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(Z 3) 781 248 i 2

T3 24 M B Y =
Orchestration Framework LangChain
Agent Graph Workflow LangGraph

Workflow Trace LangSmith

Data Loader & Chungking LangChain Package

Embedding Text—embedding—3—small
Vector Store Chroma
LLM GPT—4~turbo
Python 7HE! &t Google Colab

42, NAH T3 B Y An

4.2.1, 7] olBejg AX % API Key 4%

71Ez o2 HlolE £ 5 /i ANke eANE0]
A(Orchestration) 1= LangChaini} OpenAl, RAG Z]4]
A2 $13t Chroma DB, Z12]31 €] M, 9229
/d= $1%t LangGraph 5 7|2 golHe|2}E HA|jIth
E3H Colaboll A Google=gto|HE AgaiA A4 whed
2 4P BRI 5= QA Sk AMSEHe et RES
O] Keygh Hele 9fsf env 273 udof] Bz 55
alo0], Key 242 T3et eny sjolo] Hon me

B 2 <39 4>olA S 4= ek

Tl

| 'pip install -a langchain_openai langchain_community langchainhub langchain langgraph

I Ipip install -g tiktoken chromadb pypdf tavily-python

| pip install -a python-dotenv # .env file load

1 # Google Drive Connect
2 from google.colab fmport drive
ddrive.mount('/content/drive’}

Mounted at Jcontent/drive

| cd fcontent/drive/HyDrive/R4G
/content fdrive/MyDrive/RAG
1 # api key

2 from dotenv import load_dotenv # Add
3 load_dotenv() # load .env

True

(3 4) 712 2lol=2{2] HX| X APl Key BH

108 XAAFEAT H26¥ i3S

4.2.2. BA7](Retriever) &

719 W AEE s 4 5 IS pd?
#41E PyPDFLoaders ARES}o] F=ojXl ix|oflA] A
TAE 2 S BAE FHE EEske 2o, ket

HEHE 7|20 2 Halsk= 1|9l CharacterTextSplitter
AL, B 942 ELA0R o] S8 chunk sized}
chunk overlap2 Z45l+= RecursiveCharacterTextSplitter
2 A8k o] WS BN 728 H 2 vielsiol, 3
B 325 Alole] Bl 124 Bojr), wak A

Chroma HE] ZAkAof AA=]1, OpenAlEmbeddings

g3 QT Ado] ofFolck o), A T

ot
o
4

o e e
Y
1=
o
ol
o,
:o‘lf‘
Y
9|L
~N
do
%
a
g.
Kl
rE
rict
i)
s
AN
(

I fron langchain. text _splitter inport RecursiveCharacterTextSplitter
2 from langchain_openai import OpenhlEmbeddings

3 fron langchain_conmunity.vectorstores fnport Chrona

4 from langchain_openai import ChatOpendl

5
6 11m = ChatOpendl (nodel="apt-d-turbo”, temperature-0)
7 openai_embed_nodel = Open|Enbeddings(nodel="text-enbedding-3-smal |}

I from langchain. docunent _loaders inport PyPDFLoader

2 loader = PyPDFLoader("/content/drive/MyDrive/RiGdata/= T SIS pdf")

3 docs = loader. |oad(}

4

5 text_splitter = RecursiveCharacterTextSplitter(chunk_size=300, chunk_overlap=30)
f chunked_docs = text_splitter.split_documents(docs)

7 chunked_docs[ 7]

I # Load the docunents to vectorstore

2 vectorstore = Chroma. fron_document sl docunent s=chunked_docs, col lect ion_nane="rag_pdf_db|
3 enbedding=openai _enbed_nodel. )

4 retriever = vectorstore.as_retriever()

5 print(retriever)

ags=['Chroma’, ' OpenélEnbeddings’'] vectorstore=-<|angchaln_communi ty, vectorstores, chrona., Chrona obiect

