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[Abstract]

This paper aims to implement a Retrieval-Augmented Generation based question-answering system to
efficiently process and utilize various unstructured academic administrative documents, such as university
regulations, course catalogs, and admissions guidelines. To achieve this, a document parsing and
preprocessing pipeline was designed to accurately interpret the structure of PDF and HWP formats,
enabling generative Al models to comprehend context and generate natural responses. To overcome the
limitations of large language models (LLMs), such as token constraints and vector-based similarity
search inefficiencies, optimal chunking and embedding strategies were developed. Furthermore, a hybrid
retrieval method was integrated using the LangChain framework to improve response accuracy and
reliability. The proposed system provides university members with fast and precise access to institutional
information, enhancing administrative efficiency and offering a practical reference for future Al-driven

knowledge retrieval systems in higher education and public institutions.

» Key words: RAG, LangChain, LangGraph, Document Preprocessing Pipeline, Ranking Mechanism,
Question Answering Pipeline
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I. Introduction

1.1 Research Background
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Table 1. Al System Adoption in South Korean Universities

University Type of Al System | Adoption | Environment
Personalized Lecture Integrated
Korea . .
Universit Recommendation 2020 with campus
y System Portal System
Pusan National |\ o1, ipot 'Sanjini'| 2023 | Unknown
University
Chungnam .
National | Al Chatbot ‘Chacha’| 2025 | icrosoft
) ) Azure Cloud
University
University of | Ai Academic Advising
Ulsan System 'U-MATE' 2025 RAG
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II. Preliminaries

2.1 Related Works

2.1.1 Retrieval-Augmented Generation
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III. The Proposed Scheme

3.1 System Architecture
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3.1.1 Document Preprocessing Pipeline
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Fig. 1. Document Preprocessing Pipeline
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3.1.1.1 Document Upload, and Vector DB Storage

AAH0]X] TFHE mA|(Upstage Document Parse)=
HTML, Markdown, Text9] A 7}x] @Alog mhygh 4
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3.1.1.2 Handling Merged Cells and Internal Table
Structure
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3.1.1.3 Image Processing and Chunk File Generation

ojJA|=  UAHP|X] =FHE  m}A(Upstage
Document Parse)?] Base64_Encoding 7152 0]%8]1
179 /M Este] AAJstal, HTML mhdofA]
Figure, Figure_Chart g3} tfjisto] MUy} H=&
HEHH o]E o] A7ttt &% LLM AelgH A] U+ o]
0Jx|% mhollo] A A7t eloluelelel ESE
2] Y (Matplotlib)2 ¥t V4 A2t

HTML@EAl0 2 mAlsto] B=23F Text, Table, Figure,
Figure_Chart ;3 Z2o0f Markdown @Aloz2 mpAlsh
TableZ #7I5tH zEA0= AP F3 A R
Table 29} Zro] &

s,

Table 2. Types of Chunked Documents

Category Main included content
Document_Number : int

Text Content : HTML
Metadata : Title
Document_Number : int

Table . ..

(HTML) Content : html_orlgln.al
Metadata : {Title, CSV_Filename, Related_Texts}
Document_Number : int

Table .

(Markdown) Content : Mar.kdown
Metadata : {Title, Header, Related_Texts}
Document_Number : int

Figure Content : HTML
Metadata :{ Title, Related_Texts,

Image_Filename, Image_Path }

Document_Number : int

) Content : HTML

Figure_Chart Metadata :{ Title, Related_Texts,

Image_Filename, Image_Path }

ol2{gt QEAI(OpenAl)e]  Uuge
(Text-Embedding-3-Large)S £5f dH|dE]o], I 20}
DB(Chroma DB)o]| &|&F=lct.

3.1.2 Question Answering Pipeline (RAG Chain)

T R gazeor Aojgyel el 5848
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Fig 2. Question Answering Pipeline

3.1.2.1 Design of Ensemble Retriever
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AgEls 7190E 74 dnelel BM2SE Eslgict. ol
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AFouto 2 AZ0] BAXMO] oz & nIA 0 g2 mols}y|
oo 4 ek, oleiat ojoja] 2Alo] WelE s 9
o, LLMS 2rgelo 92 2o QA AE Vg 2712
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3.1.2.2 Ranking Mechanism and Final Document
Selection

