh

!
AH"|

(3-11)

A = Opax — |AH,(j)|
L e TR AR TR . A1 G-11) R, BB AL 2
TR I TR 2, T H BB MR R IS 1E . bt
WG HY, FETH I AREER B TH 10 J005E, Bk
ASENAE LTS MR o R, DT G L6 — 88 T o P I
SR, TEHE L IRRIETE ¢ 1, LSEG KBS By B e 7 o)
AU, BETHUR R R

Y =" 4 a® (3-12)

sk (3-12) fir, b FR G B IS IE R EIRGS . HEAS LR,
TEAR B BAT 7R SEARSE R BRI 1, 024 R R W BB Ry (A 38
1A%, DS BZAE % 2 T RE L BN TE USRS . BB, KR A TR 2
A FR I TE AR, TR —KIB BER P R ME 1F , R AE IS A R (e
PP IR, 5 R TR0 ot A 2 R S 57 i

B3k 1 LSEG: EF2H45 55| S NL2FOL il il 3432
1A IEERIL £, RORBHRE (x)Y,

2 XA x, AR BB AR EREA (]},

L TR IR R R R A

. FERE— 2T PCA, 85T HOy [ i (00)E,

5: for 454N T2 1 do

6: P14 )2 token i H”

7 IERRER R 2
N
9

S W

L, {1127 > 7}
: for 51~ 1 € L, do
10: T A E N AR o

oy r=3Y ! !
1: RS A < by + a,0®
12: end for
13: end for

N TR R LSEG FEHERL P BO SRR ATl AR, AN FRF B IR
FEONERE 1o AR S AT R RS . — R BRI B 7 2B AR Ty
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AL, TRAE A BT SR B G R T B B TR A 2 2
I, o AR YRR A E 58 b 2 G L B IR S S S s T I B 5
THEREE. —EILEVEN, CEAFERE R B2 g e W R WOy e, R
B RS TE L

MITIEBOT BB, XA EEE . 5, EAER TN e i
SMEFH, MR RIS ARSI TSR . Xk, REAUFETA
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U 6 [y 3 o TS T 10 B < v 21 i e i 32T R K S s i
IR TR S E XA R . X R B AR AT R I, XA E B
PERIJUNE S, R B R RS P B D RO E R G %), 2R
REAZAEIX L B N B IE A W] REAE A P R e R 5 A R P ) i
T, Rm AR — k.

BVAITE , BETRE SR B SR ILH], 2 LSEG M EZ 5 1n g &
[P S B b A G B e . AN DO B AR AS I 7 e (i 1 BAR B IR L5
T, AR I IR ERESTT AT BT A sh BRI HE SR R
ERNA TiX L, LSEG A BEMSAEA B MBS B AR T, X 2
BRAEF R T A N RN IR UEA T A R PR -

325 FHiESHEITR

MR 1%, LSEG MAREREOR BT . —J7iH, il @R
P R ARG 275 X, it 2R E o502
FIETT ), AT A RIS S M nl 2 AR AL B o X 1 A2 2B B 25
BT, W SRR AR OO IR 2 B B, T e i ) Al A 2
BIFJZ N R AR AIA D S A B, B A 2 L. LSEG
VR ANTE T30 5 I R LR, TR P ) s 2 [ 5 2 i s B 24 )
WA AR, A R IRITE R EURES” X

3—J7 1, LSEG HATEFTA JZMPrA R ZIGE— g 1, mi A wE =
WO N RRA AT IR, AR BN 237 T30, AR AR I 518 R
W e IS ol TS RN [ 2R A DI REH A, 2 H 2 1
AR ARG B, o e 2 I SE A i) T A2 2018 SCH G R R A, IR E X
TR GBI A IR RS CHSUE R M2 T, BTR5 SRSt
BERSHRTHT TR AT X1, IS DA A R AT

MITIEEN KT, LSEG 5 th o Ak BE 5 18 A0 M B ROR 5 ¥R 9 A7 AE B s X
o it Je AL P FE AR P R AR AU W S A RN | B0 e % S SR A T
I, HALHAET n B R4S, (EXE A B R AR A il 25
Fo MWEFRNTHHEREBECEZL BN, JEABAEE R BB T Rk e b,
LSEG N BRI R FR)Z , AR 51 AR E B 2 A5 2 i e
G AR, R T A 2 2 R A DR A S B AR LR . 5 B RAT B, LSEG
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Y 22N RAE SRS ), AR ) A RLRES 25 ) o B e KRR
PRSI SS RE ST, Ja & WAEA B SR Aise &, RRARHEM S AR
R PR A T AL, R A AR A AR AU R

MRS TR B R, LSEG WHA—EM . Hoe a4 i B
AR L BRI T 2E AL Z AR, PR T
ARARE L, 07 AR BUT AR AR A, s TR R E R
A, SRR ECH TR T IR R . 2 R Tk ST ) HA AR I 4 %o
W&, LSEG MU T A g st o ssimfzZ g e it 17
AR RS . RIS, O IR AROBORISS BN B A, th T/ Epr I 2
BRAUSH, N RENS AR BUA I A TR EE A . 7 1) F -5 1 PR 2 8] 1Y
O, WETHAE R S EE SR LA —E IR E.

