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Phan I: RAG Chatbot va Langchain

1 Giai thich thuat ngt

Khi trong bai c¢é tit ngit chuyén nganh khé hiéu, ta c¢6 thé xem giai thich chi tiét mot s6 thuat ngit quan
trong dudi day:

« Parse (Phéan tich cii phap): La qué trinh chuyén chudi ky tu thanh ciu tric dit liéu.Parse
(Phu luc)

« Protocol (Giao thitc): Tap hop quy tac giao tiép giita cac hé théng.Protocol (Phu luc)

o Synchronous vs. Asynchronous: Lién quan dén thdi diém thuc hién tdc vu.Synchronous
Asynchronous (Phu luc)

2 Md dau

2.1 M6 ta bai toan

Trong k¥ nguyén ctia mo6 hinh ngén ngit 16n (LLM), viéc xay dung hé théng hoi-dap thong minh tir tai
liéu ca nhan hosic doanh nghiép dang trd nén phé bién. Tuy nhién, cic LLM nhuw GPT-4 hay Gemini von
khong c6 quyén truy cap triuc tiép vao tai liéu riéng 1& (nhu notes hoc tap, bdo cdo tuan, hgp dong noi
bo, v.v.). Diéu ndy dan dén nhu cau xay dung cdc hé thong truy hoi két hop sinh (Retrieval-Augmented
Generation — RAG), gitip LLM “nhé” ding nhiing gi ngudi dung cung cap.

2.2 Nobi dung bai viét

Trong bai viét nay, ching ta xdy dung mot Web App don gidn, st dung Streamlit, mot thu vién gitp
xay dung Ul mot cach nhanh chéng, va mo6 hinh RAG, mét ky thuat xit Iy ngén ngit cho phép ngusi
dung hoi ddp dya trén ndi dung tir cdc Notes (vi du: M1W1_Wednesday.pdf) thudc chuong trinh hoc
AIO Conquer 2025. C4c bude thuc hién bao gom:

e Ngudi dung tai tai liéu PDF 1én giao dién Streamlit.

« Hé théng sit dung PyPDFLoader dé phan tich noi dung vin ban.

« Vin ban duge chia nhé thanh céc doan (chunk) khodng 500 tokens bing SemanticChunker.

« MBoi doan duge ma hoa thanh vector bang HuggingFaceEmbeddings, luu trong vector DB Chroma.

o Khi ngudi dung dit cau héi, hé théng truy hoi cdc doan lién quan, két hop vao mot prompt, roi
gtti dén LLM dé sinh ra cau tra 16i phu hop theo ngit canh.
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Hinh 1: Ludng dit lidu va thanh phan chinh cta tng dung RAG trén Streamlit

N6i dung bai viét khong chi dimg lai & viéc xay dung Gng dung, ma con tép trung vio viéc giai
thich tong quan mo hinh RAG — céc thanh phan ¢t 161, nhitng khé khin khi xay dung RAG bang cong
cu cd ban, va vi sao can mot framework nhu LangChain dé don gidn héa va chuan héa quy trinh.

Muc tiéu bai viét 13 gitip ngudi doc — dic biét 14 ngudi méi bat dau — tiép can RAG mét céch
can ban, cé hé théng, dua trén tu duy First Principle Thinking: bit dau tit bai toan thuc té, x4c dinh
van dé ton tai, roi ting bude di dén gidi phap téi wu véi LangChain.

3 LangChain framework cho xay dung hé théng RAG

3.1 Céc thanh phan cbt 16i cia RAG

Dé hiéu vi sao LangChain lai hitu ich trong viéc xdy dung hé théng RAG, trude tién ta can nim 16 cic
thanh phan cbt 16i ctia m6 hinh nay.

« Retrieval (Truy hoi): Sau khi ngusi diing hoan tat viéc tai tai liu 1én Vector Database va bt
dau héi, RAG sé truy van cidc doan viin ban lién quan nhat t6i cau héi sit dung théng tin clia vin
ban dugc Embedding trong Vector Database.

« Augmentation (Ting cudng ngit canh): Gitip mo6 hinh LLM hiéu hon vé ngit cAnh bang cich
két hop cdc doan text duge truy hoi trong budce Retrieval, vi du dau ra ho#ic yéu cau di kém ngudi
diing muén vao prompt.

o Generation (Sinh ngdén ngw): M6 hinh ngon ngt 16n (LLM) nhan prompt ¢6 kém ngt cdnh
trong budc Augmentation va sinh ra cau tra lGi.

Tai sao dung RAG? Cho phép cau tra 16i duge dya trén dit liéu thyc té, giam hallucination
va hd trg cdp nhat théng tin méi ma khong can fine-tuning lai toan b6 mo hinh.
Mot hé théng RAG co ban thudng bao gom:

1. Text Loader: Trich xuat van ban tit cAc nguon nhu PDF, TXT, DOCX, v.v.

2. Text Splitter: Chia nhé vin ban thanh cic doan ngan, khoéng qua dai dé phit hop véi gi6i han
dau vao ctia mo6 hinh.
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3. Embedding Model: Ma héa mdi doan thanh vector bang mé hinh hoc méy (vd: all-MiniLM,
Instructor, v.v.).

4. Vector Database: Luu trit cidc vector dé c6 thé truy hdi nhanh nhitng doan gan nhét véi cau
hoi.
5. Retriever: Tim cic doan lién quan nhat dua trén cau héi clia ngusi dung.
6. Prompt + LLM: Ghép céc doan duge tim thiy vao mot mau prompt, r6i giti dén md hinh ngon
ngit dé tao cau tra 1oi.
3.2 VAan dé tén tai khi xAy dung mé hinh RAG (khong dung framework)
Maic du y tudng cia RAG kh4 don gidn, nhung néu ta 1a ngudi méi va tu xdy dung hé thong tit dau,
sé gap nhiéu khé khan. Dudi day 1a cic van dé phd bién ma nhiéu ngudi méi gap phai:
1. Thiéu chuan héa quy trinh:

o Khong cé “hudng di ro rang” nén dé bi lac gitta viéc: nén x Iy van ban trudc hay lam
embedding trudc? Nén luu vector ¢ dau?

o D& viét code i rac, khé kiém soét pipeline tong thé.
2. Li khi két ndi cic budc thii cong:

o MBodi bude (load — split — embed — luu — truy vAn — prompt — goi LLM) can thu vién
riéng.

« Vi du: dung PyPDF2 dé load, sentence_transformers dé embed, FAISS dé luu vector — khé
dong bo.

« Viéc truyen dit lidu gitta cic bude ciing dé bi 16i do dinh dang khong dong nhét.

3. Viét prompt thii cong tén thsi gian:

o« Ta phéi tu viét prompt dé dam bado LLM hiéu ngit canh, tranh tra 15i ngoai 1é.

« Khi ting s6 doan truy hoi, prompt ciing phai duge chinh lai — dé gay 18i hosic r6i logic.
4. Khé mdé rong hoac tai s dung pipeline:

« Néu ta mubn thay thé embedding model, ho#ic chuyén tit Chroma sang FAISS, phai chinh lai
nhiéu doan code.

« Viéc tai stt dung workflow trong project khic gan nhu phai viét lai tir dau.
5. Khong dé chay song song hoic debug tirng buéc:

« Ta khong thé theo doi dau ra timg bude (vi du sau khi chunk, sau khi embed, sau khi truy
hoi).

