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Abstract

Addressing the challenges of outdated textbook knowledge and fragmented internet information within the
aviation domain, this paper proposes a dual-source aerodynamics and flight principles knowledge Q&A system
based on GraphRAG. This system integrates the authoritative rigor of textbooks with the timeliness of internet
information. A knowledge graph is constructed from self-compiled textbooks, supplemented by an internet
timeliness knowledge anchoring mechanism, forming a cohesive dual-source knowledge framework. A domain-
enhanced GraphRAG strategy is designed to significantly improve the accuracy and comprehensiveness of retrieved
results. A knowledge fusion mechanism is implemented to facilitate multi-source knowledge conflict. By fine-tuning
the DeepSeek, the system generates systematic, authoritative answers tailored to users' query. The prototype
system shows that it outperforms traditional aviation Q&A systems, with an average improvement of 24.8%. The
proposed architecture enables migration to other domains by replacing domain knowledge sources.

CCS CONCEPTS
General and reference ~ Document types ~ Reference works
Keywords

Knowledge, GraphRAG, Aerodynamics and Flight Principles (AFP), Q&A system, Retrieval

1 INTRODUCTION

Knowledge of Aerodynamics and Flight Principles (AFP) is characterized by its strong theoretical foundation and
high timeliness. Fundamental concepts and mathematical models are predominantly classical content, whereas
regulations like airworthiness standards and operational procedures require real-time updates. Existing
knowledge systems exhibit significant limitations: textbook knowledge bases suffer from long update cycles
(averaging >3 years), while internet information is highly fragmented [1] (72.5% of content lacks authoritative
verification). Q&A in the aviation domain often involves complex knowledge structures and rigorous reasoning logic.
Large Language Models (LLMs), when lacking sufficient domain knowledge support, are prone to hallucination,

leading to significant knowledge gaps between students' theoretical learning and practical operations.

* Corresponding author.
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The recently proposed Graph Retrieval Augmented Generation (GraphRAG) technique [2] addresses this by
combining knowledge graphs (KGs) with generative models. It leverages the structural information of KGs to
provide more precise and rich context for generative models, thereby improving their performance and addressing
issues of model stability and efficiency. GraphRAG offers a promising solution for intelligent Q&A systems. While
GraphRAG shows potential in general domains, it exhibits clear limitations when applied to specialized teaching
scenarios due to its lack of inherent knowledge logic modeling capabilities. Domain-specific development based on
GraphRAG is necessary [3, 4]. Although some aviation Q&A systems exist [5], they often over-rely on structured
databases, resulting in weak natural language understanding and limited intelligence.

To address these challenges, this paper proposes and develops a dual-source AFP knowledge Q&A system based on
GraphRAG. The system uses textbook knowledge as its backbone to ensure theoretical authority and incorporates
internet knowledge to inject timeliness. The system architecture is shown in Figure 1. Guided by domain experts
and utilizing self-compiled textbooks, we construct KGs and knowledge base (KB) for AFP. When a user poses a
query, the system employs GraphRAG guided by KGs to retrieve relevant knowledge from both the proprietary
knowledge base and LLMs/internet sources. The retrieved knowledge is then filtered according to predefined
strategies to present the user with systematic, authoritative knowledge tailored to their specific requirements,
ensuring controllability over the source, process, and outcome of the generated content.

7 4

Figure 1. The dual-source AFP knowledge Q&A system architecture.

2 CONSTRUCTION OF THE DUAL-SOURCE KNOWLEDGE SYSTEM

2.1 Construction of Textbook-Based Knowledge Graph and Knowledge Base

Constructing a domain KG and KB from textbooks is a multimodal information processing task, typically involving
subtasks such as multimodal named entity recognition, multimodal entity relationship extraction, and multimodal
event extraction [6, 7]. With the rise of LLMs, information extraction can be achieved more flexibly and efficiently
by leveraging their ability to respond to specific instructions. Due to the current lack of annotated datasets
specifically for aviation KG construction tasks, this paper employs few-shot learning by providing a small number
of example samples to assist LLMs in solving entity relationship extraction problems in textbook text.

The construction of the AFP KG and KB is based on the original textbooks of "JIANMING FEIJI FEIXING YUANLI" [8]
and "HANGKONG GAILUN" [9]. Considering the characteristics of textbooks and applications, the primary tasks are
identifying entities within the textbooks and extracting relationships between them. Entity recognition involves
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identifying entities with specific meanings in the text and correctly classifying them into predefined entity types.