(32! 5) Data Load %! Q[

4.2.3. AN2x B
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At peis 7)9E7t Eakelo] Qs A9, TN o
7] of5E el WA BEi WRE AN 3
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XA 7t QIS 95t Advanced RAG AIAE) 131

=A| oJHE YeRY7] 218l “GRADE: binary_score="yes’”
AY o]X H4RE ‘yes” E= ‘no’E Fof3ITh

| ### Inplenent the Retrieval Grader

2 fron langchain_core.prompts inport ChatPronptTemplate
3 fron langchain_core.pydantic_vl import BaseModel, Field
4 fron langchain_openai inport ChatOpendl

5 # Data model for LLH output format

6 class GradeDocunents(Bas:
7 " ME 2AM0l
binary_score: s

8

9

0 )

1# LK for grading

2 lIn = ChatOpendl (nodel="gpt-4-turbo’, temperature=0)

3 structured_| In_grader = |In.with_structured_output (GradeDocunents)

44 Prompt template f ding

5 SYS_PRONPT = 2 o AtE R = 5 TOARY s 2A2
2 oIl e

G grade_pronpt = ChatProuptTenplate. fron_nessages(
b [

ol ("systen”, SYS_PRONPT),
2 (“human®, *""2ME 2 4 :{docunent}
p3 AtERH 22 :{auestion} *"7),

Build grader chain
joc_grader = (grade_prompt | structured_lIn_grader)
int (doc_grader)

i rst=ChatPronpt Teaplate( input _var iables=["docunent ', “auestion'], npt Tenp| at e(pr onpt =Pronpt Tenplate( input _var iabl|

(32! 6) Az Wt 1

lauery = "25F SZ HEA A2MALE Lo FH"
Z topk_docs = similarity_threshold_retriever. invokelauery)
3 for doc in topk_docs:

4 print {doc.page_content )
5 print(" ")
B print("GRADE: ", doc_grader. invoke({"question”: query,
7 "docunent”: doc.page_content}) )
g print(" ")
= JIE
o5 A
2ol Sdnll HE= AR N2l JHAHE D2t
LS Eoltt HoS dE 2FEYE HEE Iz =g
P SE MEA Z2RAE
() Azelozd Aot S22 JAES &
(2) Er& cHEpl) HEE S4E RAG0F &
(3) Ch=mof HRARO HICD|Z0Z2 S8 G5
(4) Bt = DM 20 SIA EE% SHE MEaor &2
Lo
() A ga

RADE: binary_score="ves'

(T2 7) ZAtznt 2y met

CREORE <Y 83} o] FEA] RAG A2
% Ao RAG A|91S 5510} Al ofo]HES} o7
HEs Pt

Tl AT RAG A2 0§34 <18 99}
go] AnEl T AnS ek A% B 4k

SpAlRE <13 10532} o] A4l Hofit AL A
=5h “RAGO] ARV giGUTP
AR Y 4 gk RS 1T 4 9k

o2 s 9l A}»&} 982 9 &401] 223}

14 Build QA_RAG Chain

2 from langchain_core.prompts import ChatPromptTemplate
3 from langchain_openai import ChatOpendl

4 from langchain_core cutput_parsers import StrOutputParser
5 from operator import itemgetter

B# S8 dU2 HE RAG ZEZE

7 prompt = "MUEMZ Mol 2H AAL Assistant RLILCH

8 CtS ZAE Context TS ALE3M EE0 B2 A,
9 e gL H2 Z2E FF0ls g2 ZECL gHE.

10 HEE Contexttll sHESHA Bt= T E#2 FHSHAl Oty

11 G FEA Contextafo] Nullo|P 'RaGo| RHEZ =2t SlsUch 2D 9
12 220l CHEr RHMISHEA &ofst SHZE di=HMa.

13 Question: {auestion}

14 Context: {context}

15 Answer:

18 n

17 prompt_template = ChatPromptTemplate. from_template(prompt)

18 # GPT-4-turbe AZE H3|&

19 1im = ChatOpenhl(model_name="apt-4-turbe', temperature=0)

20 M =22 AYAE BPHE 22t O ME

21 def format_docs(docs):