« Khi c6 15i (vi du truy hdi sai doan), khé biét nguyén nhan nam & budc nao.
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3.3 Giai phap ma LangChain dwa ra

Mot trong nhitng diém manh ndi bat ctia LangChain 13 viéc xdy dung mdi thanh phan trong RAG
thanh mo6t Modular Component — nghia 14 méi buéc nhu:

o Tai tai liéu (DocumentLoader)
o Chia nhé van ban (TextSplitter)

o Ma hod thanh vector (Embeddings)

Luu trit/truy van (VectorStore, Retriever)

o Khai bdo LLM (LLM)

o Sinh cau tra 16i st dung LLM (LLMChain)

déu duge déng géi dudi dang mot Class riéng biét. Diéu nay mang lai 3 1oi ich quan trong:
o Tai st dung: Dé téi sit dung ting thanh phan trong nhiéu ting dung khéc nhau.

« Kiém thitr dé dang: C6 thé test ting budc doc lap (vi du: kiém tra chi TextSplitter hoic
Retriever).

« Thay thé linh hoat: Chi can thay 1 class 1 c6 thé chuyén tit mé hinh OpenAlI sang HuggingFace
hoiic thay FAISS bang Chroma ma khong anh hudng toan bd hé théng.

Ngoai ra, LangChain don gian héa va t6i wu quy trinh xdy dung hé théng bang cich sit dung mot
16p x4y dung goi 13 Runnable: 16p bao boc (wrapper). Thay vi chi viét cdc ham thi cong nhu
Python thong thuong, LangChain st dung object Runnable nhu mot 16p bao (wrapper) gitp ta:

« Bién moi thao tac (dui don gidn nhu mot ham lambda) thanh mot “khéi logic” cé thé:

— chay doc 1ap (RunnableLambda)

“l??

— xau chudi cdc ham st dung RunnableSequence vdi ky hiéu , hoat ddng tuong tu pipe

trong Unix/Linux (vi du: funcl | func2)
— chay song song (RunnableMap) cho phép xit Iy céc ham mot cach déng bé (synchronous)
hodc bat dong bo (asynchronous) ma khéng can viét thém logic phiic tap

o Viéc dbi gop cac ham nhu mot khéi logic cho phép ngudi phat trién tu duy theo ludng (pipeline)
r0 rang.

Khéc v6i cach viét ham truyen théng, Runnable gibng nhu “block LEGO théng minh”: dé lap, dé
thay, dé mé rong. Ngoai ra, ta cling c6 thé xem thém phan giai thich vé synchronous va asynchronous
trong phu luc dé hiéu ro vi sao viéc chuyén doi gitta 2 kiéu thuc thi nay 13 quan trong trong xay dung
ing dung quy mo 16n.

Vi du:

1 # Traditional function
> def upper(text):

3 return text.upper ()
4

5 # LangChain Runnable Function
6 from langchain.schema.runnable import RunnablelLambda

8 runnable_upper = Runnablelambda(lambda x: x.upper ())
9 runnable_upper.invoke ("langchain") # Output: LANGCHAIN
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Tuy doan code nhin c6 vé dai hon, nhung khi ta mudn két hgp nhiéu buée thanh pipeline, chay dong
thoi trén nhiéu input, ho#ic debug ting budc giita chain, thi hé théng Runnable tré thanh céng cu cuc
ky httu ich va dé md rong.

Hb trg sin hang chuc thu vién phd bién:

e Vi du: ta c6 thé ding FAISS, Chroma, Weaviate,... chi v6i vai dong code thay vi cAu hinh thii
cong.

e Tuong tu v6i OpenAl, HuggingFace, Claude, v.v.

T6i wu kha ning md rong: Ta c6 thé mé rong tit mot ing dung RAG don gidn sang hé thong da tac
nhan, phan nhanh, tich hgp phan hoi ngudi dung (feedback loop) ma khong phai viét lai toan bo code.
Tich hgp dé dang vé8i cac framework UI nhu Streamlit, Gradio: Ta c6 thé két ndi backend
LangChain vé6i frontend dé dang qua API hoic truc tiép embed trong app Streamlit.

A9

Tém lai: LangChain khong phai 1a cong cu “thay thé” cdc thu vién co ban, ma 1a framework két noi
ching theo mo6t cach mach lac, mé rong dugce, va gitp ta tdp trung vao logic thay vi xt ly tiung bude
nhé. Nho d6, chi v6i 5-10 dong code ta da c6 duge full RAG pipeline, dé maintain va mé rong thém
tinh nang (chaining, branching, agents...).

3.4 Giai thich cac syntax co ban ciia LangChain

Trong LangChain, cic Runnable 13 nhitng khdi xay dung co ban, méi Runnable dai dién cho mot tac
vu ho#ic hoat dong don 1é. Vé ban chat, mot Runnable 14 mot dbi tugng Python dudge thiét ké dé t6i wu
héa ham ctia ta bang céch sit dung tinh song song.

Khai niém chinh vé Runnables trong LangChain

o Tinh mé dun (Modularity):
Madi Runnable la mét khéi xdy dung dai dién cho mot nhiém vu hodc thao téc don 18. Cac
nhiém vu nay c6 thé bao gdm chay mét LLM (Mo hinh Ngon ngit Lén), xtt 1y dit liéu hosic
xau chudi nhiéu hoat dong lai v6i nhau.

« Tinh két hgp (Composability):
Nhi¢u Runnable cé thé dugc lién két v6i nhau dé hinh thanh mét chudi (pipeline). Diéu nay
cho phép xay dung céc quy trinh lam viéc phitc tap tit cidc thanh phan nhé hon, cé thé tai
st dung.

o Tinh tai st dung (Reusability):
Céc Runnable cé thé dugc téi sit dung trong cic quy trinh lam viéc khic nhau.

« Thyec thi bidt ddng bd (Asynchronous Execution):

Céac Runnable c6 kha nang thuc hién cic tdc vu mot cich song song, ting hiéu suat cho cac
tng dung.
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Céc thanh phan API cbt 16i

1. Runnable: Lép co s8 (Object)

Runnable 1& 16p co s6 cho tat ca cac thanh phan cé thé thuc thi trong LangChain. Ta cé

thé ké thita tit 16p nay dé tao cac thao tac tity chinh ctia minh.
from langchain.schema.runnable import Runnable
class MyRunnable (Runnable) :
def invoke(self, input):
return input.upper ()

runnable = MyRunnable ()

result = runnable.invoke("hello world")
print (result) # Output: HELLO WORLD

2 result = runnable.invoke("LangChain is awesome")

print (result) # Output: LANGCHAIN IS AWESOME
Code Listing 1: Vi du vé Runnable cd ban

2. RunnableMap:

Tuong tu nhu ham map() trong Python, RunnableMap thic thi nhiéu Runnable bén trong

né mot cach song song va téng hop két qué clia ching.
from langchain.schema.runnable import RunnableMap
runnable_map = RunnableMap ({

"uppercase": lambda x: x.upper(),

"reverse": lambda x: x[::-1],

b

result = runnable_map.invoke("langchain")
# Output: {'uppercase': 'LANGCHAIN', 'reverse': 'mniahcnagL'}

Code Listing 2: Vi du vé RunnableMap

3. RunnableSequence:

RunnableSequence 4p dung titng Runnable mot cich tuan tu vao dau vao.

from langchain.schema.runnable import RunnableSequence

runnable_sequence = RunnableSequence ([
lambda x: x.lower (),
lambda x: x[::-11],

ID)

result = runnable_sequence.invoke("LangChain")
# Output: 'miahcnag'

Code Listing 3: Vi du vé RunnableSequence
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4. RunnableLambda:

RunnableLambda 14 Runnable don gidn nhat, dung dé géi gon mot ham lambda thanh méot
d6i tuong Runnable.

from langchain.schema.runnable import RunnableLambda

result = uppercase_runnable.invoke("langchain")
5 # Output: 'LANGCHAIN'
6

1
2
3 uppercase_runnable = RunnableLambda(lambda x: x.upper())
|

Code Listing 4: Vi du vé RunnableLambda
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Vi du: Huéng tu duy cho bai toan phin biét cam xtc st dung LangChain

Bai todn: Xit Iy phan hoi ctia khach hang, phan loai cdm xtc va tém tat né.

