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LOI CAM ON

Loi dau tién, nhoém em xin giri 16i cam on chan thanh va sau sic nhét t6i Ban
Giam hiéu cung toan thé quy Thay, C6 gido trudong Dai hoc M6 - Dia Chét, nhitng ngudi
da tan tim truyén dat tri thirc va diu dét tui em trong sudt qua trinh hoc tap va rén luyén
tai mai truong than yéu nay to1 thoi diém hién tai.

bac biét, tui em xin bay to long biét on vo cung sau sdc t¢i CO Bui Thi Van Anh
ngudi da danh rat nhiéu thoi gian va tim huyét truc tiép hudng din, chi bao tyi em trong
sudt qua trinh thuc hién dé tai nghién ctru khoa hoc. Nhitng dinh huéng quy bau, nhing
nhan xét khit khe nhung ddy tinh xay dung ctua C6 khong chi gitip tui em hoan thién vé
mat k¥ thuat cho dé tai "Chatbot hd tro hoc tap cho sinh vién CNTT" ma con giup rén
luyén tu duy nghién ctru dgc lap va phong cach lam vi¢c khoa hoc.

Ching em ciing xin gtri 101 cadm on téi1 gia dinh, ban be va nhitng nguo1 than yéu
da luén déng hanh, ¢ vil va tao moi diéu kién t6t nhat vé ca vat chat 1an tinh than dé tui
em c6 thé yén tdm hoc tap va hoan thanh bai nghién ctiru nay mdt cach tron ven nhat.

Bai nghién ctru khoa hoc nay 13 két qua ctia qua trinh nd luc khong ngimng nghi,
tuy nhién do han ché vé mit thoi gian ciing nhu kién thirc chuyén mon, chic chin bao
c4o khong tranh khoi nhiing thiéu sét nhat dinh. Chiing em rat mong nhan dugc nhiing
¥ kién déng gop, chi bao quy bau tir Hoi dong khoa hoc va cac Thay, Co gido dé du an
ctia chung em ngay cang hoan thién hon va c6 tinh tmg dung cao hon trong thuc té.

Cudi cung, ching em xin kinh chic quy Thay, C6 gido ludn ddi dao stc khoe,
hanh phiic va git hai dugc nhiu thanh céng hon nita trong su nghiép cao quy ctia minh.

Em xin chan thanh cam on!



2

MUC LUC

LOT CAM ON....oooiiriiieii it ess sttt 1
CHUONG 1. TONG QUAN ...ttt eeeee s eer e ses s eeeeeeeeae 7
1.1 L d0 CROM 8 1AT 1. 7
1.1.1. Nhu cau truy xuat thong tin trong hoc tAp CNTT .....v.ivveeeeeeeceeeee e 7
1.1.2. Gi61 han cua cac mo hinh ngdn ngtt thong thuong...........cccooveiiiiiiiiinenn. 7
1.1.3. Lya chon ky thuat RAG (Retrieval-Augmented Generation)........................ 7
1.1.4. Ly do 1ua chon @& tA1.......o..oeoveeeeeeeeeeeeeeeeeeeeeeeee e 8

1.2. Muc ti€u va pham vi cua Q8 TAT vttt 8
1.3. TAM quan trong clia d& tAi...........oooveveveeveeeeeeeeeeee e 8
CHUONG 2. KIEN THUC CO SO VA CONG NGHE SU DUNG .....coccovvrerrrerrrnnen. 10
2.1. M6 hinh Ngon nglt Lén (Large Language Model — LLM) ......ooooevviieniiennnnnee. 10
2.1.1. Khai niém va nguyén 1y hoat dONg ........ccceeoivriiiiiiieeeeee e, 10
2.1.2. Google Gemini — LLM duoc st dung trong du an..........ccceeeevveeenieeennenn. 10

2.2. Chatbot va Hé thong Hoi Dap Thong Minh ............ccoeeeeeeeeeeeeeeeeeeesereens 11
2.3. Ky thuat RAG (Retrieval-Augmented Generation)............cceeeveeeeeerveeneeenneenne. 11
2.3.1. Dinh nghia va kién triic tOng qUAN .............ceveveeeeeeeeeeeeeeeeeeeeeeeeeee e 11
2.3.2. Tam quan trong ciia RAG trong bai toan hd trg hoc tAp.......ceveveveveveveenenn. 12

