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Abstract

To address the challenges of high construction cost, multilingual knowledge fragmentation, and
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difficulty in dynamic updating of knowledge graphs in maritime intelligence systems, this paper pro-
poses a cross-lingual retrieval-augmented generation method integrating dynamic knowledge graph
construction. The method automatically builds an evolvable ship design knowledge graph from multi-
lingual unstructured documents via an iterative multi-label extraction algorithm, introduces a hybrid
retrieval mechanism with path confidence weighting, and enhances the factual reliability of generated
answers through a cross-lingual NLI-driven collaborative verification strategy. Evaluated on English,
Chinese, French, and German documents, the method achieves a multilingual average F1-score of 86.8%
and a cross-lingual entity alignment accuracy of 94.7%. The end-to-end question-answering factual
correctness reaches 92.3%, outperforming the baseline by 7.8 percentage points. For queries involving
recently updated regulations, the dynamic update mechanism improves factual correctness by 23.7
percentage points over the static graph version, verifying the effectiveness of this method in maintain-
ing the timeliness of knowledge.

Keywords

Dynamic Knowledge Graph, Cross-Lingual Retrieval-Augmented Generation, Ship Design,
Multi-Label Knowledge Extraction, Multilingual Reasoning

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

1. 518

B AR Tl B A R RN, AR T e 1R A R e A I e AR P B e R A ) S
Rl ST 2 1R SRR TN BRICHR . IVEARHE & TRESEERZ I [1], FPCRIES#. SR
) HAF SRl AL, i BRI L RR B R G ok 1 IR PkAk[2] .

R A AR KA 5 ) 2R R 0 5 AN AR e (KOS B R 2 AR A 1, LA T U ) A
S B R2 RR[3]. AR, AT RS A S A RS I = R Bk — R B IR R L
W) 22 FR2E RSP, B —RIRSUARTEAE RN I e S Mg . T2E0R, S HESE 2 YRR L, G Rinss
IO IFAEAAER R R s R AR B 75 N A ARV SR A A e =R R 51 O 57
T P P 35 Ml A T v B Al 3 8 S 5 S

BEXE LR, ASCHE Rl SRR B B 1R S ARG R AR O %, R AR ERE I B 3
B REERE KRG NHPAESRE, RO Tt EIE =51 . 38—, SRS AL 2 bR a8 kiR
WS, SO 2R F ARG A SO B S5 A FR EE RO A EH Bh el 58—, BoTHIAR BAS BN
RERZRNS], SRR SRR S R EE SR FRRE; =, REETEESERE
FHEFL 215 5 U R ARIE SN, I8 2R F — BRI E S ST e 4]

2. EXIfE
2.1. MiREEAE S &

IR BT B S AR S AU AL O T T R 2 — o B TR EZ A 2T RO SEAR IR 5 55 A il
SN ERNEN, FEEIEUS 7R RCR 5] MR T TS K1 P A T I Ry R e LA
AR, BT XSTEOOR, HAVEARHERF S . DU AR 2 B MR AT — PR 2
HME LASZ 5 185 SR S5 A B, e MR ARG R A AR

DOI: 10.12677/cs5a.2026.165190 366 THEYLRE 5 N


https://doi.org/10.12677/csa.2026.165190
http://creativecommons.org/licenses/by/4.0/

Ropin, PR

2.2. ¥R EsEsE pY

K2 DR A RBORTE R AN R AR B 5 RE KR SRR B OC, ARER T R X5 ) A
T T RN SRR S5 M SR ERA R3] T RR B A 3 I 0 T iR — P SN G R R R A2,
Ao SEAR RN 2 B AE PG SRAS R BOR 6] BUA TT i R 2RI B UM S, AL T B sh s
BALIITERT]: AN, TR 215 5 5 EE 5 R SRR LG A R, XEDLESE ] T A st 2

1B 5 & 58].
2.3. BiZEE2HE

T TG BER  HEHEBh T 208 S A EUE AR I E R B . BGE-M3 25215 5 ik A AIE
PSAT S 1 SO BV 57 TR B SRR RE 77, S iexd R R ES 15 5 A R AR 4 1 SRt S 4% 9] (EAIR B IR
B S T AR I R B AR AR R B, S E0E I ARE R B R B, 2 H AT E 5 5 5 3 U 1 1)
FENAHZ — . Zhang S [10]7E [ 4177 5 B TH K 245 5 BIRG ZR40 50 A6 BONE 2807 50 R R AR 4R DI ZRiE Rl
(T8 & 0 A AN B2 ) 20 B8 5 HE R RS D AR AR IR, I8 i W RS 5 4200 1] (¥ % 8 EL b S e o LA
LRk o
3. FEtESR
3.1. RixEEt

AR TR B R U B, PASD IR, W LRI 2 R, B N2 IEE )
THER SR A, 51 5t 218 5 2 IR IREWE b A 2 2 M AR BT iR B, LA
BB 1 T A A AP B 2 iR B S B AN R IR AR O 20 A BRI SR A s, BT
O A SR P 0 5 T AR 2 [m1 2 P ), BB 3 ZURIR A I R A B 4 2 B4 ik s A it
P o PR RABEER AL B R 2 5 S R R P A AR R R PG P by 7 o i A R A SR PRI TR R 5 M 1k
SO, TR B AR R B AR S R 11 S PR R P Bh A e 3 S R

3.2. Hk—: ZFEEWITAAEEE

BR— : ZIEFRITAIRE SRR

SB12 AL SB13 R AR ¥ HB 22 AIREHE

o i : ——
RS Q-0 ||| ool
L | tERBGRE LLM P == -

‘ TR A = Lo b I Yefasiing
f = ARFERA SR
B L1 : P RENEN i 0

e N @ ¥ SR 21 GIHAIRAR

LT = SEEMAN ¥ FE .

& f—e—éjw’ #E T *{ Tt H i Be

mr M g |
: | araenn
@ B e ‘
MR s @ .. _é._ :
=g =0 R E = ¥ iR R
web criteria cases  logs BIREGRBAG . LLM
i BB 1 : Bt AR i BRER 2 : AR A S pItE

Figure 1. Multi-language design knowledge graph construction module framework
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You are a professional ship design knowledge verification assistant. Your task is to determine the logical relationship between
two answers about ship design generated in different languages.

BRI

Please classify the relationship between Answer A and Answer B into one of the following three categories:
-Entailment: Both answers convey the same core facts, even if expressed differently or in different languages.
-Contradiction: The answers contain mutually exclusive factual claims (e.g., different materials, conflicting parameter
values, or incompatible regulatory references).

-Neutral: The answers address partially overlapping or different aspects of the question without direct factual conflict.

[ N 50
Answer A (Chinese): {A_zh}
Answer B (English): {A_en}

[ i 3]
Respond with a JSON object only: {"judgment": "Entailment|Contradiction|Neutral", "confidence": 0.0-1.0,
"conflicting_claims™: ["claim1 vs claim2", ...] }
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Figure 2. Multi-language graph retrieval-augmented generation module
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Table 2. Performance comparison on ship design question answering tasks
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