9%, LSEG RTEAET T AR AN SIE SRR . B, HARMEROR T2
BPRFFILEh I TR R A ARAERE S SR T T I TRTIECL, B T
A ZHERR, T2 d BTS2 r B e o0 -5 TR T 5l B8 J 25 1
SHAR. HIK, W5 BAE N E MR QB EAR , (HIF A BE B A5 F] T2
BRIEAATE, BRbil SRS R AR AL P BE S B e Bl , 1 AR L e Bl R b — RE X
FSLR IR . L, BEE ARSI IR, i ARE I 2 %))
. BEAh, LSEG Fr iy o JZ ARy A o bod — gt 3 B3 =0,
HEGAIEBEHARZ RGN A, 3T 810 SN SR IR A5
HAE AT REATDS A IR

JREAFE Bk R, LSEG /320 WS 2 2 R ai i R iR it 7 —Fh AU
PEAHEBE BT B s B . BRI, AR SR E 2 B BRI 1Al
f& T, PEREATAR L SE 42k B RHRBGIGRA R , T A5 R A by R
FEPER UM o X AR E e T 7 A S 3l T, B EA B NS
R 2 A PTRESRAG A E 2. WX — /M, LSEG W SUAAE TR
T M BRI, WA Oy B A R R 0 B DR R L TR A e
i
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AZETE FOLIO A1 MALLS W/~ 4dlidE T e scss. Wi T HAES
F— Vs 1R e G PRI, (A ORI I R S I A A R] . FOLIO & —~ A
THEF A — 2Bt 8RS, & HT B AE S e 2 R
5%, HiEdRuiEARETEE. BHAAME. EEhEfhd. ZEEk
DA A Bk S AT, BRI AR 5 . AR 1430 4> example,
ot HA BRI N TR s e s Y M2 R, MALLS 2 LogicLLaMA T.
fER R Y NL2FOL Heda sl , % Bdhadk 3k GPT 4 /L pl, IF4S &AM &
FASRT A, ML 34K, XA BT 45 A LT, Nl A W SR B E AT A3k
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KTz ALRE 1B,

MAESSFE S B, FOLIO T3 S It U ARl i M2 R I 5 B ek 3R
M, FREP SR 2 AR R B REE RS, s, B8, &
BU. MBI 406 R4 1000 MALLS (ks , A Ak ii £,
UE T SE A F R B B AR R R M) R B3R T e R e M o AR (] s X A
s, FEE A IR HE 2 4540 BB e ) NI ek A T AR f
W2 %% LSEG HIRR .

EVEU RIS 0, AE R HZ S5 (Logical Equivalence, LE) 1E4 4%
f6¥5. LE XIFMA TN AKX E S AXEFARZH LG TE 2, MEm
BAEZHIE L PR B %M. YT NL2FOL AE45 2k it, X— S HEE, F W
AL R ar 44 . AT SR EE LA ER, REREMEHE
SCFHTA], SN 4 e . FESEPL L, o WA 2 0 Bl e BRAIE B 2 sl R s 1)
Wrami A= ¢ 5% A w BEEZHEN, GIURE (¢ < v) G AL
BN, MUERH — 2 B A . A TR VCEL, LE B RE MBI A H
B T IR B S L, FILARTE R A LE VE % OV bR .

