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A Hybrid Prompt Agent for Maritime AIS Data Analysis:
Performance Optimization through Query Classification and
Dynamic Routing
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While Large Language Model (LLM)-powered agents are transforming conversational data analysis, their
efficacy on specialized datasets, such as the Automatic Identification System (AIS), is highly sensitive to prompt
engineering strategies. Conventional static prompting approaches fail to adequately address the broad spectrum
of user query complexity, which ranges from straightforward fact retrieval to multi-step analytical reasoning. To
mitigate this limitation, we propose a Hybrid Prompt Agent architecture. This system employs a preliminary
query classification mechanism to dynamically select and apply an optimal prompting template: utilizing
compact prompts for high factual precision and Chain-of-Thought (CoT) prompts for in-depth analytical tasks.
Empirical evaluation on a custom-built benchmark of 100 diverse AlS-related queries demonstrates that our
hybrid approach achieves an effective balance between quantitative accuracy and qualitative contextual
relevance compared to single-prompt baselines. These findings validate dynamic prompting architectures as a
practical, effective, and resource-efficient alternative to full model fine-tuning for developing specialized
domain analysis tools.
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User Query (q)

(e.g., “What is the name of the vessel with
MMSI ... ?7)

2 Query
Classifier (fys)

Type A

Value-centric Prompt

Role: Act as a top-tier
expert in maritime AIS data
analysis

Colunn Desc:

- MMSI : Maritime Mobile
Service Identity

- SOG : Speed Over
Ground(knots)

Constraint: Provide only the
final value as the answer

Type B

Explanation-centric
Prompt

Role: Act as a top-tier expert
in maritime AIS data analysis
Colunn Desc:

- MMSI : Maritime Mobile
Service Identity

- SOG : Speed Over
Ground(knots)

Constraint: Describe the
analysis for each step with
evidence q

(1)
c[ LLM Agent (fy.s) ]

Pandas DataFrame) Executes Code on

(

(e.g., “TIAN YI HE”)

Ln Generated Answer (9) ’

Figure 1. The Proposed Hybrid Prompt Agent (HPA): a classifier
f ., Toutes queries to type-specific prompts , ; the agent

f,.c generates/executes code on D and returns .
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Table 1. Prompt Template for the Question Type Classifier

Component Content

# [System] You are a lightweight classifier that

analyzes user questions into two types.

- TYPE_A: Questions asking for a single value like
a specific fact, number, or name (What, Who,

Role & .
Instruction Which, How ma.ny...). B .

- TYPE B: Questions requiring analysis or
reasoning, such as reasons, methods,
comparisons, or detailed explanations (Why,
How, Compare...).

# [Examples]

Q: What is the name of the vessel with MMSI

3520580007
Examples |A: TYPE A

Q: Compare the operational patterns of the two

vessels and explain the differences.

A: TYPE B

Question |# [Question] {{ question }}
# [Output]
Output |- Only output ‘TYPE A’ or ‘TYPE B’.
- Do not add any other explanations.
AL T ET
HPA 79| 3 A& 487 A%o] DR BES B
Hah= Aotk AAl ALS HlolH &4 Ave] 2ol M= 54 3
& W25 s Gelsof sk AT(ER Akl dA) &
= 5ok, Ae] Aolol vt 2] Qe A4S 2 Fshe 48
(£3 B84 v 24 F)o] FAYT B TExE H
& o %7V 45 BR(P A} AR E BA BEA
7171 ol fivke 244 A7} Qv webA & dAelxe A
oI B¥Sl A% B3] Bt F M) fYOR RRIE A
24 APk

<Table 1> f, 7} AF83H= Few-shot ZEZE HIZEl 9]
TAE BoEth o] HEE2 B3t 98 A (“You are a
lightweight classifier...”), -2 < A A)(“Q: What is the

H=
UowTT
A: TYPE A”), P43 =9 34 A A|(“Only output

name...;
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Table 2. Key Instructions for the Type A Prompt

Component Key Instructions

Act as a maritime AIS data analyst. Derive the
Role quantitative/statistical answer accurately from the

entire DataFrame (df).

Provided column descriptions defining quantitative
thresholds (e.g., SOG < 1.0 knots for stationary
status) for accurate state classification and a
one-shot example (Q: ... ; A: ...).

Context

1. Provide only the value as the answer, without
any other text.

. 2. The final result must be a single-line, short

Instruction i
answer (e.g., a number or a string).

3. The answer should match the value retrieved

from the df.