Entities identifiable from textbook mainly include: Chapter, Section, Sub-heading, Basic Concept, Chart, Formula,
Case, QR code, etc. Relationships between entities can be categorized as: (1) Hierarchical Relationships: Chapter —

contains — Section — contains — Sub-heading — contains — Concept. (2) Knowledge Relationships: Concept —
derives — Formula, Concept — illustrates — Chart, Formula — applies to — Case, Concept — demonstrates — QR
code. (3) Instructional Relationships: Concept — explained by — Case, etc.

Due to the lack of annotated datasets for aviation KG construction tasks, predefined prompt templates were used
to help quickly locate and extract required information, reducing the time and effort of manual annotation and
accelerating the KG construction process. Furthermore, for highly rigorous fields like aviation, prompt templates
essentially create a "safe channel" between "human cognition” and "machine computation,” mitigating risks
associated with purely Al-generated content. Prompt templates help ensure consistency in the format and structure
of extracted information, which is crucial for subsequent steps like data cleaning and integration. The prompt
template serves as the core bridge connecting unstructured text with structured KGs. It constrains LLM output
behavior through "standardized instructions,” transforming natural language understanding tasks into controllable
data generation tasks, significantly improving the efficiency and quality of KG construction.

After identifying entities and extracting relationships from textbook, multimodal entity alignment and term
ambiguity fusion are crucial. Entities and relationships are mapped into a continuous vector space, preserving the
structural information of the graph. The data is integrated, deduplicated, aligned, and processed for consistency to
form a unified, structured, high-quality knowledge system. A database for storing and querying high-dimensional
vectors is designed, storing the vectorized knowledge to form the AFP Knowledge Base. Efficient indexing strategies
are implemented to improve query efficiency. To address the challenges encountered in constructing the KGs and
ensure knowledge quality, domain experts will periodically review the KG to verify coverage of entity/relationship
types against the textbook knowledge and perform spot checks on automatically extracted results.

2.2 Internet Knowledge Anchoring

To overcome the limitations of proprietary knowledge, such as update lag and insufficient breadth, internet
knowledge is introduced into the Q&A system to enhance the depth and breadth of answers and support richer,
more dynamic learning experiences. This paper designs an Internet Knowledge Anchoring mechanism. It identifies
key knowledge points within the proprietary knowledge base and automatically locates relevant high-quality
information resources on the internet, "anchoring” them to corresponding knowledge content nodes. This
constructs a "dual-source knowledge channel" where proprietary and internet knowledge operate in parallel.
Through systematic credibility grading, precise positioning, and dynamic updating mechanisms, this achieves the
organic integration of internet knowledge with textbook knowledge, providing timeliness assurance for the aviation
knowledge Q&A system while ensuring authority and reliability. The quantitative evaluation metrics for credible
site grading are adopted, as shown in Table 1.

Table 1. Quantitative evaluation metrics for credible sites.

Level Representative Sites Authority Score  Update Requirement
T1 Government faa.gov, caac.gov.cn, easa.europa.eu 0.90-0.95 Daily monitoring

T2 Manufacturer boeing.com, airbus.com 0.85-0.89 Update every 3 days
T3 Academic aiaa.org, sae.org, icas.org 0.75-0.84 Weekly update

T4 Forum/Community  pprune.org, flightglobal.com 0.35-0.74 Monthly review
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3 DESIGN OF DOMAIN-ENHANCED GRAPHRAG RETRIEVAL ENGINE

To effectively utilize the constructed dual-source knowledge system, and to enhance the system's understanding
and generation capabilities in the professional domain, this paper proposes a Domain-Enhanced GraphRAG
Retrieval Engine. It models semantic associations and collaborative retrieval across sources through graph
structures [10], thereby building a knowledge service system with strong generalization and high precision.

3.1 Query Routing Design

Query routing design is a key component for achieving efficient retrieval in the retrieve engine. Its core objective is
to accurately direct query requests to the most appropriate knowledge source based on user query intent,
improving retrieval efficiency and result quality. Query routing begins with user query intent analysis. Natural
language processing techniques are applied to perform lexical, syntactic, and semantic analysis on the query
statement to extract key features. For instance, queries rich in professional domain terminology are preliminarily
judged to lean towards deep knowledge in the proprietary knowledge base, while queries involving broad
information or requiring high timeliness are more suited for internet knowledge sources.

To achieve precise routing, this paper constructs a Query Routing Decision Strategy. This strategy comprehensively
considers query features, knowledge source, and historical retrieval data. Query features include query length,
keyword type, semantic complexity, etc. Knowledge source characteristics encompass coverage, update frequency,
authority, etc. The primary strategy for selecting the appropriate knowledge source is outlined in Table 2.

Table 2. Query strategies for different problem types.