22 return "#in#in" . join(doc.page_content for doc in docs)

23 # QA RAG chain 4

24 ga_rag_chain = (

25 1

28 "context": (itemgetter('context')),

27 "question": itemgetter('question')

28 b | promet_template | Ilm | StrOutputParser())

iy
o

(32 8) ZOISE RAG HI2

| query = "2S A MAAl ROFAFSE Q"
2 topk_docs = similarity_threshold_retriever.invoke(query)
3 result = ga_rag_chain. invoke(

4 {"context”: topk_docs, "guestion”: queryl

5)

Bprint{result)

2t
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124 K
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=
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=
©
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D\ \ Chel 24aimel 7\—3 e génwor ELICH
f2l == DM EHLS FA ZE=E & STE ERI0IL DB SHEE FA EEE e

Ol24E AFEE2 ZE XA M0, LT S0 Hele LS ESTTHE HE2A22He

1 auery = "SEEo| Rl o] Fo0| LAH"

2 topk_docs = similarity_threshold_retriever.invoke(auery)
3 print{topk_docs)

4 result = ga_rag_chain. invoke(

5 {"context”: topk_docs, "auestion": query}

6)

Terint(result)

usr/local/lib/python3.10/dist-packages/langchain_core/vectorstores/base.py: 784: Userllarning: Relevance scores
warnings.warn(
usr/local/l ib/pythen3. 10/dist-packages/|anachain_core/vectorstores/base.py:796: Userllarning: No relevant docs
warnings.warn(

0
AGH| B A PO GELICt.

3z 10)

SHEHE[X| P52 EE0ll Chet B X2

275 AR d(question rewriting)ato] Hof|A] ZlFo] T

3t o S AHAE ARE oL g 28 Hke 2 9]

o “wgo] i Ate] o] R Ay B A

ol tiste] JHAE HEo R “ulEgto] x|k gt

o] Aak3} o]z Aujolr}a e} o] ZAE AL Bt
3}

e 4= 3tk
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e

rewriting - LLM @ 22E APEA H2lE 2@ Zo HAEEE DEez WAd
ChatOpenAl (model="gpt-4-turbo", temperature=0)

& rewriting - Prompt template
S| OMPT = "HE RS A2
-z gz A

2
- @ t

S0 A

El L2 Hdez gEstha
YHED 2 AOEH /0l il FESM 2

sz e

=
2

1

2

3

4

5

i

7

8 re_write_prompt = ChatPromptTemplate.from_messages(
9

0 ("system", SYS_PROMPT),
1

2

3

4

[l

I ("human", """EI| H2:

I {auest iont

I JdE 2g He

t b

s )

N6 ]

7

16 # rephraser |2 444

19 question_rewriter = (re_write_prompt| Ilm | StrOutputParser(})
Tauery = " EE0| s el Fol TAF"

2 question_rewriter. invoke({"question": auery}}

1 ##4 Implenent the hallucination grader
z from langchain.prompts import PromptTemplate
3 from langchain_core.output_parsers import JsonOutputParser

4 prompt = PromptTemelate(

5 template 20| USR] OfFE 2
3 &2t o LIERUDl 3l 01Tl = *
7 20| A=F P 'ves'E BIIGID
8 Provide the binary score as a JSON with a
9 single key ‘score’ and no preamble or explanation

10 Here

the facts

12

13

14 Here is the answer: {generation} """

15 input_variables=["generation", "documents"],

16)

17 hallucination_grader = prompt | Ilm | JsonOutputParser()
18

19 # Run

20 generation = rag_chain.invoke({"context": docs, "auestion": auery})
21 hallucination_grader_response = hallucination_grader. invoke({"documents": docs, "generation": generation
22 print(hal lucination_grader_response.