1. Dau tién can tao mot ham phan loai cAm xtic (néu chita tit "good” thi 1a Positive, ngugc lai
la Negative), stt dung RunnableLambda.

2. Sau d6, xdy dung prompt va stt dung LLM dé tao ban tém tét bang PromptTemplate két
hop v6i RunnableSequence.

3. Cudi ciing, két hop ca hai budc trén bang RunnableMap dé cé hai dau ra: phan loai cdm xtc
va tém tit.

| from langchain.prompts import PromptTemplate

2 from langchain.llms import OpenAl

3 from langchain.schema.runnable import Runnable, RunnableSequence, RunnableMap,
RunnableLambda

5 # Define individual Runnables
6 sentiment_analysis_runnable = RunnableLambda (
7 lambda text: "Positive" if "good" in text.lower() else "Negative"

8 )

10 # Use OpenAI as the example LLM (requires API key configuration)
11 11m = OpenAI(openai_api_key="YOUR_OPENAI_API_KEY")

13 # Create a summarization prompt template and connect it to the LLM

14 summarization_runnable = PromptTemplate (

15 input_variables=["text"],

16 template="Summarize this paragraph: {textl}"

i7 ) | 11lm # "|" is the pipe operator in LCEL (LangChain Expression Language)

19 # Combine both steps into a pipeline

20 pipeline = RunnableMap ({

21 "sentiment": sentiment_analysis_runnable,
22 "summary": summarization_runnable

23 })
I

25 # Sample input to test the pipeline
26 feedback = "The product quality is excellent and exceeds expectations."
27 result = pipeline.invoke (feedback)

29 print (result)

30 # Expected output:

# {

# "sentiment": "Positive",

33 # "summary": "The product quality is outstanding."
#

Code Listing 5: Vi du vé quy trinh lam viéc két hop cdc Runnable

10
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4 Xay dung mo6 hinh RAG s dung LangChain

4.1 Xac dinh vAn dé co ban
“Lam thé nao dé hé théng LLM cé thé tra 1oi chinh xédc dua trén noi dung tai liu PDF ma
khong phai fine-tune toan bé md hinh?”

4.2 Phan tich cic vin dé cta timg thanh phan ctia RAG

4.2.1 Chunking (Chia nhé van ban)

Muc tiéu: Chia moi tai lieu dai thanh cdc doan nhé phi hop vdi Context Window citia mé hinh LLM
(khoéng 400-600 tokens) sao cho m&i doan van giit nguyén mét ¥ chinh hoan chinh, dé LLM d& nim
bit va khong vudt qua giéi han dau vao.

VAn dé thudng gip:

o Chia theo sb ky tu ciimg nhéc: cat ngang cAu, lam mat ngit nghia.

o Chia theo cAu mdi lan mot: néu mot cau qua dai, van vuot token; néu qué ngin, mat ngit canh.
Giai phap LangChain:

« SemanticChunker dua trén embedding dé tim “ngudng ngat” tai noi ndi dung thay déi chi dé ro
rang.

o Vi du: véi tai litu vé “Lap trinh huéng d6i tugng”, SemanticChunker sé wu tién cat sau khi két
thiic mo td mot khai niém (vi du: sau doan giai thich vé tinh déng géi), thay vi gitta cadu hodc
gitta danh sach thudc tinh.

e Tham s6 breakpoint_threshold_amount=95% nghia la chi tao ngit & vi tri d6 tuong dong ngit
nghia giam xubéng dudi 5% so véi diém cao nhat; gitp gitt mdi chunk chita ¥ lién quan.

« Tu dong thém metadata nhu page_number va section_title dé ban biét 6 chunk dé nam & dau
trong tai liéu gbc.

4.2.2 Retrieval (Truy hdi théng tin)

Muc tiéu: Tim nhanh cdc doan chunk lién quan nhat t6i truy van, dua trén diém tuong dong ngit nghia
gitta cdu hoi va chunk.

Van dé thudng gip:

 Diuing keyword matching (so khép tit khéa) dan dén bé sét cdc cau vin diing tit dong nghia.
o Truy van toan bo kho dit liéu 16n: ton thoi gian, do tré cao.

Giai phap LangChain:

« Ma héa chunk st dung mé hinh Embedding tiéng viét va truy van thanh vector bang HuggingFaceEmbeddings
(vi du bkai-foundation-models/vietnamese-bi-encoder), sau d6 so sanh cosine similarity.

11
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e Vidu: cAu hdi “Tai sao can déng géi (encapsulation)?” & truy hoi duge chunk chita “Encapsulation
gitp an dit liéu bén trong déi tugng, chi cho phép truy cap qua phuong thitc cong khai.” du khong
c6 tu “dong gbi” nguyén van.

« Sit dung Chroma.from_documents(...) dé xidy dung vector store; truy van qua retriever =
vectordb.as_retriever (top_k=5) dé chi liy 5 két qui gan nhat.

e HO trg filter metadata: vi du chi 14y chunk tit chuong “Khéi niém OOP?” hoic chi lay tit trang
2-5.
4.2.3 Generation (Sinh cau tra 16i)
Muc tiéu: Két hop céc chunk truy hdi va cAdu héi vao prompt, roi dung LLM dé sinh ra cau tra 15i chinh

xéc, gitt dinh dang mong mudn.

VAn dé thudng gip:

« Dua qud nhiéu context khién prompt tran token.
e Prompt thiéu cau tric: LLM tra 15i lac dé hoac khong ding dinh dang.
Giai phap LangChain:

Dung PromptTemplate dé dinh nghia miu r6 rang, vi du:

"Dua trén cic doan sau: {context}
H6i: {question}
Trd 18i dudi dang JSON vdi ba trudng: {"context", "question", "answer"}."

Chén budc RunnableMap(...) dé tach riéng xit Iy context va question, sau d6 ndi véi LLM qua
ky hiéu |.

Dung JsonOutputParser () dé dam bao két qua LLM luén & dinh dang JSON hop 1é.

Vi du két quéd tra vé:

{"context": "...Encapsulation gidp an dit liéu...",
"question": "Tai sao cdn déng gbéi?",
"answer": "Doéng gbéi giGp bdo mdt va modular hda code."}

4.3 Quy trinh thyc hién tirng Module

Chon thiét bi tinh toan (get_device)

Vin dé: Phai xac dinh xem GPU c6 thé ting toc hay khong. Néu ding CPU mic dinh, téc d6 sé rat
cham khi chay embedding hay inference LLM.