2.4. Embedding va Vector Database ...........cccoviieiiiieeiiieeeciiecciie ettt 12
2.4.1. Embedding — Biéu dién vin ban thanh vector 6 hoC............ooovvveveveeenne. 12
2.4.2. FAISS — C0O SO Al JHEU VECTOT ...evvvvvviiiieiieeeeeeieeeeeee e 12

2.5. LangChain — Framework Xay dung Ung dung LLM........cocooooveieeimeeeereeenne. 13
2.6. FastAPI — Backend Framework .........ccccooeevieniiniiiniiniiiiciccccccccc e 14
2.7. Giao dién Ngudi dung — HTML, CSS va JavaScript ......ccecceevvevvienienienieneenenn, 14
2.8. Tong hop va So sanh v6i Dur 4n Tham KhA0 .......o.veveeeeeieeeeeeeeeeeeeee. 14
CHUONG 3.PHAN TICH THIET KE HE THONG........cooonvvirrrirrinrirneeieniseeeenennen. 16
3.1. PhAN tHCh N8 thONE. ... 16
311 CAC tAC NNAN ..ttt 18
3.1.2. SO A0 USECASE tONZ QUAL ... 18
3.1.3. CAC USECASE Chi tHEE ......ovoveeeveeeceeeeeeeeeee e 18

3.2. Phan Tich CAC NGUON DI LIBU.......voeeeieeeeeeeeeeeeeeeeeeeeee e 21



3

3.3. M6 T4 Qué Trinh Chuan Bi va Tién Xt LY Dt LiU: ..v.ovveeeeeeeeeeeeeeeens 22
3.3.1. Giai doan chuan bi dit U .....ceourverreererieriiereie e 22
3.3.2. Giai doan trung gian: Tdi tru héa cau tric dif TéU .........ooevvveeeeeeeeeeeene. 22
3.3.3. Giai doan Vector hoa va Nhing nglt nghia..........cccceeviiiiiiiininiiieeieeee, 23
3.3.4. Giai doan tao 1ap co s& dit [i€u VeCtor .......evvvviieeiieeiieeciee e 23
3.3.5. Giai doan két qua va dong goi (Result & Persistence) ...........oooeveeeeenne. 24
3316 KAt QUA oo 24

CHUONG 4. XAY DUNG UNG DUNG ....ccovvomiiiieiieiineiineeeneesneessessesssesse s sssessne 25