‘score’: ‘no’

(3 12) 22 o et

ofF, THlo] WL sUTH: ol F8UA B

<19 13>} o] Hrfsh= TS AR Hio] AR

il

= sk H F-83HA RS HehlZ] S8 0%l A
o fyes” = ‘no’E Fofeitt.
#it# Inplement the Retrieval Grader : A0 AISA 22Dt AHE 1At ZE0T Bt

Here is the answer: {generation} """,
2 input_variables=["generation", "documents"],
3)

14 retrieval_grader = prompt | IIm | JsonOutputParser()

6 # Run

7result = rag_chain.invoke({"context": docs, "auestion": auery})
18 retrieval_grader_response = retrieval_grader.invoke({"documents": docs, "generation": result})
19 print(retrieval_grader_response)

‘score': 'yes'}

4.2.4. Agent RAG Graph A9

o U @S dAs7] 98l s Aol Tavily AP
£ AMES7I 918l APIof| thgt d1dS =& itk el
<% 14>9} o] Agent®] Tl AFEiE A olsh=t
GraphState()= 12|32 0] Z} =-Tof] A== Ale] X

B g AR 7} s ks Bolehs S Tk

{

.

T# 8 AN g 2C
2 from langchain_community.tools.tavily_search inport TavilySearchResults
Sweb_search_tool = TavilySearchResults(nax_results=2. search_depth="advanced', max_tokens=5000)

| #Define the Graph State

2 from typing_extensions inport TypedDict
3 from typing import List

4

5 #4# State

G class GraphState(TypedDict)

7

JaM= e e,

Attributes
question: E2

generation: LLH S& &4

M
web_search_add: @ ZHA =3t ({2 E LIEHN= flag - ves E£= no

=2t
documents: HHAE BH 25

question @ str
generation i str
web_search_add : str
documents ¢ List[str]

(2 14) & A= I Agent Graph State O

EREEE T

Agent RAG Z18|Z+= Retrieve, grade documents,
rewrite_query, web_search add, generate answer 52| lr=2

T = Uk ofRl lE5E 77 A HA(retrieve),
T4 H7Hgrade documents), 2= |2 (rewrite_query),
A M (web_search add), B A8Ad(generate answer)o]
2= B4 71558 49stt) State= ThoFs =5 A A
A= HAXe] Hee R, ofo]dE Tejjso] HA

A UERiE of8he S <9 15504 mol,

| s = = E o) sid

ZHHEAZENHMN 2H 2

3 from langchain.schema fnport Document

4 def retrieve(state):

5

g AHAEHH M S A

7 Args:

B state (dict): M = Zef

g9 Returns:

0 state (dict): HME M2 ZEE e, MU M 2 =30
1

2 print("---YectorDBHl A =4 ---")

3 question = state["guestion"]

4 # Retrieval

5 docunents = similarity_threshold_retriever. invokelquestion]
] return {"decuments”: documents, "question": auestion}

(:,_F'_I 13> l:H:l:lO KX 0:| I |-

—1oco ——

110 XAASEAT H263 H3S

(3! 15) Retrieve Node Graph 781 of



XA 7[EH QUIHME 1St Advanced RAG AJAH! 7151 Hitd

Retrieve ==tz W] go]ejuo] 2ol kel AgAe
EAE 70 715 ROt gtk TR, U
uX) EEE 2710] 7] gHe Sea gojdh

4.2.5, Agent RAG Graph 3¢

Agent RAG I3 Z+= LangGraph& Alg-5}o] G185}
o oA AldofA Aol FpES ARSI 1L
£ kL ZF kEo| IR 7lsS TRk A
O 2, Retrieve == A FA 752 HEEH, o] =
EE ARRCR slo] Al H7E Ao At 5] Hef
gk Ae pAchs leEEo] AR oR AdE of
2ot ke=E 7HY] o WA= HoE YEZEl
=] Agent:= Retrieve ==& S E3}= action
}1, 71 23S Stateo]| 7)5ke] T &2
gel woR B <1% 16> B,
StateGraph Z&|2~= o|2gt State 7|5 1| 2& T}
5, Agente] A5 588 Aojae o] Mk 2 5
A TEL Agenth 84 4 H1E ek, 1 27
of whel ch: et H1E el
Holgick
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I fron langgraph,graph inport END, StateGraph