Problem Feature Recommended Strategy  Processing Method
Basic Concept (e.g., "Bernoulli's Principle")  Local Priority Direct query to textbook KB
Deep Reasoning (e.g., "Payload reduction Local Primacy Textbook knowledge + Formula Engine
calculation for plateau airports")
Timeliness Requirement (e.g., "2024 External Expansion Trigger internet search
Airworthiness Standards")
Cross-Domain Problem Hybrid Retrieval Textbook foundation + External latest

Considering the differences in information timeliness, authority, and completeness among different knowledge
sources, a dynamic weight allocation mechanism is introduced to balance the contribution of content from the
proprietary knowledge base and the internet.

3.2 Knowledge Graph-Guided Retrieval

In constructing a GraphRAG system, the KG serves not only as a vital source for information retrieval but also as a
key tool for enabling multi-hop reasoning and context modeling. To improve retrieval efficiency within the
knowledge system, this paper proposes a KG-Guided Retrieval mechanism. By combining KG information with

semantic understanding, it enables more precise knowledge node localization and content recall.

3.2.1 Node localization.

Aims to quickly and accurately locate relevant nodes in the KG based on the user query, the combining semantic
similarity assessment with knowledge source weighting is adopted, through the following specific steps:

1. Node Semantic Encoding: Use Sentence-BERT to generate semantic embeddings for labels and descriptions of all
KG nodes, forming a node vector set.
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2. Query Vectorization: Convert the user input into a semantic vector of uniform dimension.
3. Semantic Matching Calculation: Compute the cosine similarity between the query vector and each node vector to
obtain preliminary relevance scores.
4.Knowledge Source Weight Factor: Introduce a weight wg based on the authority and accuracy of the node's source.
Proprietary nodes have higher weights (e.g., ws = 0.8), internet nodes lower (e.g., ws; = 0.8).
5. Aggregate Scoring Function:
Score; = a-cos(q, ;) + (1 — @) - w; (1)
Where a is a hyperparameter balancing semantic similarity and source weight.

6. Top-K Node Recommendation: Select the top K nodes based on the aggregate score as candidates.

3.2.2 Adaptive retrieval radius.

After node localization, the retrieval radius around the located node needs to be determined. The radius size directly
impacts result comprehensiveness and accuracy. Too small risks missing relevant information; too large introduces
noise. An adaptive retrieval radius mechanism is introduced: for specific queries, retrieve only the node and its
direct neighbors; for broader queries, expand the radius to second or third-order neighbors.

3.3 Subgraph Aggregation

In GraphRAG systems, KGs support multi-hop reasoning but direct retrieval in large graphs can cause redundancy
or noise. This paper employs a Subgraph Aggregation mechanism to extract the most relevant subgraph for the
current query and structure it to support high-quality content generation and reasoning.

3.3.1 Instructional path-based relation pruning.

Some KG relationships exist but do not form the main logical path in instruction. For educational application
scenarios, this paper designs a novel relation pruning algorithm based on instructional pathways, through the
following specific steps:

1. Identify primary knowledge points involved in the query (e.g., "induced drag").

2. Find the instructional path for this point in the KG (manually annotated or auto-generated via graph traversal).
3. Build a local subgraph centered on this point.

4. Prune edges unrelated to the instructional path, retaining only relationships consistent with the learning
sequence. This reduces complexity and improves logical coherence and pedagogical suitability.

This method significantly reduces the complexity of the graph structure while enhancing the logical coherence and
pedagogical suitability of the generated content. Following subgraph pruning, this paper proposes a multi-
granularity knowledge assembly strategy to further enhance the quality of generated content.

3.3.2 Multi-granularity knowledge assembly strategy.

During knowledge assembly, the system dynamically selects the appropriate knowledge granularity based on query
type and user needs: for foundational concept queries, atomic-level knowledge is prioritized; for principle-related
inquiries, module-level knowledge is integrated; for summarization requests, system-level structures are generated.
These multi-granular knowledge components are logically integrated through a dedicated knowledge assembler to

ensure coherence and completeness of the output.
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4 MULTI-SOURCE KNOWLEDGE FUSION

Given the dual-source system, knowledge from proprietary and internet sources must be processed simultaneously.
Differences in expression, definition standards, and time dimensions can lead to conflicts or inconsistencies. Multi-
source knowledge fusion is crucial. To enhance system reliability and answer accuracy, this paper employs a fusion
mechanism comprising Conflict Detection and Knowledge Alignment modules.

4.1 Conflict Detection Strategy

This paper designs a multi-layer conflict detection strategy to identify and flag the following three typical types of
conflicts, shown in Table 3.

Table 3. Three canonical conflict types and resolution strategies.