Gidi phdp: Tu dong kiém tra CUDA availability, uu tién GPU, néu khéng c6 thi fallback vé CPU.

1 def get_device():

2 device = torch.device("cuda" if torch.cuda.is_available() else "cpu")
print (£"Using device: {devicel}")
return device

Code Listing 6: Chon thiét bi tinh todn

12
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Tai mé hinh embedding (load_embeddings)

Vin dé: Can bién mdi doan vin thanh vector dé so sanh ngit nghia, dong thoi chon model embedding
phtt hgp véi ngdn ngit tiéng Vieét.

Gidi phdp: Diing HuggingFaceEmbeddings vdi mot mo hinh bi-encoder da tién huin luyén cho tiéng
Viét dé dam bdo chat lugng vector tot.

1 def load_embeddings ():

2 # Initialize HuggingFaceEmbeddings:

3 # - model_name: the name of the bi-encoder model on HuggingFace Hub, which supports
Vietnamese

! # ("bkai-foundation-models/vietnamese-bi-encoder")

5 # - embeddings will be used to encode chunks into semantic vectors

6 return HuggingFaceEmbeddings (
7 model_name="bkai-foundation-models/vietnamese-bi-encoder"

8 )
Code Listing 7: Tai embedding model v6i comment gidi thich

Tai va cAu hinh LLM (load_11m)

Vian dé: Mudn sinh cau tra 10i, can load mo6 hinh causal LM da huan luyén sin, t6i wu bo nhé va gan
token dé xac thuc véi HuggingFace.

Gidi phdp:
e St dung cAu hinh quantization 4-bit (BitsAndBytesConfig) dé gidm footprint trén GPU/CPU.
o Tu dong load token ti file token.txt dé bdo mét API key.
e Dung transformers.pipeline cho task "text-generation".
« Boc pipeline vao HuggingFacePipeline ctia LangChain dé dé& tich hgp véi cic Runnable.

1 def load_llm(model_name):

2 # Check for the token file and read the HuggingFace token for authentication
3 token_path = Path("token.txt")
4 if not token_path.exists():

5 raise FileNotFoundError ("Missing HuggingFace token.txt")
6 hf_token = token_path.read_text().strip()

8 # Configuration for 4-bit quantization:
9 # - load_in_4bit: enable 4-bit mode
10 # - bnb_x*x: custom parameters for quality and speed

11 bnb_config = BitsAndBytesConfig(

12 load_in_4bit=True,

13 bnb_4bit_use_double_quant=True,

14 bnb_4bit_compute_dtype=torch.bfloatl6,
15 bnb_4bit_quant_type="nf4"

# Load the pre-trained causal LM model:
# - model_name: repo name on HuggingFace (e.g., "google/gemma-2b-it")
20 # - quantization_config: the 4-bit configuration from above
# - low_cpu_mem_usage: optimize memory usage when loading the model
# - device_map="auto": automatically distribute the model between CPU/GPU

13
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# - token=hf_token: authenticate access to private repos if needed
model = AutoModelForCausallLM.from_pretrained(

model_name,

quantization_config=bnb_config,

low_cpu_mem_usage=True,

device_map="auto",

token=hf_token

)

# Load the corresponding tokenizer and set pad_token to be the same as eos_token
tokenizer = AutoTokenizer.from_pretrained(model_name)

tokenizer.pad_token = tokenizer.eos_token

# Create a text-generation pipeline:

# - max_new_tokens: limit the number of generated tokens

# - pad_token_id: the id used for padding

# - device_map="auto": automatically distribute across cuda/cpu/gpu devices

model_pipeline = pipeline(
"text-generation",
model=model,
tokenizer=tokenizer,
max_new_tokens=512,
pad_token_id=tokenizer.eos_token_id,
device_map="auto"

# Wrap it in LangChain's HuggingFacePipeline
return HuggingFacePipeline(pipeline=model_pipeline)

Code Listing 8: Tai va cau hinh LLM v&i comment giai thich

Poc tai liéu PDF (load_documents)

Vin dé: PDF phitc tap, khong thé doc bang open-file thong thudng; can thu vién chuyén dung dé trich

xuat van ban.

Gidi phdp: Duing PyPDFLoader clia LangChain Community dé load ting trang thanh document objects

va bat 16i khi load that bai.

def load_documents (folder_path):
folder = Path(folder_path.strip().strip('"\'"))

if not folder.exists():
raise FileNotFoundError (f"Folder not found: {folder}")

pdf_files = list(folder.glob("*.pdf"))
if not pdf_files:
raise ValueError (f"No PDF files in folder: {folderl}")

all _docs, filenames = [], []
for pdf_file in pdf_files:
try:

docs = PyPDFLoader (str(pdf_file)).load()

all_docs.extend (docs)

filenames.append(pdf_file.name)

print (£" Loaded {pdf_file.name} ({len(docs)} pages)")
except Exception as e:

print (f" Failed loading {pdf_file.name}: {e}")

14
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return all_docs, filenames

Code Listing 9: Poc va load nhieu PDF

Xay dyng pipeline RAG (build_rag_chain)

Van dé: Can két hop chunking, luu vector, truy hoi, prompt va LLM thanh mét pipeline duy nhat, dé

debug va mé rong.
Gidi phdp:
e Dung SemanticChunker chia ngi nghia.
« Dung Chroma.from_documents dé tao vector store.
o Lay retriever = vectordb.as_retriever() chuan hoa.
« Diing RunnableMap dé song song format context va giit question.
« Ghép v6i PromptTemplate va JsonOutputParser dé ra JSON.

def build_rag_chain(docs, embeddings, 1llm):

chunker = SemanticChunker (
embeddings=embeddings,
buffer_size=1,
breakpoint_threshold_type="percentile",
breakpoint_threshold_amount=95,
min_chunk_size=500,
add_start_index=True

)

chunks = chunker.split_documents (docs)

vector_db = FAISS.from_documents (chunks, embedding=embeddings)
retriever = vector_db.as_retriever (top_k=5)

prompt = PromptTemplate.from_template("""

You are an assistant for question-answering tasks. Use the following pieces of

retrieved context to answer the question. If you don't know the answer, just say that
you don't know. Use three sentences maximum and keep the answer concise.

Always answer in Vietnamese

Question: {question}
Context: {context}

Answer:
nn u)
rag_chain = (
RunnableMap ({
'context': retriever | (lambda docs: "\n\n".join(d.page_content for d in docs))
'question': RunnablePassthrough ()
1))
| prompt
| 1lm
I

return rag_chain, len(chunks)

Code Listing 10: Xay dung RAG chain v6i LangChain
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Khéi chay ing dung (main)

Vin dé: Can ddng bo cic budc load, build pipeline va truy vin — dong thoi hién thi thoi gian va két
qua.

Gidi phdp: Viét hAm main () thi tu r6 rang: 14y device, load embeddings/LLM, load docs, build chain,
invoke question, in ra két qua.

def main():
get_device ()
embeddings = load_embeddings ()
1llm = load_llm("google/gemma-2b-it")
docs, filenames = load_documents("pdf_folder")
rag_chain, num_chunks = build_rag_chain(docs, embeddings, 1llm)

print (f"Ready: {len(filenames)} files, {num_chunks} chunks")

while True:
user_input = input("\nYour question (type 'exit' to quit): ")
if user_input.lower() == "exit":
break

print ("\nGenerating answer...")

start = time.time ()

response = rag_chain.invoke (user_input)

print ("OUTPUT:", response)

print (£" Time taken: {time.time() - start:.2f}s")

Code Listing 11: Ham chinh khéi chay RAG App

5 Cai Thién M6 hinh RAG

Sau khi da c6 mé hinh RAG co ban, trong phan nay chiing ta sé tip trung vao cac cai thién chinh sau:
Céi thién Retrieval 1: Tang téc do truy van bang FAISS

Generation: Cai thién format Output thanh JSON. Dam bdo Output c¢6 cau tric nhit quan va dé dang
tai st dung.

