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Abstract
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This paper proposes a method for large language
model- and retrieval-augmented generation
(RAG)-based question answering for submarine
combat system manuals. A pipeline consisting of
document embedding, a vector database, and
fine-tuning was implemented, and the performance
was comparatively evaluated using a benchmark
dataset composed of 100 multiple-choice and 100
open-ended questions. The experimental results
indicate that applying RAG and fine-tuning improves
response accuracy and contextual relevance compared
with the baseline model and confirm the applicability
of the proposed approach to submarine combat
systems.

CHd10{2H(Large Language Models),
LSS (Retrieval-Augmented Generation),
O|MI=24(Fine-Tuning),
= olZ 2|5 (Military Al),
25t MEA| A (Submarine Combat Systems)
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Development of LLM- and RAG-Based Question
Answering for Submarine Combat System
Manuals
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Three-Stage Development Model for Defense Al

Stage 1 Stage 2 Stage 3
Initial Autonomy Semi-aulonomous Fully autonomous

(Awareness
+ Judgment Intelligence
+ Decision Intelligence)
Command and Control System

(Recognition intelligence)
Intelligence, Surveillance, and
Reconnaissance System

(Awareness
+ Judgment Intelligence)
Combat System

* Inteligent Command and Decision
Support System

- Al-Based Hyper-Connected
Combat System

Fig. 1. Defense Al 3-stage development model
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2.1 Naval Combat Management System
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Fig. 2. Naval combat management system

2.2 LLM(Large Language Model), sLLM/(Small
LLM)
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2.3 RAG(Retrieval-Augmented Generation)
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Fig. 3. RAG architecture[5]
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g F23E AL S olT = AT A5}
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FAA ¥ Al A" -5 Ao Al B = 7]
Sttt AA Al A"l RAG 7|H S AlA"HS
Ao Z dolg4g — duld A2 — vector A
& 7% — @AY AATH AEoz T4, 7
SAL A% 4 olRE sl Y3 g &
2ot v Bxo) Yot AL A X 2AANA F
A3t A 9] Al (benchmark dataset) ] o3l 35 2 7}
£ |30 2 RAGE} fine-tuning 2] Lo tff 3ff
AA A7 BX5G Tt TS Table 12 ZF 43 94
g 7N g 0|tk LLM¥} RAGE 7|Wto 2 3F
S AEAA Y A A" =L LangChain frame-

o ofN mfy

N
A

workE ©0]-&5}o] PythonOC & 7jdto] AP rt.
Fine-tunings A dPotal, 71 g5 93t st=9

KNST

of Ao & ¢ FAFS 7HA7] #15to] Unsloth 2

o]B & g2} 7]& Gemma3-4Bo| ¥ SE Hot 1
99] “Gemma-3-4b-it-unsloth-bnb-4bit” X &S
AH&-3F % th. Embedding 9 9] ¢ a2t ot o
A Rd @ vj L3t "KoES"E AMg5to] 32 7]EE &
glE 2el& A}8-3519 21, vector DBEE= Chroma
E ARG T RN &89 A HAg 22
9 2 &G o A KB 5t

Table 1. Implementation environment

Implementation elements  Development environment and tools

Python Devenv Visual Studio Code

RAG Framework LangChain
LLM Gemma—-3-4b-it-unsloth—-bnb-4bit
Embedding Model KoE5
Fine-Tuning Library Unsolth
Vector DB Chroma

F712 T A dS 2APsH7] gt st=qo] E &
ZE Qo] 374 ¢ v d FH = Table 29 2T},

Table 2. Experimental environments

CPU AMD Ryzen 5 7600
GPU Nvidia RTS 2080 Ti11Gb
RAM 32GB
0S Window 10
PyTorch 2.6.0+cu126
Python 3.11.10
Unsloth 2025.4.7
LangChain 0.3.24
ChromaDB 1.0.16

31-A A L

2 AU AT AFAA ol A EH et oF 74
Ao £ o= APstlon, 24 42 74
&0l Zadt vy P& 7|¥te 2 stal QU A9
SHHAEE 9o =&H WA utg Ao A2 AF
Al, 34 10070 2, AR &g &8 Al 24 7Hs
AU Qo 7R RFEE FAH AT 2 AF
oo Al dAt= Flg 48} o] A4 E o] Qlo,
71& LM 2d g& , LLM+RAG £3} 84,
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Fig. 4. Research process
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Table 3. Fine-tuning dataset template

Benchmark dataset template

{ "Question”:“H&, “Answer”:“Et1” }
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