Conflict Type Manifestation Detection & Resolution Strategies
Rule Conflict Differences between textbook definitions 1. Compute semantic distance between definitions
and external regulations using similarity models.
Numerical Inconsistent performance parameter 1. Standardize parameters from multiple sources. 2.
Conflict thresholds or units. Compare threshold distributions statistically. 3. Flag
conflicting values and sources.
Logical Contradictions in procedures 1. Model fault-handling procedures using process
Conflict modeling techniques. 2. Verify logical consistency with

specialized verification tools. 3. Conduct by domain
experts to identify potential conflicts.

4.2 Knowledge Alignment Strategy

Aims to integrate knowledge from different sources into a unified, consistent representation after conflict detection.

4.2.1 Terminology mapping.

Knowledge from diverse sources often employs distinct terminology systems. For instance, textbooks may use
"landing gear retraction/extension system," while online resources might describe similar concepts as "landing
gear operating mechanism.” To address this:

1. Collect extensive terminology from textbooks and web sources.

2. Engage aviation maintenance experts to review and annotate terms.

3. Establish cross-source term mapping relationships During knowledge fusion, terms from web resources are
converted to textbook concepts via this mapping table, achieving unified knowledge representation. The mapping
table requires regular updates to accommodate terminological evolution.

4.2.2 Spatiotemporal normalization.

For knowledge involving temporal/spatial information, unit inconsistencies may exist across sources (e.g., meters
(m) in textbooks vs. feet (ft) in web resources). To address this: establishing standardized units for spatiotemporal
attributes and convert all data to unified units, or preserve original units for traceability and verification.

4.2.3 Dynamic weighted fusion algorithm.

Aims to knowledge fusion, the system performs weighted averaging or weighted voting on multi-source knowledge
according to their assigned weights, yielding the final integrated result as formalized in Equation 2.
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Final Score = a-w, + B-w, + v w; (2)
Where, w,: relevance score based on semantic similarity to query, w,: weight based on source credibility score, w;:
weight for newer knowledge. o + 8 + Y = 1 (coefficients optimized via training data).

5 SYSTEM IMPLEMENTATION

5.1 Technology Stack

A prototype system for aviation education was built using open-source tools and technologies, comprising four core
modules: textbook knowledge parsing, KG and dual-source KB construction, retrieval framework deployment, and
LLMs fine-tuning for AFP knowledge Q&A, with specific implementation techniques detailed in Table 4.

Table 4. System implementation and technology stack.

Core Module Technical Essence Technology Stack
Textbook Knowledge Structuring textbook content Pdfplumber — Text Extraction
Parsing OCR — Chart Extraction
LaTeX — Formulas Extraction
KG & dual-source KB Integrating textbooks & web OpenAl — Entity/Relation/Attribute Extraction
construction resources knowledge Neo4j — KG & KB Storage
Retrieval framework Retrieval Implementation Based- Added Dual-Source collaborative retrieval
deployment on GraphRAG strategy to customize Microsoft's open-source
GraphRAG framework
LLMs fine-tuning LLMs leveraged in aviation- DeepSeek — APF knowledge Q&A

specific applications

5.2 Prototype System

I . -

| -
-

Figure 2. The dual-source AFP knowledge Q&A prototype system

Based on the above technology and software library, a prototype Dual-Source AFP Knowledge Q&A System was
built, shown in Figure 2. It features an intuitive user interface for querying, browsing, and analyzing knowledge.
Users can input keywords, questions, or natural language descriptions. The system leverages the retrieval
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framework and fine-tuned LLM to quickly return relevant results, presented with text and graphics, clearly
indicating knowledge sources. If the results do not meet the user's query, the user may either regenerate the answer
or continue questioning. Negative feedback will automatically trigger source credibility downgrading.

When tested with 500 verification questions, this system achieved Recall@5 scores of 98.1% (basic concepts), 93.5%
(deep reasoning), and 89.7% (timeliness-sensitive queries). This outperformed traditional aviation Q&A systems
(85.3%, 70.8%, 50.5% respectively), with an average improvement of 24.8%.

6 CONCLUSION

This paper proposed and implemented a dual-source AFP knowledge Q&A system based on GraphRAG, focusing on
solving problems of incomplete information coverage, incoherent instructional logic, and multi-source knowledge
conflicts in educational and professional knowledge retrieval and generation. By constructing a dual-source
knowledge system integrating proprietary textbook KBs with open internet resources, and combining KGs with
LLM generation techniques, we presented a practically valuable intelligent Q&A system architecture. The Dual-
Source Architecture successfully balances textbook authority with internet timeliness. The system architecture
features domain portability, enabling rapid adaptation to other domains by replacing textbook knowledge sources
and adjusting credibility grading criteria.
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