5.1 Prompting cé ciu tric (Structured Prompting)

Van deé: Khi ghép context va cau hoi vao prompt thii cong, dé bi thiéu nhat quan, LLM tra 16i lac dé
hoac khong theo dinh dang mong mudn.

Gidi phdp: Stt dung PromptTemplate dé dinh nghia sin cau tric prompt, bdo dam moi truy van déu
theo cing mot khung mau.

from langchain_core.prompts import PromptTemplate

# Define a structured prompt template
prompt_structured = PromptTemplate.from_template (
prompt_text = """
You are an assistant specializing in question-answering tasks.
Use the retrieved context sections below to answer the question.
If you don't know the answer, just say that you don't know. Always answer in
Vietnamese

16
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n

Requirement: Return the response as a valid JSON object, with exactly three keys:
context", "question", and "answer". Only output the JSON object, do not add any other
content .

Example JSON output:

{{
"context": "OOP is a programming paradigm based on the concept of objects.",
"question": "What is 00P?",
"answer": "OOP stands for Object-Oriented Programming, a paradigm that
organizes software design around data, or objects, rather than functions and logic."
3>

Context: {context}

Question: {question}

Answer:
"vv #? {} means Variable. Use {{ }} to "escape" the curly braces in your example JSON
so that LangChain treats them as literal text,

prompt_template = PromptTemplate.from_template (prompt_text)

Code Listing 12: Stt dung PromptTemplate cho Structured Prompting

5.2 Céc kiéu Prompt khéc nhau

Vin dé: Mot prompt chung khéng phit hgp cho moi loai truy van (tém tit, dich, phan tich sentiment...).

Giai phap: Xay dung cac loai prompt tiy theo muc dich, vi du:
e QA Prompt: danh cho hoi—-dap thong tin.
« Summarization Prompt: danh cho tém tit noi dung, chi yéu cau tém gon y chinh.
« Translation Prompt: danh cho dich vin ban, yéu cau giit nguyén ngit diéu.
« Sentiment Prompt: danh cho phéan tich cdm xtic, tra vé Positive/Negative.
Mbi loai prompt diing mot PromptTemplate riéng, ddm bao LLM hiéu ding ngit canh va muc dich ctia,
tac vu.
5.3 Cai tién tdc d6 truy vin st dung FAISS
Lgi ich khi st dung FAISS:

Vin dé: Khi kho vector 16n (hang tram ngan chunk), truy vAn bang Chroma/Weaviate c6 thé cham do
overhead két néi mang hoiic co ché indirection.

Lgi ich:

e Téc @b cao: FAISS la thu vién C++ t6i wu cho nearest neighbor search, truy van vector in-
memory rat nhanh.

« Tiéu thu tai nguyén thip: Chay local, khéng can server riéng, giam do tré.
« Module héa dé dang: C6 thé thay thé backend chi v4i mot dong code thay vi tai cAu tric toan

bd pipeline.
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Cach tich hgp FAISS véi LangChain:

Gidi phdp: Thay thé Chroma bang FAISS thong qua abstraction VectorStore:

1 from langchain.vectorstores import FAISS
2 from langchain_huggingface.embeddings import HuggingFaceEmbeddings

1 # 1. Create embeddings as before
5 embeddings = HuggingFaceEmbeddings(model_name="bkai-foundation-models/vietnamese-bi-encoder

||)

7 # 2. Initialize FAISS from a list of documents
s vector_db = FAISS.from_documents (

9 documents=chunks,

10 embedding=embeddings

13 # 3. Get the standard retriever
retriever = vector_db.as_retriever (top_k=5)

16 # 4. Use the retriever in the RAG pipeline

17 rag_chain = (

18 RunnableMap ({

19 "context": retriever | (lambda docs: "\n\n".join(d.page_content for d in docs)),
0 "question": RunnablePassthrough()

R

prompt_structured
11lm

b
|
|
| JsonOutputParser ()

NN NN NN
LI X J

~

Code Listing 13: Tich hgp FAISS v6i LangChain

6 Tong két RAG sit dung LangChain
Trong tai liéu nay, ching ta da:

o Xéc dinh o First Principle cia RAG: chia nhé tai liéu (Chunking), truy hoi ngit nghia (Retrieval)
va sinh cau tra 16i (Generation).

o Phéan tich chi tiét cic van dé khi tu xay dung RAG thii cong va gidi phap LangChain cho ting
buéc:

— Chunking: diing SemanticChunker dé cat ngit nghia, gitt metadata.

— Retrieval: dung HuggingFaceEmbeddings + Chroma/FAISS dé tim doan lién quan nhanh
va chinh xac.

— Generation: diing PromptTemplate, RunnableMap va JsonOutputParser dé dam bdo dinh
dang va giam hallucination.

« Trinh bay chi tiét titng module code véi context “van dé — gidi phap — vi du code”, gitip ngudi
m&i dé hinh dung va téi stt dung.

o Gidi thiéu cac ky thuit nang cao:
— Structured Prompting v4i nhiéu loai prompt chuyén biét.

— Tich hgp FAISS dé céi thién tdc do truy van khi sb luong chunk 16n.

18
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Nho st dung LangChain, ching ta da thu gon hang chuc ham rdoi rac thanh mot pipeline mach
lac, d& m& rong va béo tri. Ngusi doc ¢6 thé dé dang thay ddi backend, mo hinh embedding/LLM hay
template prompt ma khéng phai viét lai toan bo code.

7 Diém khéc biét khi tai file PDF tit GitHub repository lén Chatbot

Trong cac tng dung RAG hoiic cic hé théng héi dip dua trén tai lidu, viéc truy cap va xit 1y tai liéu
luu trit trén GitHub c6 nhitng dic thu riéng so véi viée doc file tit duong dan tép tin cuc bd hoic cac
nguodn dit liu truyen théng.

e Khac biét gitrta truy cap file trén GitHub va file cuc bo:

— File cuc bd 1a tai liéu luu trit truc tiép trén mdy tinh hodc mdy chi, ¢ thé truy cap dé
dang qua hé théng tap tin (file system).

— File trén GitHub dugc luu trit dudi dang repository trén nén tang web, can thong qua
API hoiic giao dién web dé truy xudt ndi dung.

— Truy cép truce tiép URL GitHub thudng trd vé trang HTML, khong phai noi dung file tho,
do d6 khong thé tai truc tiép file bang cic phuong phap doc file théng thudng.

« St dung GitHub REST API dé truy xuit néi dung:

— GitHub cung cip API chuan (REST API) dé truy van thong tin vé cic repository, bao gom
danh sach file, noi dung file, va metadata.

— Khi biét chinh x4c nhanh (branch) va dudng dan thu muc trong repository, ta c6 thé goi API
dé lay danh sich file dang JSON.

