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[Abstract]

Modermn naval battlefields are complex, causing heavy workloads for commanders and reducing crew
sizes. Therefore, commander decision support systems are essential for ship survival. Thus, this study
assumed an environment where limited manuals and finite datasets are constructed due to characteristics
of the defense domain. Under these constraints, this study constructed four architectures-Base,
Fine-Tuning, BasetRAG, and Fine-TuningtRAG-using open-source LLMs deployable within a ship’s
closed-network environment. And their performance was evaluated using 50 virtual operational combat
scenarios. Experimental results showed that the BasetRAG architecture was relatively effective in
tactical validity and reliability compared to the QLoRA Fine-TuningtRAG model, which increased the
hallucination rate by approximately 8 percentage points. Although this phenomenon involves factors that
require further verification, such as internal knowledge interference or overfitting, it demonstrates that
the BasetRAG architecture can serve as a more stable alternative than a Fine-tuning-based architecture
under constrained experimental conditions like those in this study. However, the architecture with RAG
showed the first response time jumped from an average of 3 seconds to 24 seconds. This delay mainly
caused by the load from real-time retrieval calculations and context processing. It indicates that while
knowledge retrieval improves accuracy, it simultaneously introduces response latency as an operational

trade-off.
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Fig. 1. Al-based command decision support system[2].
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Fig. 2. Generative Al Architecture Specialized for the
Defense Domain[3].
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2.2 International Research Trends
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2.3 Differentiation from Previous Studies
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3.1 Proposed Architecture and Comparative

Analysis
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3.2 Experimental and Training Configuration
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3.2.1 Hardware and Software Specifications

Table 1. Hardware and Software Environments
Components HW/SW Spec
CPU AMD Ryzen 9950X
GPU NVIDIA RTX 4090(24GB)+5060Ti(16GB)
RAM DDR5 128GB
0s Windows 11 Pro
Deep Learning Torch 2.7.0+Cu128 / Transformers 5.14.1
Framework
PEFT Library PEFT 0.19.1 / BitsAndBytes 0.49.2
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3.2.2 Parameter Configuration for QLoRA
Fine-Tuning

Al 24 019 HlolEI B0l ALY A RS 2]
AskolRIA s 2840 k&S Alsislr] 9lal, 48]E oAt
3H4-bit NormalFloat, NF4) 7]8t9] QLoRA(Quantized
Low-Rank Adaptation) 7|-& A-85}3iCh

3t A AAIZE 715R] Qo] 7 2asl At of
8] (Low-Rank Adapter)= Qwen 2 U Attention &
&9 A9 2folol(g-proj, k_proj,
MLP 2f|o]o}(gate_proj, up_proj, down_proj) HAIE Ef
71 B&(Target Modules)= A|7Jsto] st Of7H 42
2 W{11]. 53], g€ HlolEAl WA sl
AAE Aedez ol Yigo] ZiRIAZ]7] Sl bl
A =2 25 7HeA] *33(Rank, r=32)9t ALY
QIXHAlpha, a=64) 3= 27stATH12]. 2 A9 oAl=
ol 8= AR stojmotetolg H73t2 Table 2

v_proj, o_proj) &

Table 2. Hyperparameter Specifications for QLoRA
Fine-tuning

Parameters
Qwen3.8-27B

Components
Base Model

Quantization

Type: 4-bit NormalFloat (NF4)

Type
LoRA Rank (r) 32
LoRA Alpha (o) 64

0.05

g_proj, k_proj, v_proj, o_proj, gate_proj,
up_proj, down_proj

2e-4 (AdamW Optimizer)[11]

Per-device batch size = 1 / Gradient

LoRA Dropout

Target Modules

Learning Rate

Batch Size Accumulation Steps = 8 (Effective Batch
Size = 8)
Training
Epochs 3 Epochs[11]

Max Sequence
Length

LR Scheduler

1024 Tokens

Linear

3.2.3 Inference and RAG Parameter Specifications
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Table 3. LLM Inference Parameter Specifications

Components Parameters
Enable_thinking False
Temperature 0.1
Repetition Penalty 1.1
Max New Tokens 1024
Top-P 0.9
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Table 4. RAG Pipeline Parameter Specifications

Components Parameters
Embedder

Vector Database

nomic-embed-text-v1
LanceDB
RecursiveCharacterTextSplitter
1,000 Characters
150 Characters (15%)
Cosine Similarity
Retrieval Top-K 3

Chunking Algorithm
Chunk Size
Chunk Overlap

Similarity Metric

3.2.4 Naval Weapons System Domain Dataset
Construction for Fine-Tuning
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Table 5. Configuration of Naval Weapons system
Domain-Specific ChatML Dataset (Example:
Synthetic Data for Confidentiality and Security)
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(Obfuscated to comply with military security guidelines)

3.3 Evaluation Dataset Composition
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Table 6. Evaluation Criteria and Rubrics
Score Fact Checking Problem Solving Situation Understanding
(20 Items) (20 Items) (10 Items)
5/ Fully matches official doctrine Highly valid proposals Flawless grasp
« Strict adherence to the manual | « Optimal tactical solutions with no | « Perfect situational awareness
Excellent . . . .
without any assumptions. operational risk. under standard procedures.
4 Mostly matches official doctrine Mostly valid proposals Sufficient core grasp
Good « Minor tactical deviations causing | ¢ Effective tactical choices with e Clear awareness of all critical
no operational disruption. manageable risks. operational elements.
. . . Partial
Partially matches official doctrine | Adequate proposals artia graspc
3/ . . . ) some confusion
. * Noticeable deviations causing * Acceptable solutions but .
Fair . . . . ¢ Incomplete awareness leading to
brief operator confusion. requiring procedural adjustments. . .
minor tactical errors.
2/ Fails to match official doctrine Flawed proposals Fragmented grasp
Poor * Severe deviations leading to * Sub-optimal solutions that * Poor awareness causing
tactical isolation or vulnerability. | jeopardize mission success. significant operational delays.
. . . . Invali | let
Directly violates official doctrine nvalid prc?posa s Complete absence .
1/ . . ; . * Total failure to suggest any * Total lack of comprehension
. « Critical violations ensuring the ) ) . o
Fail . actionable or safe tactical leading to complete mission
loss of equipment and personnel. L :
solutions. failure.
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Fig. 7. Experimental Results of Tactical Query Evaluation
for Each Architecture.

Table 7. Experimental Results
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4.2 Experimental Analysis
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V. Conclusions
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