332 SRR

7 3-1 451 7 LSEG 534 J7¥ALE FOLIO A1 MALLS F i) LE £52% . Feffck
&, Qwen 3 8B EL & H4a—EMZHMIEGES), £ FOLIO fil MALLS L7
LE 4353355 88.00% #11 89.70%. 742 A LSEG J5, PiliZEE BT+ £ 92.01%
M 91.34% , ULHIZ I ETEAIATSECER I RIIE T, VR B R E 1 THR AU
2 ZRBERRNFEAT S TR TE X — 2. % IEF] Qwen 3 A B il I RIE S AL, 1
JE# 11 ) NL2FOL Il Zri iy, X — 455 SR Ut IR B B i) 27 T 473 48 7T A
R R RIEAT: 55 ok W AR

&R &, LSEG fE 4 #FIUS T IE M4 4i . 72 FOLIO I+, LSEG
FHIGIERSE S T 4.01 %; #£ MALLS I, 57T 1.64 %. A& ULIHiZ LR A
MGG BAAEARE B2 3 S N RO, o U I X Al ot 1 il
FHA)TERE FIHmsE il k. H52, LSEG MEMFHA HI2 B8 sks
A, TR AR R R S5 N ERR L — e R Pk

i) LBk A, LSEG RYS5 R E 4k 38 2ilad Z X0 A Ik . 72 FOLIO |,
LSEG /1) 92.01% B4 5T GPT 4, LogicLLaMA I Code4Logic [#) CodeGeeX
A, & T Symbol LLM 13B, {YB&{IL T Coded4Logic i) GPT 3.5 Turbo 16k
A . #E MALLS |, LSEG [ 91.34% a5 TR PRTA R k. X uiH,
R LSEG F AMCHS A 40 B ] Bl S R B A 2 80, (E A e 4R By B
TR, AR A AU BATES I 458 .

X — 2 BAH S B A 7E T, LSEG BBttt A2 il i B I 2R 5 e
BT ABIIME 553K 5200, T2 18 e XA P R 7 A IR SE IR« ol
Ut XG5 R E—E T P UL, B A AR S5 A B PR BRI AN 5

33



BT R F B A AR S BTSRRI T AT 7

# 3-1 LSEG 584 JjiA{¢ FOLIO fil MALLS L2455 0 vE4s 1
Table 3-1 Logical Equivalence Results on FOLIO and MALLS

Hik FOLIOLE (%) MALLSLE (%)
Flan T5'0! 70.67 68.45
Claude 19?1 74.47 77.46
GPT 41101 85.53 84.38
LogicLLaMA ! 84.90 81.98
Symbol LLM 13B %% 91.59 89.41
Code4Logic (CodeGeeX)!?*! 84.77 85.81
Code4Logic (GPT 3.5 Turbo 16k)!?’! 92.67 90.92
Qwen3 8B!® 88.00 89.70
LSEG (J&T Qwen3 8B) 92.01 91.34

R ARBURN ST, BT RER A AR BLZE B AR I R e MW IR P
J5 1A e 2453 P TR e 1 I ARINE, BN A R T S8, AT SR A AL
St AT A RS LR R

i —25 7, AN AR S5 SRR W 24 1] NL2FOL 445 Hr ) J LA S B 450 R
P2k . DA LogicLLaMA £l Symbol LLM A fCRE A, Himii I BHiR a2 482y
HO RN 25 B0 DA CodedLogic SRR Mk, Wik B AT A4 s b
)T THRIEAE 129 . LSEG 5ix st )y vh R [m], B BBk A A i )11 45
AR, WAHERR M R R IR E SR HE B Y B PSR S A L
MFE 3-1 EEIRRFE, XA RAR, AR R4 AR

MoK, WREFEEF LSEG H N BAE A I E T ARBUS4a X s L4 R . filan,
7£ FOLIO I, Code4Logic 1) GPT 3.5 Turbo 16k AR Ak & =5 F LSEG3, 3iji
HHAEE PR By BE IG5 N B ME— A R B R J7 1], ) B 5 L Al 2R Bl o 3 1) v
[ FR BT RIFERE S Rk . A, MOERIE LA, LSEG LT HE
BRATM. EATEENNGESE, WA APL A REEIE/ER , FIE
A NI T 5% A

BRI T, FEmg5 R, LSEG AR EdR S _E#AH R TREHE
Tt H HX R TR IEEARTE IR RS E 55 TR . XU, ARFH R
VA0 S5 RENS M PR 2 T B Al S M AR B R A MR T i SRS L, O E
SL1) B A B B IR RN Al AT At T B

3.33 FEHEAILSIFLER

N T A5 LSEG @A HA P AT A 1 , AR 55 HW ] 2] LogicLLaMA
FUEHTRRIE. SR AN ) Qwen3 8B AfA], LogicLLaMA 2—1~%
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[THHi ) B 28G5 21— BB 2 S S W, HlGdReas AT
BEXF NL2FOL (L5 . I, FEiX—i & NEA LSEG, 2N 1T %:
AR A B B 2 HAARGm A 2 AR R RE i, HEBERY Be g 2on T 2 547
IRRERS R AN R o