YAH 0B A A8k, HF 2o T fOo = ARt Ao
AR AZ 7S BT

) 8 BE A% AH-54 ZEFZE(Explanation-centric
Prompt, Explanation-CP)
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Table 3. Key Instructions for the Type B Prompt

Component Key Instructions

Act as a top expert in maritime AIS and vessel

Role operation pattern analysis. Provide a detailed

explanation based on the data and cite evidence.

Provided detailed
operational criteria for vessel status judgement and

column descriptions and

voyage separation rules to support (e.g., “Separate
.7 and “SOG < 1.0 is
stationary”), along with a one-shot example (Q: ...
;AL

Context .
voyages based on time

1. [Analysis Process]:
First, list the 3-5 key steps to solve the problem.
2. [Detailed Explanation]: Describe the analysis for
Instruction each step. All claims must be based on data, with
evidence (values, stats) in parentheses.
3. [Final Summary]: Conclude with a 2-3 sentence

summary.

3.3 LLM oj|o] A E.9] Z% )

B Ao A Alksh= HPAY] f, 2 LangChain Z# ¥ 3
©] Pandas DataFrame Agent?} 22 LLM 7|5k = A4 of| o]
AES] 25 B2l E T o] do]HE«= (1) e 252
E(r, B )% (2) AIS U]0]E]7} B7] Pandas DataFrame(D)
S dgog =t O F oI EE ZEZES A o}
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Table 4. Question Taxonomy and Examples

KRPUS, A& KRBNP)oJ| A ¢

Aut 71502, Elﬂgr Ak 1703, Z 68071 Zfc}xl'(voyage) 715
< 3k, MMSI, BRI 2RI Z 3 5, SOG, COG 59| F
8 Agog FAHE (1) AR AE - T5/014A AA, (2)
HE 2 - AY BIKE A W), 3) TR B <=2 AA
g A= 2 UTH

B holEAle FoH 5HEE A5 Y3 Hrhg W

24 Tk g ol A
2o BAwo] teh Al A BEFE FHHAR, ool s
7h Aol & WA BEE A A Fugh-FA), =
3 24 F4 FRAP-F)9 F A SR 44
sl Ao

R R g AR 2
GPT-40E APl E&3}] ALg3gon A& &3
z

w719 ¢
AN BE 5 7US 7|ulo 2 AEGT) LLM o o] HE
Sae el LangChain #1928 AHESI1L, A S &

748 <Table 5>} 7t}

Major
Subcatego #ltems Description Example Question
Category ubcategory p xample Qu
Static s Fixed vessel specifications and |“What is the name of the vessel with MMSI
attributes identifiers 3520580007
Simple Fact Time-specific 10 Dynamic state at a specific | “What was the last recorded speed of MMSI
Extraction (35) attributes times tamp 3520580007
Conditional 10 State when a condition is “Where was the vessel when its speed first
attributes satisfied exceeded 15 kn?”
] Global / group Dataset level or groupwise “How many unique vessels are included in
Calculation & . 20 ”
] statistics aggregates the dataset?
Aggregation — - - -
(40) Per-vessel 20 Statistics from a single vessel’s| “What is the maximum speed of MMSI
/ time-series stats trajectory 3520580007
Pattern & anomaly 10 Detect abnormal patterns or | “What are the characteristics of vessels with
detection irregular reporting abnormally long reporting intervals?”
Inference & Comparison & 10 Compare behaviors and “Which vessel operated most efficiently, and
Analysis (25) | performance analysis explain efficiency differences why?”
Hypoth & dat; Di data limitati
vpo eses. aa 5 iscuss data TmITATons of “What are the limitations of this dataset?”
quality form hypotheses
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Table 5. Experimental Environment ROUGE.L. ; E LCS (Secé (yi)( S)eCI(Ym D)
Model GPT-40 (API inference, July 2025) ATEQy | CaLy; |
Agent Framework LangChain 0.2.1 Accuracy (A; A A4 %‘@')
Environment Python 3.11 4 = EM, +PM,, +F1, +ROUGE_L ,
Specification Processor: AMD Ryzen 5 5600X (6 Core) " 4
Memory: 32 GB RAM

(ii) ¥4 F4(R, Analysis)
Inference &&2] LLM-as-a-judge®] 58 HE M5 (0,112

42%37F 2 Q42 Ak Fe& AT
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(iii) &% 4 5(P, Performance)
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Table 6. Performance & Efficiency Comparison across models