OMAME 2] E2lH= BM25 7ZAA Aate} thE He] 7|uk &
At A Auks st 215 95 230 & A
HAL Ag AAPE g=27] giZoll, 7Rl 718t tetet
&4 LRF(Linear Rank Fusion) YAl g 3519t} 7+
Zro] AM "girlof] e o] 71EX]|E B o}o:] Ex) 7 A}
o] =5 28T & Q= AAsielen, = 2uE

AP guelFeR SUT &Y 2 Big Le

Table 3. Ranking Mechanism

Category Formula and Explanation

BTF-IDF: Term Frequency X Inverse

Keyword Search
YW Document Frequency — Top 6 docs

(BM25) ranked — Score = (6-rank)/6 % 0.3
4 queries (1 original + 3 LLM-generated)
X 6 docs each = 24 docs — Deduplication
Multi-Query — Final Score = Avg Similarity +
Similarity (Frequency-1)%0.05 + Original Query
Bonus(0.12) — Top 6 selected — Score
= (6-rank)/é6 x 0.7
Ensemble BM25 normalized scores + Similarity
Combination normalized scores for each document

Compare all documents by combined

Final Selection
scores — Select top 6 documents

5171 $iol, B AATe

jral Epepriye BM25 Score + Similarity Score (MAX: 1.0)

Score
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3.1.2.3 LangGraph-Based Answer Generation and
Self-Evaluation
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IV. Implementation

4.1 Experimental environment

= A AHL2 Anaconda 7HEHE Y Jupyter Notebook
3o A BAIl(LangChain) 2to]¥e{2| & &8st 15
gt AAE0]A] =HHE mhA(Upstage Document
Parse)& &85t ZAE /st 2 EAI(OpenAl)9] ¢
Hd 2 d(Text-Embedding-3-Large)2 J#|dsto] 22
0} DB(Chroma DB)of] AAsH93 1L, 28&]|Q1(LangChain)2k
o]82{2]Ql S 72} & (LangGraph)S &-85t0] Koot
L5 45ttt Table 49} 5= Ad 42 HEHT:

)E

Table 4. Hardware Environment

Item Value

CPU AMD Ryzen™ 5 5625U
RAM 8GB

0S Windows 11

Table 5. Software Environment

Item Value Version

\(lrtual Anaconda 24.11.3v
Environment

Language Python 3.12.7v

Vector DB Chroma DB 0.6.3v

Jupyter
IDE Notebook 7.2.2v
V. Result

5.1 System Evaluation

B ol 170m|o]R] Bako] M0255Ha & AlQIAY A7k
uqe,]— o]a}: iﬂ ]'_-H-_ = io]‘o]— _,_}\15 |;H/\01-g§ 75:._1
o3E de= BT 27]de QEAA Tl
Win32 Hwp LoaderS ARgstgout #€sr A 1 Y &
S dole & Ao gHAZE ISl OCR 7|50l $f
o A2 A2t 2oL ALl SISIck ol okt Y2
O]A] = FHE mhA|(Upstage Document Parse) 7
olzelel Eesietn, WE A B4, & A% 55, ol
A|] OCR & Aust A&7} 78Tt & 7]uH
SAE ZK1623). ololA] JI3H2EF),
50323 5 & 507k FoIg vigo,
A251 H o] Fogetoict. 2
T4 Table 6

_4

Jolgt 4714

2 Ny gyl=s 7} A|AEIQ]

o 7215t
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Table 6. Test System Specifications

No l;zlrc;i(: Chunking Method Retrieval Strategy
1 - Type: Text, Table Single Similarity
— Win32 Hwp | - File Format: Plain Searr.jh (k=3)
Loader Text Multi-query
2 HTM’L—to—Markdown similarity search +
keyword search
_ ) Single Similarity
3 Upstage .Type- Text, Table, Search (k=3)
— Figure, Figure_Chart -
Document ) : . Multi-query
- File Format: Plain L
4 Parse Text. HTML. Markdown similarity search +
' ' keyword search
53] P12 =(LangGraph) 719t /oA = "E 1 &'
o digt A1} OCR ojulx]of thgh Arof = 7el/do] £
4 oty I ZAut 94% o] 945 dHES Bk

AR 7 78RS E 90doR AAsta et
(Hallucination) @4Jof oJgt o] AL A] A== o}
Fon, 7 Y TFoNE GHE Yot Z2oE
L i

5 Number of Correct Answers by System 94%
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VI. Conclusions
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