4.1 CAUIUC QU ANttt 25

4.2. Thiét ké giao dién va chirc nang ctia Chatbot..........c..o.vveeveeeeeeeeeeeeeeeeeeeae 26

4.3. T6i wu héa va cai thién hidu SUdt ChAtbot ...........evveureerereeeriiereieeieeseeeeeenne 30

KET LUAN VA HUONG PHAT TRIEN .......o.oiiuiiiiirniinsieeeiee s 31

I Két qua dat dugc va nhiing han CRE oo 31

I.  DPAanh gid hidu SUAt VA KEt QUA ....o.oveeeeeeeeeceeeeee e 33

III.  Hudng phat trién dé cai thién Chatbot trong trong lai...........ccccoevvevereeeenen. 34



4

DANH MUC HINH ANH
Hinh 3.1 So d6 workflow ctia chatbot.............cc.coveuiieevereeeeeeeeeeeeeeseeeee s 16
Hinh 3.2 SO d0 USECASE tONG QUAL.........veeeeeeeeeeeeeeee oo 18
Hinh 3.3 Biéu dd usecase NhAp CAU NI ........o.oveveeeeeeeeeeeeeeeeeeee e 19
Hinh 3.4 So d0 tuan tyr NhAP CAU NOT «.....vveeeeeeeeeeeeeeeeeeeee e 19
Hinh 3.5 Biéu d usecase chic nang hudn luyén bang file PDF...........ccco.c........ 20
Hinh 3.6 So dd tuan ty chirc ning huan luyén bang file PDF ..........ccccooeveunnn.. 20
Hinh 3.8 So dd tuan ty chirc ning chatbot dwa ra cAu tra 10 ......cocvveeeeeeeeennn. 21
Hinh 3.9 Tao Kho dé 10t trit DAtabase..........eveveveeeeeeeeeeeeeeeeeeeeeeeeeerereseseseseseseees 22
Hinh 3.10 ChUnKIng .......ccveeeiiiieiiiieeiie ettt e et e e seaee e 23
Hinh 3.11 EMbedding.........ccooviiiiiiiiiiieeiieecee et 23
Hinh 3.12 FAISS...c ettt 24
Hinh 3.13 Lut dit TieU VA0 8 CUNE.....veeeeeeeeeeeeeeeeeeeeeeeeee e 24
Hinh 4.1 TOng qua cAu triic dW &N ........oo.oveeveeveieeeeeeeeeeeeee e 25
Hinh 4.2 G120 di€n Chatbhot...........viiiiiiiiiiiiiiiiiiieeeeeeeeeeeee e 27
Hinh 4.3 Logo va khu vire huéng dan............cococoeeevevereeeeeeeeeeeeeeeeeeeeeeeneans 28
Hinh 4.4 KNU VIC CRat.......oiiiiiiiiiiiiiiiiiiiiiiiiieieeieteee ettt aeaaaeeeeeeeaaaeeeaeees 28
Hinh 4.5 O NHAP ChAL ...t 29

Hinh cudc trd ChUYEN MAU. ........c.ovovieeeeeeeeeeeeeeeeeeeeeeee e, 33



5

DANH MUC BANG

Bang 2.1 So sanh FAISS v&1 Chroma ..........cocccveeiiiieiniiiiieiiecie e 13
Béang 2.2 sy khac biét vé cong nghé gitra du an RAG Chatbot va du an tham khao
RAG-GEMMA ...t et e e e et e e tae e e taeeeeaaaaeans 15



6

LOI MO DAU

Tri tué nhan tao va cong nghé thong tin dang ngay cang phat trién va déng vai
trd quan trong trong nhiéu linh vyc cua cudc song. Trong xu thé do, cac hé thong
ChatBot da tré thanh mgt cong cu hitu ich, giap tu dong hoa va nang cao hi¢u qua trong
giao tiép va hd tro nguoi dung. Du an NCKH chung em véi dé tai "Chatbot hd tro hoc
tap cho sinh vién CNTT " dugc thuc hién nham nghién ciru va phat trién mot hé thong
ChatBot thong minh, hd trg huéng din ngudi dung co thé trd chuyén véi Chatbot bang
dir liéu riéng ctia minh.

Vi sy hd trg clia cong nghé cac mo hinh ngdn ngit 16n (LLM) va ki thuat truy
van RAG, két hop ca hai cung v6i LangChain, ChatBot RAG khong chi don thuan 13
mot cong cu trd 101 cau hoi ma con c¢6 kha nang hoc hoi tir cac dir li¢u riéng va nguoi
dung tai 1én dé cai thién chat luong truy van. Trong sudt qua trinh thuc hién du an
NCKH, du da d6i mat véi nhiéu thir thach, tir viéc phan tich va xir Iy ngén ngit tu nhién,
thiét ké giao dién ngudi ding, dén viée tich hop cac thuat RAG trong hoc may dé nang
cao kha ning tuong tic ciia ChatBot nhung cudi ciing ca nhom van hoan thanh duoc két
qud nhu mong doi.

Dy an NCKH nay khong chi 1a két qua ctia qua trinh hoc tap va nghién ctru, ma
con 1a minh ching cho su nd lyc va dam mé cta ca nhom trong linh vuc cong nghé
thong tin. Ching em hy vong rang san pham ndy s& gop phan vao viéc phat trién cac
tmg dung ChatBot thong minh, phuc vu t6t hon nhu ciu cta ngudi ding va mang lai

nhiing gia tri thiét thyc cho xa hoi.
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CHUONG 1. TONG QUAN

1.1. Ly do chon deé tai
1.1.1. Nhu cdu truy xudt théng tin trong hoc tip CNTT

Trong bdi canh gido duc dai hoc hién nay, dac biét trong linh vuc Céng nghé
thong tin, sinh vién phai tiép can mot khoi lwong kién thire khong 16 tir gio trinh, tai
liéu tham khao, bai giang va cac ngudn hoc liéu sd. Tuy nhién, viéc tim kiém va tra ctru
thong tin mot cach chinh xac, nhanh chong tir cac tai liéu nay luon 1a mot thach thue.
Sinh vién thuong mat nhiéu thoi gian dé sang loc qua céc tai lidu dai hang trim trang

chi dé tim mot khai niém hay mot doan giai thich cu thé.