— Qua API, ta dé dang loc ra céc file can thiét nhu PDF ma khong phai tai toan bo repository
vé mAay.

— DAy 1a céch tiép can tbi wu cho céc ting dung web hoiic cloud, gitip tiét kiém bang thong va
x1t 1y linh hoat.

« Tai sao can phan tich URL va trich xut branch, thu muc?

— Moét URL GitHub t6i thu muc ¢6 dang: https://github.com/user/repo/tree/branch/path.
— Dé goi API diing, ta can téch ra ting thanh phan user/repo, branch va path thu muc.

— Viéc nay gitp xac dinh chinh x4c diém truy cap dit liéu trong repository.
e Loc file PDF dua trén metadata:

— Thong tin tra vé tit API bao gom tén file, loai (file hay thu muc), URL tai xudng.

— Loc theo dudi file “pdf” va loai “file” gitip tranh nham 1an véi thuw muc hodc file khong phai
PDF.

« Y nghia trong xay dyng hé théng RAG:
— Viéc lay chinh x4c céc file PDF tit GitHub gitip hé théng RAG c6 thé truy xuat tai liéu gbc
dé xit 1y.
— Kha ning tu dong tai tai litu tit GitHub téng tinh tu dong héa, khong can ngusi dung phai
tai file thi cong.

— Gitp duy tri dit liéu luén méi nhat theo repository ma khéng can dong bo thi cong.
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8 Phu luc giai thich thuat ngtr

« Embedding (Nhting): Dé thé hién ngit nghia clia mot tit mot cach chinh xic, Embedding
dugc st dung dé chuyén déi dit liéu (thudng 1a van ban) thanh cic vector da chic¢u. Diéu nay gitp
may tinh hiéu va xit Iy duge ¥ nghia ctia dit liéu. Muc tiéu 1 tao ra céc vector sao cho cac ddi
tuong cé y nghia tuong tur thi gan nhau trong khoéng gian vector.

o Parse (Phéan tich ct phap):

Trong lap trinh va xit 1y dit liéu, “parse” 14 qua trinh chuyén déi mot dang dit liéu
(thuong 13 chudi vin béan, s6, hodc dit liéu tho) thanh moét ciu tric dit liéu cé y nghia.

— Vi du: Khi mot chuong trinh “parse” mot chudi van ban, né sé phan tich va chia nhd
chudi d6 thanh cdc phan nhé hon c6 ¥ nghia (goi 14 "tokens”) duta trén cic quy téc
ngtt phap.

— Minh hoa: V&i biéu thitc "4410”, méy tinh ban dau chi nhin thay céc ky tu '4’, '+,
'1’, °0’. P& thuc hién phép tinh, mdy can ”parse” biéu thiic nay dé hiéu rang '+’ 1a
phép cong, 4’ va '10’ 1 céc toan hang. Biéu thitc sé dude chuyén thanh mét cau tric
dé hiéu hon cho may nhu: ADD 100 1010.

+ Protocol (Giao thitc):

La tap hop céc quy tac, dinh dang va quy trinh chuidn muc quy dinh cich dit liéu dugc
truyén tai va nhan giita cac thiét bj hodc chuong trinh. Giao thiic ddm bio céc bén
¢ thé giao tiép hiéu qua va hiéu duge thong diép clia nhau.

« Synchronous (Péng bd) va Asynchronous (Bit dong bo):

D4y 14 hai khéi niém thudng giy nham lan vi ching lién quan dén thoi diém thyc hién
chtt khong nhat thiét 13 luong. Phan biét nhu sau:

— Lap trinh DPéng bd (Synchronous Programming): Mdi tiac vu dudc thyc
hién 1an lugt, tdc vu sau chi bit dau khi téc vu truée hoan thanh.

— Lap trinh Bat déng bd (Asynchronous Programming): Céc tiac vu cé thé
bat dau va chay déng th&i ma khong can chd nhau, thuong dude ding dé xit 1y
cac cong viéc mat thoi gian (vi du: tai dit liéu, chd phan hoi mang).

« Lap trinh bat dong bo gitp git cho chuong trinh tiép tuc hoat déng trong
khi ché dgi, tranh bi "treo”.

+ Trén moi trudng don ludng, didu nay dude thuc hién bang cach chuyén déi nhanh
gitta cac tac vu, tao do gidc xt ly song song.
* Dic biét hitu ich trong giao dién ngusi ding (UI) dé tranh bi ditng khi c¢6 xt 1y

nen.

o LangChain Expression Language (LCEL)
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LangChain Expression Language (LCEL) la mot ci phdp giip xdy dung céc chudi
xit 1y (chains) mot cach t&i wu, hd trg cd thuc thi tuan tu (synchronous) va song song
(asynchronous) bang cich két hgp céc thanh phan Runnable.

LCEL phu hgp cho céc pipeline don gidn nhu: prompt -+ 11lm -+ parser. Véi cic chudi phtic
tap hon (c6 phan nhanh, vong lap, da tdc nhan), nén dung LangGraph. Tuy nhién, LCEL
van c6 thé duge tich hgp nhu mét phan trong LangGraph.
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Phan II: Streamlit

1 Gidi thiéu vé Streamlit

Streamlit 14 mot thu vién ma ngudn md dude phét trién bang Python, gitp céc lap trinh vién nhanh
chéng xdy dung céc tng dung web tuong tdc ma khong can phai lo 1ng nhiéu vé phan giao dién phic
tap. Dic biét, Streamlit rit duge wa chudng trong linh vige Khoa hoc Dit liéu (Data Science) va Tri tué
Nhén tao (Artificial Intelligence) vi né giip minh hoa dit liéu, tao dashboard, va thit nghiém mo hinh
mot cdch dé dang va truc quan.

Mot diém manh 16n ciia Streamlit 1 tinh don gidn va kha ning phan hoi nhanh (real-time), gitip
ngudi ding cudi tuong tic véi ing dung nhu nhap dit liéu, chon lya tity chon, tai tép, ma khong can
ky nang 1ap trinh web chuyén sau.

2 Thanh phan cd ban trong Streamlit

Mot s6 ham, widget phé bién gitip ban xay dung giao dién va tuong téc véi ngusi dung trong Streamlit
bao gom:

e st.title() — Hién thi tiéu dé chinh lén cta trang, thuong dung dé giéi thiéu hodc dit tén ting
dung.

 st.header () — Hién thi tiéu dé phu, nhé hon st.title() dé phan chia cdc phan trong ting dung.

o st.write() — Ham linh hoat dé hién thi nhiéu ki¢u ndéi dung khac nhau nhu van ban thuan, bang
dit liéu, biéu d@d, hinh &nh, v.v.

o st.text_input() — Tao 6 nhép liéu van ban dé ngusi ding nhap dit liéu dang chudi.

« st.button() — Tao mdt nit bam dé ngusi diung cé thé kich hoat hanh doéng nao dé trong ting
dung.

e st.file_uploader () — Cho phép ngudi diing tai lén tép tin tit may tinh ctia ho, rat hitu ich cho
cac ting dung x1t 1y file.