2 workflow_agent_rag = StateGraph(GraphState)

3 # Define the nodes

4 workflow_agent _rag.add_node("retrieve’, retrieve) # retrieve

5 workflow_agent _rag.add_node("grade_documents", grade_documents) # grade docunents
6 workflow_agent _rag.add_node("rewrite_query”, rewrite_query) # transform_query

7 workflow_agent _rag. add_node("web_search”, web_search] # web search

9 workflow_agent _rag. add_node("oenerate_answer”, generate_answer) # generate answer
9% Build graph

10 workflow_agent_rag. set_entry_point("retrieve")

11 workflow_agent_rag.add_edge("retrieve”, "grade_docunents")
12 workflow_agent_rag. add_conditional_edges("grade_docunents”, decide_to_generate,
13 {"rewrite_query”: “rewrite_query’, "denerate_answer’: "generate_answer'},)

14 workflow_agent_rag. add_edae("revrite_auery”, "web_search")
15 workflow_agent_rag. add_edagel("web_search”, “"generate_answer”)
16 workflow_agent_rag.add_conditional_edges(

17 "generate_answer”,

8 grade_generation_v_documents_and_question,
19 {

20 "not supworted”: "generate_answer",
21 “useful "t END,

22 “not useful": "web_search”,

23 Do

24 )

25 # Conpl e

26 workflow_agent_rag = workflow_agent_rag. conpilel]
(T2 16) EHMHES 2ol Z2427] 2 Node™e| &
Graph 44

Retrieve == o]%ofl= Fx]9] H7grade documents)
£ "33l generate "= web_search 2}¢}-& AL, 282t
o] AeE ut HFAor AYS vRFESHAL Agent
2 Boprle 3e maich o Be B3k Axw
Ailo) 5ES P o] A 4 slow] HEHe
2 YAE=29E Fudsto] A3 7hest okEe Aol
= etk oA AH YaERs= <Td 17>
7

7o) IPython.displayS ARESHo] AlZ}sker 4~ Qlch

| from IPython.display inport Image, display, Markdown
2 display( Inage(workflow_agent _rag.get _graph(). draw_nernaid_png(]))

| __start

l

‘ retrieve
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grade_documents
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rewrite_query |
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| web_search

L A :
not useful -
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generate_answer <

useful
A 4

wend

(32! 17) i MM Graph
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Tauery = "25 SZ MA Al ZHOFALEE A

2 response = workflow_agent _rag. mvoke({ question”: query})

Jprint(*+ AZEEZ ¢ "+ query)

dprint("s MEAE ZE2 : "+question_rewriter.invokel {"aquestion”: queryl))

5 display(Markdown(responsel generation’]))
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( Abstract )

A Graph—Agent—Based Approach to Enhancing
Knowledge—Based QA with Advanced RAG

Cheonsu Jeong

This research aims to develop high-quality generative Al services by overcoming the limitations of existing Retrieval-Augmented
Generation (RAG) models and implementing an enhanced graph-based RAG system to improve knowledge-based question
answering (QA) systems. While traditional RAG models demonstrate high accuracy and fluency by utilizing retrieved
information, their accuracy can be compromised due to the use of pre-loaded knowledge without rework. Additionally, the
inability to incorporate real-time data after the RAG configuration leads to a lack of contextual understanding and potential
biased information. To address these limitations, this study implements an enhanced RAG system utilizing graph technology.
This system is designed to efficiently search and utilize information. In particular, LangGraph is employed to evaluate the
reliability of retrieved information and to generate more accurate and improved answers by integrating various information.
Furthermore, the specific operation method, key implementation steps, and case studies are presented with implementation
code and verification results to enhance understanding of Advanced RAG technology. This research provides practical

guidelines for actively implementing enterprise services utilizing Advanced RAG, making it significant.

Key words: Advance RAG, Agent RAG, Knowledge retrieval, Generative Al, LangGraph
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