Thuc té tai Truong Pai hoc M6 - Bia chét (HUMG), sinh vién khoa CNTT thuong
xuyén gap kho khan trong viée tu hoc va tra clru tai liéu ngoai gio 1én 16p. Nhu cau co
mot trg 1y hoc tdp thong minh, c6 kha nang tra 161 cau hoi dya trén ndi dung tai li¢u cu

thé ctia mén hoc, 1a mot nhu cau c6 thuc va cép thiét.
1.1.2. Gidi han cia cac mo hinh ngon ngit thong thuwong

Céc moO hinh ngon ngtr 16n (Large Language Models — LLM) nhu GPT hay
Gemini hién dang rit manh mé& trong viéc tao sinh van ban va tra 101 cau hoéi téng quat.
Tuy nhién, ching c6 mdt han ché can ban: kién thirc ctia md hinh bi dong bang tai thoi
diém huan luyén va khong c6 kha nang truy cdp vao cac tai lidu riéng tu, cuc bo cia
nguoi diung. Diéu nay c6 nghia 1a khi sinh vién hoi vé ndi dung mot gido trinh cu thé
hay slide bai giang cuia gidng vién, LLM sé& khong thé tra 1oi dya trén tai liéu do.

1.1.3. Lwa chon ky thudt RAG (Retrieval-Augmented Generation)

K¥ thuit RAG (Retrieval-Augmented Generation) ra doi nhu mot giai phap két
hop giita hai thé manh: kha nang tim kiém va truy xuat thong tin tir nguon dir lidu cyc
bd, va kha ning sinh ngdn ngit tir nhién linh hoat cia LLM. Thay vi chi dya vao kién
thirc dugc hudn luyén sin, RAG cho phép mo hinh "tra ciru" tai liéu thuc té cia nguoi
dung trudce khi tao ra cau tra 16i. Diéu nay gitip cau tra 101 chinh x4c hon, ¢ cin ¢t hon,

va phu hop véi ngir canh hoc tap cu thé.

Céc uu diém noi bat cia RAG so véi chatbot théng thudng bao gom:
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« Tra 101 dua truc tiép trén ndi dung tai liéu ma nguoi ding cung cap, khong hallucinate.

« C6 thé cap nhat kién thuc theo thoi gian thuc bang cach thém tai liéu méi ma khong

can huan luyén lai m6 hinh.
« Tinh minh bach cao — ¢6 thé trich dan nguén tai liéu cu thé cho mdi cu tra 1oi.
* Phu hgp cho bai toan hé trg hoc tap chuyén nganh voi tai liu cuc bo.

1.1.4. Ly do lwa chon dé tai

Xuat phat tir nhiing trin trd thuc té trong qua trinh hoc tap tai khoa CNTT, chung
em lya chon d¢é tai "Xay dung hé thdng Chatbot tro Iy hoc tap st dung k¥ thuat RAG va
mo hinh ngdén nglr 16n" voi mong muén tao ra mot cong cy hd tro thiét thuc cho sinh
vién. Hé théng dugc xay dung dya trén kién trac RAG, tich hop vo1 mé hinh Google
Gemini thong qua API, st dung FastAPI lam backend va giao dién web
HTML/CSS/JavaScript than thién vo1 nguoi dung.

1.2. Muc tiéu va pham vi ciia dé tai

Muc tiéu chinh cua dé tai 1a xay dung mdt hé théng chatbot c¢6 kha nang:

1. Nhén tai liéu PDF dau vao tir ngudi dung (gido trinh, bai giang, tai liéu hoc tap).
2. Xt ly va luu trtr ndi dung tai liéu dudi dang vector trong co s¢ dir li€u vector
(FAISS).
3. Tra 101 cau hoi cua sinh vién dua trén ndi dung tai li¢u da duoc tai 1én, két hop véi
kha ndng sinh ngbén nglr cia m6 hinh Gemini.
4. Cung cap giao dién web than thién v6i chirc ning tai 1én tai liéu va hoi dap linh hoat.
5. Duy tri lich st hoi thoai dé dam bao tinh nhat quan trong qua trinh trao doi nhiéu
luot.