« st.selectbox() — Tao mdt dropdown (hdp lua chon) dé ngusi ding chon mot trong cic phuong
an cé san.
Nho céc thanh phan co ban nay, ban c¢é thé xay dung céic tng dung web tuong tac véi ngudi diing
rat nhanh chéng ma khéng can thiét ké front-end phiic tap.
3 Quan ly trang thai viGi session_state trong Streamlit

st.session_state la mot ddi tugng dic biét trong Streamlit ding dé luu gitt trang théi (state) ctia
tng dung trong sudt phién lam viéc clia ngudi ding. Diéu nay rat quan trong vi Streamlit sé tu dong
chay lai toan bé ma nguon moi khi cé tuong téc, nén néu khong luu trang théi, cdc bién sé bi khéi tao
lai va mat dit liéu.

if "count" not in st.session_state:
st.session_state.count = 0
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Dong ma trén kiém tra xem bién "count" da ton tai trong session_state chua. Néu chua, tic 1a
lan chay dau tién, né sé& khdéi tao count véi gid tri 0. Nho vay, bién niy dude gitt nguyén gia tri qua cac

lan chay lai ttng dung.
Vi du ing dung;:

import streamlit as st

if 'chat_history' not in st.session_state:
st.session_state.chat_history = []

if 'rag_chain' not in st.session_state:
st.session_state.rag_chain = None

if 'models_loaded' not in st.session_state:
st.session_state.models_loaded = False

if 'embeddings' not in st.session_state:
st.session_state.embeddings = None

if 'documents_loaded' not in st.session_state:
st.session_state.documents_loaded = False

if 'pdf_source' not in st.session_state:
st.session_state.pdf_source = "github"

if 'github_repo_url' not in st.session_state:
st.session_state.github_repo_url = "https://github.com/Jennifer1907/Time-Series-Team-

Hub/tree/main/assets/pdf"

if 'local_folder_path' not in st.session_state:

st.session_state.local_folder_path = "./knowledge_base"
if 'processing_query' not in st.session_state:
st.session_state.processing_query = False

if 'query_input' not in st.session_state:
st.session_state.query_input = ""

Ma3i lan ngusi dung nhan nit, gid tri count sé tang lén va khong bi mat di do dugc luu trong

session_state.

4 Tuy bién giao dién trong Streamlit véi HTML/CSS

Doan ma duéi day st dung ham st.markdown() ctia Streamlit dé chén truc tiép doan ma CSS tuy
chinh nham tao kiéu cho giao dién tmg dung web. Viéc nay gitp ban cé thé kiém soét chi tiét vé bd
cuc, mau sac, hiéu tng,... ma Streamlit mic dinh khéng hd trg hodc hd trg han ché.

st .markdown ("""
<style>
/* CSS code */
</style>
nun o unsafe_allow_html=True)

4.1 CAch van hanh va ca phap

« st.markdown() 13 ham dé hién thi n6i dung Markdown hoiic HTML. Tham s6 unsafe_allow_html=True

cho phép Streamlit xtt Iy va render ma HTML/CSS noi tuyén, néu khong thi doan ma sé& dudc

hién thi nguyén vin.

e Toan bd doan ma CSS dugc dat trong thé <style>

</style>. Day la cach dé khai béo céc

quy tac dinh dang cho céc phan t& HTML trong ting dung.

« M&i 16p CSS (vi du: .main-header, .chat-container) dinh nghia kiéu dang riéng bi¢t: mau nén,

canh 1é, bo géc, hiéu ng animation, v.v.

« Céc selector nhu .stTextInput > div > div > input dugc diing dé can thiép sdu vao cau tric
HTML do Streamlit tao ra, tir dé tuy chinh giao dién cédc widget mac dinh.
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4.2

Giai thich chi tiét cic phan CSS quan trong

e .main-header: Tao vung tiéu dé chinh can gitta, ¢c6 nén gradient mau do-vang, bo tron, chit mau

4.3

4.4

tréng.

.chat-container: Khung chat chinh véi chieu rong t6i da 800px, ¢6 viéen va nén mau xam sang,
hoé trg cudon doc néu ndi dung dai.

.user-message va .assistant-message: Céc tin nhan ciia ngusi dung va trg Iy ¢6 mau nén, mau
chr khac nhau, bo tron va ¢ margin dé phén biét hai bén tro chuyén.

.chat-input-container: Ving nhép tin nhin dugc c6 dinh & cudi trang v6i nén trang va vien
trén.

.stTextInput > div > div > input: Ty chinh truc tiép 6 nhdp van ban mic dinh cia
Streamlit, vi du bo tron va tang padding cho 6 input.

.status-indicator cing cic 16p trang théi (ready, loading, error): Hién thi cdc dau hiéu trang
thai bang cic chdm tron mau sic khac nhau.

.thinking-indicator: Khung tin nhin hién thi trang thii ”dang suy nghi” v6i hiéu tGng nhap
nhdy nhe (animation pulse).

.upload-section va .file-counter: Vung tai file v6i vien dit va sb lugng file duge upload hién
thi dep mat.

.vietnam-flag: M6 phéng qubc ky Viét Nam véi nén d6 va sao vang bang CSS.

Luu y khi st dung

Viéc nhiing HTML/CSS véi unsafe_allow_html=True c6 thé giy rii ro bdo mat néu noi dung
khong kiém soat ky, diic biét véi dit liéu dau vao tit ngudi ding.

Khéng phai toan bo CSS déu duge Streamlit hd tro do cau tridic DOM phitc tap va c6 thé thay
déi gitta cdc phién ban, nén ban can kiém tra ky khi nang cap Streamlit.

Cau triac HTML do Streamlit tao ra khong dugc tai liéu chinh thitc chi tiét nén viéc tuy chinh
sau (nhu selector phitc tap) c6 thé khong bén viing hodc gy 16i.

Ung dung thuc té

Doan CSS trén thuong duge dung trong cic tng dung chatbot, dashboard hodc céc ing dung ¢ giao
dién tuong tac phic tap, vi du:

Tao khung chat véi cdc tin nhin ngudi diing va trg 1y phan biét rd rang bang mau sic va bd cuc.
Tao viing nhap liéu c6 dinh dudi cling cho trai nghiém ngudi dung t6t hon.
Hién thi trang thai xit 1y (dang tai, 16, sin sang) bang cic chi bdo mau sic dé nhan biét.

Trang tri giao dién bang cac hiéu tng gradient, bo tron, shadow,... gitp tng dung chuyén nghiép,
bat mat hon.

Tiy bién widget mac dinh ctia Streamlit dé phit hop véi phong cach riéng.

24



AI VIETNAM

aivietnam.edu.vn

4.5 Vi du tich hgp trong RAG Chatbot Streamlit

1 import streamlit as st
2 st.markdown ("""

3
4

N o W

20

<style>

.main-header{
text-align: center;
padding: 1rem O;
margin-bottom: 2rem;

background:

border-radius: 10px;

color:

}

white;

.chat-container{
max-width: 800px;
margin: O auto;
padding: 1rem;
max-height: 500px;
overflow-y: auto;
border: 1px solid #e0e0OeO;
border-radius: 10px;
margin-bottom: 20px;
background-color: #fafafa;

}

.user-message{
background-color: #000000;

color:

#Eff£f££f£F;

border-radius: 18px;
padding: 12px 16px;
margin: 8px O0;
margin-left: 20%;
text-align: left;

border: 1px solid #333333;

}

.assistant -message{
background-color: #006400;

color:

#Ef££FfF;

border-radius: 18px;
padding: 12px 16px;
margin: 8px O;
margin-right: 20%;
text-align: left;

border: 1px solid #228b22;

}

.chat-input-container {
position: sticky;
bottom: O;
background-color: white;
padding: 1rem;

border-top:

border-radius: 10px;
margin-top: 20px;

}

.vietnam-flag::after {
content: "";
position: absolute;
top: 50%;
left: 50%;

transform: translate(-50%,

color:

#££cd00;

2px solid #e0e0eO;

-50%) ;

linear-gradient (90deg, #£f£f0000, #ffff00);
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font-size: 16px;
}
</style>
"nn o unsafe_allow_html=True)

Doan code trén thé hién cich sit dung CSS tiy chinh két hop v6i HTML dé tao giao dién chatbot
don gian trong Streamlit.