Model EM PM - ROUGE-L Accuracy | Analysis |Performance| Latency Tokens

(GY) ®) ®) (ms)
Baseline 0.067 0.573 0.084 0.084 0.202 0.552 0.334 3,184 103,240
Value-CP 0.507 0.653 0.535 0.533 0.557 0.361 0.448 2,653 136,099
Explanation-CP 0.000 0.520 0.003 0.003 0.132 0.643 0.290 8,637 269,973
Hybrid(Ours) 0.520 0.640 0.534 0.534 0.557 0.736 0.640 4,565 155,601

Bold indicates the top-performing model (1st) in each metric, and underlined text indicates the second-best (2nd).
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Table 7. Performance & Efficiency Comparison Across LLMs and Models

LLM Model Accuracy (A) Analysis (R) Performance (P) Latency (ms) Tokens
Baseline 0.202 0.552 0.334 3,184 103,240
Value-CP 0.557 0.361 0.448 2,653 136,099
GPT-40 Explanation-CP 0.132 0.643 0.290 8,637 269,973
Hybrid(Ours) 0.557 0.736 0.640 4,565 155,601
Unified 0.199 0.576 0.339 10,681 419,787
Baseline 0.184 0.464 0.292 9,238 81,477
Value-CP 0.184 0.456 0.290 13,587 131,743

Qwen3-80B -
Instruct Explanation-CP 0.183 0.712 0.361 25,681 397,456
Hybrid(Ours) 0.180 0.696 0.354 21,264 210,522
Unified 0.180 0.736 0.364 18,748 411,729

Bold indicates the top-performing model (1st) in each metric, and underlined text indicates the second-best (2nd).
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Response Metrics Response Metrics
Simple Fact Extraction The ship name of Baseline contains t.he
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° aip Y ,l,r(’ps fm(’“gh and SOG HYUNDAI COURAGE. concrete
vessels satling along the | . Jation examined. Interpretation: drops mainly findings with
route CNSHA — occur near port domain-consistent
US. approach/anchoring; may reflect reasoning.
congestion, weather, or
mechanical factors.
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Table Al. Post-processing Answer Reduction (Rule, GPT-40)

Model EM PM F1 ROUGE-L Accuracy (A) Analysis (R) Performance (P)
(Rule-based)
Baseline 0.387 0.392 0.394 0.394 0.391 (+0.189) 0.360 (-0.192) 0.375 (+0.041)
Value-CP 0.493 0.496 0.499 0.499 0.496 (-0.061) 0.336 (-0.025) 0.408 (-0.040)
Explanation-CP 0.240 0.241 0.241 0.241 0.241 (+0.109) 0.560 (-0.083) 0.367 (+0.077)
Hybrid(Ours) 0.507 0.507 0.507 0.507 0.507 (-0.050) 0.577 (-0.159) 0.540 (-0.100)

Table A2. Post-processing Answer Reduction (LLM, GPT-40)

(LLT/Eileed) EM PM FI | ROUGE-L | Accuracy (A) Analysis (R) Performance (P)
Baseline 0.173 0.195 0.195 0.193 0.187 (-0.015) 0.544 (-0.008) 0.287 (-0.047)
Value-CP 0.507 0.529 0.533 0.533 0.523 (-0.034) 0.384 (+0.023) 0.448 (+0.000)

Explanation-CP 0.213 0.225 0.224 0.224 0.221 (+0.089) 0.585 (-0.058) 0.370 (+0.080)

Hybrid(Ours) 0.520 0.536 0.536 0.536 0.531 (-0.026) 0.585 (-0.151) 0.557 (-0.083)

Values in parentheses denote the change(A) related to <Table 6>.

AT ZEZES AT AEE XIS, CoT 71| 544, 79 2% & 44 2dAZ ) EM3} 22 4 ¥ A
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< FEske AR HE S AT AA B S 2= (i) 712 719 A G (i) LLM 719 A S 242 2-8-8tiTh 1A 127
HE A = G ol A x| 9 Tl (] 12.5 knots) S H-¢-A 0.2 B ste] FE3Th whof 3] g o] FAE A4 &)
=3 7015%_ AEAE Za, G AEY] wpA Y S5 AP WO ks 243 A8t vk, LLM 719 BAlE A 2
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= B: Baseline ZEZE

Table B. Baseline Prompt Template

Component Key Instructions

Role You are a helpful assistant.

Provided column descriptions containing standard physical definitions of AIS variables

Context
onex (e.g., defining SOG as Speed Over Ground, knots) to understand the dataset structure.

Instruction Please answer the question ({{ question }}) using the provided information.
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