Pham vi: Dé tai tap trung vao hd tro sinh vién khoa CNTT trong viéc tra ciru tai
lidu hoc tap dinh dang PDF. Hé thong khong nham thay thé giang vién ma dong vai trd
1a tro 1y hoc tap bo tro. Ngon ngir chinh duoc hd tro 1a tiéng Viét va tiéng Anbh.

1.3. TAm quan trong cia dé tai
Trong xu thé chuyén doi sb trong gido duc dang dién ra manh mé tai Viét Nam,

céc cong cu hd tro hoc tap thong minh ngdy cang dong vai trd quan trong. Hé thong
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RAG Chatbot duoc dé xuat trong dé tai nay mang lai nhiing gia tri thiét thuc sau:

« Tiét kiém thoi gian hoc tap: Thay vi phai doc toan bd tai li¢u, sinh vién c6 thé dat cau
hoi truc tiép va nhan cau tra 10i co trich dan nguén cu thé.

« Tang tinh tu hoc: HO tro sinh vién tu 6n luyén va kiém tra kién thirc bat ky Iic nao,
khong phu thudc vao gio hoc chinh thire.

« Ung dung cong nghé Al tién tién: Dé tai gop phan ng dung cic cong nghé Al méi
nhat (RAG, LLM, Vector Database) vao thyc tién gido duc.

« Nén tang mo rong: He théng ¢6 kién trac linh hoat, ¢6 thé mé rong dé hd tro nhiéu

mon hoc, nhié€u loai tai liéu va nhiéu nguoi dung dong thoi.
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CHUONG 2. KIEN THUC CO SO VA CONG NGHE SU DUNG

2.1. M6 hinh Ngon ngir Lon (Large Language Model — LLM)
2.1.1. Khdi niém va nguyén ly hoat dong

M6 hinh Ngon nglt Lon (Large Language Model — LLM) 1a mdt loai mé hinh
hoc médy dugc huin luyén trén tap dit liéu van ban khong 16 voi muc tiéu hoc cac quy
luat thdng ké trong ngdn ngit ty nhién. LLM hoat dong dua trén ba thanh phéan chinh:

« Dit liéu huan luyén: Hang nghin ty tir tir sach, bai béo, trang web, code va nhiéu
ngudn khac trén internet.

« Kién trac Transformer: Sir dung co ché Self-Attention dé ma héa ngit canh va moi
quan hé giira cac tir trong chudi dau vao.

* Qua trinh huin luyén: M6 hinh hoc cach du doan token tiép theo (next-token
prediction), tir d6 tich lity duoc kha ning hiéu va sinh ngdn ngir.

Kién tric Transformer 1a nén tang ctia cac LLM hién dai. N6 bao gom hai khéi
chinh 13 ENCODER va DECODER. ENCODER c¢6 nhiém vy mi hoéa chudi dau vao
thanh cac vector biéu dién ngit nghia, trong khi DECODER giai ma céc vector nay dé
sinh ra chudi dau ra. Co ché Multi-Head Self-Attention cho phép mé hinh chu y dong
thoi dén nhiéu phan khac nhau cua chudi dau vao, gitp nim bat cac mdi quan hé ngir
nghia tim xa ma cac kién trac trudc d6 nhu RNN khong thé 1am dugc.

2.1.2. Google Gemini — LLM dwgc sw dung trong duw dn

Trong du an nay, ching em lya chon stir dung mé hinh Google Gemini (cu thé 1a
gemini-2.5-flash) thong qua Google Generative Al API. Day 1a mo hinh LLM thé h¢
moi cua Google DeepMind, co nhiéu wu diém ndi bat so v6i cac md hinh can chay cuc
bd nhu Gemma 7B hay Llama:

« Khéng yéu cau phan cirng manh: Chay hoan toan trén cloud cua Google, khong
can GPU v6i VRAM 16n (so sanh: Gemma 7B can it nhit 24GB VRAM).