5 Streamlit nang cao

Trong phan nay, chiing ta sé tim hiéu mét sd tinh ning nang cao clia Streamlit gitp t6i wu hiéu suit,
mé rong kha nang phét trién va cai thién trai nghiém ngudi dung. Cac vi du minh hoa duge rit ra tit
doan ma tmg dung truy xuat tai litu va tra 15i cAu hoi sit dung mo hinh embedding tiéng Viét.

5.1 Caching tai nguyén vdi @st.cache_resource
Caching 1a co ché luu lai két qué ctia mot ham dé tranh viéc tinh todn hoiic tai lai nhiéu lan, dic biét

quan trong khi xw Iy tai nguyén nang nhu mo hinh hoc may.

@st.cache_resource
def load_embeddings():
"""T3i md hinh embedding tiéng Viét"""

return HuggingFaceEmbeddings(model_name="bkai-foundation-models/vietnamese-bi-encoder")

Giai thich:
« @st.cache_resource la decorator ciia Streamlit diing dé cache mot tai nguyén nhut mé hinh ML,

database connection, hoac vector store.

o Khi tting dung rerun (vi du: do ngusi dung tuong tac), ham load_embeddings () sé khéng duge
goi lai néu khong c6 thay d6i trong ndi dung ham, gitip tiét kiém thoi gian tai.

e Trong vi du nay, mo hinh bi-encoder tit HuggingFace dugc tai mot lan va c¢é thé duge st dung
nhiéu lan sau d6 trong tng dung ma khong can reload lai.

Luu y:

o Néu thay doi tham s6 dau vao hodc cidp nhat mo hinh, can xéa cache thii céng hodc stt dung phién
bén cache khac.

« Khong nén diing cache cho tai nguyén cé trang thai thay déi thusng xuyén (vi du nhu két ndi
thoi gian thuc).
5.2 Multi-page App trong Streamlit

Trong céc ting dung phiic tap, viéc géi toan bo logic vao mot file duy nhat nhu app.py la khong tbi
uu. Streamlit cung cAp tinh ning multi-page app gitip chia nhé giao dién thanh nhiéu trang (pages),
mdi trang phu trach mot chitic ning riéng biét. Diéu nay khoéng chi gitip ma ngudn r6 rang, dé bdo tri
ma con tao trai nghiém ngudi dung tét hon.
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Céu tric thu muc co ban

Khi muén tao ting dung nhiéu trang, ta can to chitc dit 4n nhu sau:

project_folder/

app.py

pages/
Trang_1.py
Trang_2.py

« app.py: La trang chinh, dugc thuc thi dau tién khi chay lénh streamlit run app.py.

o pages/: La thu muc chita céic file dai dién cho tung trang riéng biét. Tén file sé duge Streamlit si
dung lam nhan trong Sidebar.

o Trang_1.py, Trang_2.py: Mdi file tuong ting véi mot trang riéng ctia tng dung. Vi du: Trang
upload file, trang héi dap, trang thong keé,...

Cach hoat dong

Khi ngudsi dung chay streamlit run app.py, Streamlit sé tu dong:
1. Do tim thu muc pages/ cling cAp vdi app.py.
2. Liét ké tat ca file .py trong thu muc nay.
3. Hién thi tén céc file nhu mdt menu trong Sidebar.

4. Khi ngudi dung chon mot trang trong Sidebar, Streamlit sé thuc thi file tuong tng.
Vi du minh hoa
app.py:
import streamlit as st

st.set_page_config(
page_title="Trg¢ Ly AI Tiéng Viét",
layout="wide",
initial_sidebar_state="expanded"

pages/Trang__ 1.py:

import streamlit as st

st.title("Trang 1: T4i tai liéu")
uploaded_file = st.file_uploader("Tai té&p tai 1liéu 1én", type=["pdf", "docx", "xlsx"])
if uploaded_file:

st.success(f"D4 tdi lén: {uploaded_file.namel}")

pages/Trang_ 2.py:
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import streamlit as st

st.title("Trang 2: D3t c&u héi")
question = st.text_input("Nhdp cdu hdéi ciia ban")
if question:
st.write(£"Ban d& hdéi: {question}")
Lgi ich cthia Multi-page App
e T6 chitc code ré rang: Mai chitc ning doc 14p nam trong file riéng biét.
« D& md rong: C6 thé thém trang méi chi bang cach thém file méi vao thu muc pages/.
« Trai nghiém ngudi ding tét: Giao dién chia thanh nhiéu budc, dé dieu huéng.

« Hb trg session state giita cac trang: C6 thé chia sé dit liéu giita cdc trang bing st . session_state.

Luu y khi st dung Multi-page App

« Tén file trong pages/ sé xuit hién trong Sidebar nén can dit tén dé hiéu, tranh tén file nhu
testl.py.

o Trénh viéc dat lai set_page_config trong céc file trong pages/ (chi nén set 6 app.py).

« Sitdung st.session_state dé chia sé dit liéu giita cdc trang (néu can luwu két qua tit trang trude).
Giai thich:

e app.py la trang chinh cta tng dung.

e Thu muc pages/ chita cic file Python dai dién cho ting trang riéng biét.

« Khi chay tmg dung, Streamlit sé tu dong nhan dién va hién thi cdc trang nay trong sidebar dé
ngudi dung chuyén déi qua lai.

Ung dung: TS chitc céc chitc ndng nhu “Tai tai lieu“, “Truy vAn cau hoi“, “Xem lich st tuong tac”
thanh céc trang riéng biét dé tang tinh modular.
5.3 Tu dong lam mdi tng dung vGi st.experimental _rerun()

Trong mot sb trudng hop, ta can lam méi toan bd tmg dung khi ¢6 thay d6i dit liéu hodc trang théi, vi
du sau khi tai xong file hodc khi thay déi tuy chon.

if st.button("TAdi lai tai liéu"):
st.experimental _rerun()

Giai thich:

e st.experimental_rerun() gitup reload lai toan bo tmg dung Streamlit ngay 1ap tic.

o C6 thé dung két hop véi diéu kién hodc trigger bai su kién tit phia ngudi diing.

e Thich hop dé reset giao dién, cAp nhat dit liéu hodc dua ting dung vé trang théi ban dau.

Ung dung thyc té trong vi du: Sau khi ngudi ding upload file ZIP, tng dung c6 thé tu dong

lam méi dé hién thi két qua méi:
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if uploaded_file.name.endswith(".zip"):
documents, files_loaded = process_zip_file(uploaded_file)
st.success(f"DPa load {len(files_loaded)} file tu ZIP.")

st.experimental _rerun()

Luu y:
e Vila ham experimental, c6 thé thay ddi hodc nang cap trong tuong lai.

« Nén tranh goi st.experimental_rerun() trong vong lip vo han hodc ngoai diéu kién kiém soét.
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