7% 3-2 4511 T LSEG & LogicLLaMA 7B Al 13B Pi/MiltA_ERSiE4s R . o]
PAE |, LSEG fEPIMEARIHLEL E#RA ok 7A€ $ETh. X T LogicLLaMA 7B,
FOLIO ["1¥J LE M 84.12% #2731 85.24%, MALLS "M\ 81.98% #2737 83.06%;
%J7F LogicLLaMA 13B, FOLIO M 85.81% &7} 86.90% , MALLS M 82.37%
$2 713 83.48%. FIRIRTMIEEAUILE Qwen3 8B HLZk ERYFRTHIFEN R, (HX A
PRI PSRRI — Btk 38RV LSEG HAMISE — M5 FL flibi 2
AR o

¢ 3-2 LSEG {f LogicLLaMA |-f¥)5 BaRIuGiE 45 St
Table 3-2 Cross Model Validation Results of LSEG on LogicLLaMA

DaRiA FOLIOLE (%) MALLSLE (%)
LogicLLaMA 7B 3! 84.12 81.98
LogicLLaMA 7B + LSEG 85.24 83.06
LogicLLaMA 13B"! 85.81 82.37
LogicLLaMA 13B + LSEG 86.90 83.48

X2 R B DU TR A . —, LSEG MR AT Bl s B 2
RS Z AL ISR E AL RI{EYE LogicLLaMA X L 4:4{ %} NL2FOL
S AT IERC R |, LSEG AR REMSHE— 4R THE5 R, ULRH A 2] 1/ )
BB PR ISR R e A ii B 52, MBI ZRn] DAY BT = 21 S5k Y
WARMUTRE ST, (HOX I A BB R AR L P HE L A ol A 2 B A s
¥

7, XU LSEG 53U @ARMOR I A Z B HGL HANC R, AT
UK H . LogicLLaMA HY{LH F 2k B UIZRBr Be AL 557 3& /e, 1 LSEG 7R A
VA2 SRR BEr) r e e Pl o i S Al ) AR R e S I SE AT 55, Jm
) S i) 5 IS 2R A B A R AR AR E AR R T 1) o MRS R, T3
aralfE T ARER: —MERTSEEEE, 5T HERRRRES 25 .
B, M T AN, RERSIE IR B ARAIMRIEOR o

4, BFEFEE], LSEG ¥ LogicLLaMA LR TR B B/ . iXARh
Z e DABER) . 77 LogicLLaMA 4= 5 B 22 7E | 2k Befi A 1 1 i) NL2FOL
AT S5 R, HA IR 2 STl s Ll AR St e H AT 55, R m] eadt—
AAGER S TRIFIXT A BR . (ARPEEWILL, LSEG /34K REMS7E BN Eiis S AT 52
MR Ei ok —Ep b a3 an , XA HE— 2 SR TARER RN, RIS MR 20
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SEFENE PR DO A PR ERBLURRA 2, SR AR IR R 2 A
Ko

BEUORE, IBERIEA R R, LSEG AR IR L PR T iR
EARESAEE TR SR B A, WRES N E 24 BT AT B L
BRI AN AT . XU, AT A ITVA T A R R — BRI b (B IR 55
TG, iR IR 26 AR — i LR HERE B B s L] o
334 HBLEER

N T b2 5r M LSEG & 4LER o 9 SE PR E T, A S~ R80T 2 1H
FOSCH: S, W51 BN R RN E H T, AFJEXE T HOR
AR RS . A BN TR s PGSR A R A E R, a3
T o M2 BB AL B3E A A AR AR LR 2

2 3-3 B 51T FLGE W I BEDLHI AR ES R
Table 3-3 Ablation Results of the Entropy Guided Adaptive Scheduling Mechanism

GIAEN FOLIOLE (%) MALLSLE (%)
Jog 5 (EEsRE) 90.42 90.11
i 52 8 LSEG 91.02 90.83
52¥% LSEG 92.01 91.34

HoE, TERTISALHIREm LI Y, AR T =ME: BRI
T, AR R EE T R R YA, (ER BRI =2 e B
519 LSEG. #5413 3-3 fiyn. IDAEE], FEERMT TG, H4U7E FOLIO il
MALLS _[f#) LE 4 %I S FE 3] 90.42% F1 90.11%; SR [ VHEEI, 45 Smg A7 1]
Ft, 4»RE%E] 91.02% F190.83%; 52% LSEG M5 R, 4alis%] 92.01% #
91.34%. X—Z5 R Ui, PRy AB R W B AR T EReig ok —e e, (|
RGBT NFRAR S B R B, TR IR 2 32 B R