« Hiéu suiit cao: Tc d6 phan hdi nhanh, chat lugng sinh ngdn ngit tiéng Viét tot.

« API mién phi: Google cung cip quota mién phi hang ngiy, pht hop cho moi
truong nghién ctru va thir nghiém sinh vién.

« HO tro da ngdn ngir: Hiéu va sinh tiéng Viét tét, pht hop cho d6i tuong sinh vién
Viét Nam.

Trong file rag.py cua dw an, mo hinh dwoc khoi tao nhu sau:
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llm = ChatGoogleGenerativeAl(model="gemini-2.5-flash", temperature=0)

Tham sd temperature=0 dugc dit dé dam bao cu tra 101 nhat quan va chinh x4c,
khong mang tinh sang tao ngau nhién — phu hop vai bdi canh hd tro hoc tap can do tin
cay cao.

2.2. Chatbot va Hé thong Héi Pap Thong Minh

Chatbot 1a mot chuong trinh may tinh c6 kha nang mo phong cudc hoi thoai voi
con nguoi thong qua giao dién van ban hodc giong nodi. Trong du an nay, chatbot duogc
xdy dung theo kién traic RAG — két hop kha ning tim kiém tai liéu v6i kha ning sinh
ngon ngit tu nhién.

Quy trinh xtr Iy ctia chatbot trong hé théng gdm bdn budc:

6. Nhan cau héi: Nguoi dung nhép cau hoi qua giao dién web.

7. Truy xudt tai liéu: Hé thong tim kiém cac doan tai liéu lién quan nhét tir FAISS
vector database.

8. Téng hop ngir canh: Két hop cau hoi, lich str hdi thoai va cac doan tai li€u tim
dugc thanh mot prompt dau vao cho LLM.

9. Sinh céu tra 1oi: LLM (Gemini) xir Iy prompt va tra vé cau tra 1i tu nhién, duoc
hién thi cho ngudi dung.
2.3. Ky thuat RAG (Retrieval-Augmented Generation)
2.3.1. Pinh nghia va kién triic téng quan

RAG (Retrieval-Augmented Generation) 1a mot ki thuat két hop hai thanh phan:
mot hé théng truy xuat thong tin (Retriever) va mot mo hinh sinh ngdn ngit (Generator).
Y tudng cdt 161 1a trude khi sinh cau tra 1o, hé thong sé& tim kiém cac doan vin ban lién
quan tir co s& dit liéu cyc bd va cung cp chiing nhu "ngit canh bd sung" cho LLM. Nho
d6, LLM khong can phai nhé hét moi thtr trong qua trinh huan luyén ma c6 thé dua vao
thong tin dugc truy xuat theo thdi gian thyc.

Quy trinh RAG trong dy 4n nay bao gdm 5 buéc chinh:

10. Document Loading (Tai tai liéu): Poc file PDF tir thu muc backend/data bang
PyPDFLoader cia LangChain.

11. Splitting (Chia nhé van ban): St dung RecursiveCharacterTextSplitter voi
chunk_size=1024, chunk overlap=200 d¢ chia tai liéu thanh cac doan nho c6 ¥ nghia.

12. Embedding & Storage (Nhing va lwu trir): Chuyén doi cic doan vin ban
thanh vector s6 hoc bang mé hinh all-MiniLM-L6-v2, sau d6 luu vao FAISS vector
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database tai backend/db.

13. Retrieval (Truy xuét): Khi ngudi dung dit cau hoi, cdu hoi ciing duoc nhiing
thanh vector va tim kiém top-k=3 doan tai liéu twong dong nhit bang Similarity
Search.

14. Generation (Sinh cau tra loi): Cac doan tai liéu duoc truy xXuét cung lich st hoi
thoai va ciu hoi duoc ghép thanh prompt va gui dén Gemini dé sinh cau tra 10i.

2.3.2. Tam quan trong ciia RAG trong bdi todn hé tro hoc tip

Trong bai toan hd tro hoc tap CNTT, RAG mang lai nhitng 1oi thé vuot troi so
v6i viée chi ding LLM thuan tiy hay cong cu tim kiém thong thuong. Cu thé, RAG
gitip cdu tra 1oi chinh x4c hon vi dugc cin ¢t tryc tiép vao ndi dung gido trinh, khong
dua trén kién thirc tong quét c6 thé sai léch hay 16i thoi. Tinh minh bach ciing dugc nang
cao khi hé théng c6 thé chi rd ciu tra 161 duoc trich xuét tir tai liéu nao, trang bao nhiéu.
Ngoai ra, vi khong can hun luyén lai mo hinh, vi¢c cap nhat kién thtrc chi don gian la
thém tai liéu mdi vao thu muc data va chay lai ingest.py.

2.4. Embedding va Vector Database
2.4.1. Embedding — Biéu dién vin bén thanh vector sé hoc

Embedding 1 qua trinh chuyén ddi dir liéu van ban (text) thanh cac vector s6
trong khong gian da chiéu. Mdi vector 1a mot ddy s6 thuc dai dién cho nghia va ngi
canh cua doan van ban d6. Hai doan van ban c6 ndi dung tuong tuy nhau s€ c6 vector gén
nhau trong khong gian vector (khoang cach cosine nho), trong khi cic doan van ban
khong lién quan s€ c6 vector & xa nhau.

Trong du an, mdé hinh embedding dugc st dung la all-MiniLM-L6-v2 tu
HuggingFace — mot md hinh nhé gon (chi 22MB), hiéu qua va hoan toan mién phi. Mo
hinh nay duoc tai vé va chay cuc bo, khong can két ndi API bén ngoai, dam bao tdc do
va tinh riéng tu cua dir liéu. Pay 1a su khéac bi¢t so voi dg an tham khao su dung
BAAI/bge-large-en (560MB) — cach tiép can ctia dy 4n nay nhe hon va phi hop hon cho
moi truong may tinh sinh vién.

Khoi tao embedding trong file ingest.py:
embeddings = HuggingFaceEmbeddings(model name="all-MiniLM-L6-v2")

2.4.2. FAISS — Co so dir liéu vector
FAISS (Facebook AI Similarity Search) 1a thu vién ma nguén m& do Facebook

Al Research phat trién, chuyén dung cho bai toan tim kiém twong dong (similarity
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search) trén tap dir liéu vector 16n. FAISS c6 kha ndng luu trir hang triéu vector va tra
vé k vector gan nhat v&i mot vector truy van trong thoi gian rat ngin.

So sanh FAISS véi Chroma:

Bang 2.1 So sanh FAISS vé&i Chroma

Tiéu chi FAISS (du an nay) Chroma (du an tham khio)
Nguédn goc Facebook AI Research Chroma Inc. (mi ngudn mé)
Téc d6 tim kiém  Rét nhanh (t6i uu cho Nhanh
CPU/GPU)

Luu trit File nhi phan cuc bo SQLite + file binary

Cai dat Pon gian: pip install faiss-cpu  Can cai thém chromadb

Phu hop véi Dy 4n nho-vira, may tinh sinh Dy 4n ¢ nhiéu tinh ning phuc
vién tap

Sau khi xtr Iy va luu trit, vector database dugc luu tai thu muc backend/db va
duoc tai lai mdi khi server khoi dong dé phuc vu cac truy van.
2.5. LangChain — Framework X4y dung Ung dung LLM
LangChain la mdt framework ma nguén mé duge thiét ké dic biét dé don gian
hoa viéc xay dung cac ting dung st dung md hinh ngdén ngt 16n. Trong dy an nay,
LangChain déng vai tro 1a "keo két dinh" giita cac thanh phan: n6 cung cip cac class
sin c6 dé tai tai liéu, chia nhé van ban, tao embedding va két ndi voi LLM.
Céc thanh phan LangChain dugc st dung trong du 4n:
« PyPDFLoader: Doc va chuyén dbi file PDF thanh danh sach cac Document object,
mdi object chira noi dung trang va metadata (tén file, s6 trang).
* RecursiveCharacterTextSplitter: Chia vin ban theo thir tu wu tién cac ky tu xudéng
dong, khoang tring, gitip duy tri tinh toan ven ngit nghia cua tirng doan.
* HuggingFaceEmbeddings: Tich hop cdc m6 hinh embedding tr HuggingFace
Hub, chay hoan toan cuc bg.
* ConversationBufferMemory: Luu trir lich st hdi thoai trong bd nhd, cho phép

chatbot duy tri ngit canh qua nhiéu luot hoi dap lién tiép.
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* ChatGoogleGenerativeAl: Wrapper tich hgp Google Gemini API vao pipeline
LangChain.
2.6. FastAPI — Backend Framework