MEERB AT E, 528 LSEG Lt “Jofis| 5" 7€ FOLIO 47T 1.59
ANE AL, FEMALLS E32FT 1.23 NE 4G HHE R E LSEG” W55
P T 0.99 F 051 ANE 43 A X UL, 5 [ SFHLHIH R I HE A S BRI, T
RRERAEN . HIREAAET, EAZHEEFE T IR A STEIA 2 IrA i
e AP B, T S AT BRLE e DRI B RN G R 2 o QSRR REGX AP I ERAR
SZER, MRS e sm e T, wa s BT won 2 s B 1 a8,
St#¢ LSEG il M5 5 IR AARE 2, ks A BT IR s, HIbaes e
R I 51 SRR [A) U S A1) P4

HR, AFEFE— R R 2 X R _ B RCR . b, 48558 Transformer
PER 53 2 AN EE P Z X, RS S5 A0 S — X A i LSEG
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Table 3-4 Intervention Effects of LSEG on Different Layer Ranges

=X ] FOLIOLE (%) MALLSLE (%)
H2k (JC LSEG) 88.00 89.70
L0-3 83.20 87.50
L4-7 87.92 89.12
L8-11 88.63 89.84
L12-15 88.21 89.55
L16-19 87.44 89.31
L20-23 91.12 90.96
1.24-27 89.52 90.20
1.28-31 91.08 90.93
Sed% LSEG 92.01 91.34

THi. SR aN3E 3-4 R, FTLAE R, 7EHJZ DX a] N Wi 15 A 1 >k B B ke
Hodr L0 3] L3 X Ja]#E % FOLIO i) LE M 88.00% F¥% 83.20%., L2 R,
FEXEIT R oA R, JUHSRE L20 3 L23 F1 L28 % L31 piMX[E], 7F
PR DARR I R R aE . i, MRS RE, 528 LSEG 3R I T1T
— B — DA, XULRH O R RCR A ok B R — e 2B, Kk A2
77 Ty As g 5 S A E FEAL R B L RAE A

T E M R R R X R R g A, ARG R T,
Bl 3-3 fin. ATDAR R, 2 X IR AT 10 & xE AR RS T, T B2 X ],
JUHSE L20 F) L23 F1 L28 F| L31, XA nGEE e . X—H %R Ui,
AR AR BAEARZ LA R SN . )2 3R B LA R A)
YEFFAE, PSR Sa E AGB AR 7 1n), B AT BEMREER M R 58 U B G R s 4
F ;b2 0B R AR AR A R ok R AL A A TN BE, Dt 224
IR T s B A R )

SAAORE, THALSLIULH] LSEG WA U A2 B — R R YE ), Mk
H AR SE RV o B ARAIE Jy R At T BHAR S TEAR R , RS [ AL ) ke
E T XSGy ] B AEATTE . AT AR DA S AR RS BERE A . A DRI, AR R A
T #FEIEE, NG RCHRBLEN G — T . WIERR L, 58
# LSEG A Rete i 4 A5 sl 45

335 BEBRESH

FRE R AEIR ERIR IO, ARFEEYE— B TR RAEA [ _E R AR
e, DAREE BB AR | AL T+ A BB 23 A E T . ROk, AESET T
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Figure 3-3 Layerwise Intervention Effects of LSEG on FOLIO and MALLS
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Figure 3-4 Average Entropy Distribution Across Model Layers
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e BN AR S K AR PO I A A R (2 B 2 Ul , LSEG I 2 FitLHAE
SO PR, TR A AR b 2 2 g ) 1) g 2 0 SRy e R Y oK Bt
rBe. X G AL H ) & BSOS
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FBEHT— 2 HBURR B I sl i, AR U PR A IR A 22 D A WA S i 7 SO A
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AL AT AR 52 PR ASAE (e sh At T RO EANSRE, BB AT ) A
LAY R AT R . L, R AT A QORI R AN TS, AL
N EIARZSF BERARE 1 O YR BT R e M

BAARE, 2R LSEG BB St T RGE iy 28 s fr. B3R,
SRR SR AR AN F R T B 5 B DN U e A S e, TR T E S
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Figure 4-2 Ablation Results of the Proposed Method
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Students with a valid ID may enter the lab.
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Table 4-2 Case Study of Sentence Level Implicit Logic Translation
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Table 5-1 Overall Results of Different Training Settings in This Chapter
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Table 5-2 Comparison with Mainstream Models
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Table 5-3 Case Study of Document Level Implicit Logic Translation
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Students without valid identification are not allowed to en-
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He waited outside until his teacher arrived.
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