FastAPI 1a mot framework web hién dai cho Python, dugc thiét ké dé xay dung
API hiéu suit cao. bay la su khac biét dang ké so v&i du an tham khao sir dung Flask —
FastAPI c6 nhiéu uu diém vuot troi trong bdi canh xay dung API cho hé thong Al

« Hiéu suét cao: H) tro xtr Iy bat ddng bd (async/await) ty nhién, cho phép server xir
Iy nhiéu request ddng thoi ma khong bi block.

« Tu dong sinh API docs: Cung cap Swagger UI tai /docs dé kiém tra API truc tiép
trén browser.

« Validation dir liéu: Str dung Pydantic dé validate dit liéu dau vao ty dong, giam 15i
runtime.

« CORS Middleware: Tich hop sin CORSMiddleware, cho phép frontend (HTML
local hoic web) két nbi dén backend dé dang.

Trong dy 4n, FastAPI cung cap hai endpoint chinh: POST /chat dé xur 1y cau hoi
va tra vé cau tra 10i tir RAG pipeline, va POST /upload dé nhén file PDF tai én tir nguoi
dung va ty dong cap nhat vector database.

2.7. Giao dién Ngwoi dung — HTML, CSS va JavaScript

Khac véi dy 4n tham khao st dung Gradio dé tao giao di¢n, du an nay xay dung
giao dién web tiiy chinh hoan toan bang HTML, CSS va JavaScript thuan (Vanilla JS).
Hudng tiép can ndy mang lai nhitng loi thé rd rang:

« Kiém soat toan by UI/UX: Khong bi gi6i han bdi cac component c6 sin cua
Gradio, c6 thé tity chinh giao dién theo y mubn.

* Nhe va nhanh: Khong can cai dat thu vién frontend bd sung, chay truc tiép trén bat
ky browser nao.

« Tai sir dung va mé rong dé dang: Code frontend thudn c6 thé tich hop vao bat ky
hé théng web nao ma khéng c6 dependency phirc tap.

Giao dién sir dung Fetch API ctia JavaScript dé giao tiép khong dong b (AJAX)
v6i backend FastAPI, hién thi cdu tra 101 theo thoi gian thyc ma khong can reload trang.
2.8. Tong hop va So sanh véi Du an Tham khao

Bang dudi day tom tat su khac biét vé& cong nghé giita dir an RAG Chatbot cla
chiung em va du 4n tham khao RAG-GEMMA:
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Bang 2.2 su khac biét vé cong nghé giita du an RAG Chatbot va dy an tham
khao RAG-GEMMA

. N o Du an tham khio (RAG-
Thanh phan Du an toi (RAGchatbot)
GEMMA)

LLM Google Gemini 2.5 Flash Google Gemma 7B (Local,
(API Cloud) 8.54B params)

Embedding all-MiniLM-L6-v2 (22MB, BAAI/bge-large-en (560MB,
local) local)

Vector DB FAISS Chroma

Backend FastAPI (Python) Flask (Python)

Giao dién HTML/CSS/JS thuén Gradio

Yéu cau GPU Khéng can GPU Tbi thiéu 24GB VRAM

Phu hop véi May tinh sinh vién binh May chu GPU chuyén dung
thuong

Nhu vay, diém khéc biét 16n nhét cta du 4n so v6i tham khao 1a ching em da lya
chon kién trac nhe hon, phil hop véi diéu kién phan cing thuc té cta sinh vién, trong
khi vin dam bao chat lugng cau tra 10i thong qua viéc sir dung Gemini APIL. Day 1a mot

quyét dinh k¥ thuét c6 chu dich, huéng dén tinh kha thi va trién khai thuc té.
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CHUONG 3.PHAN TiCH THIET KE HE THONG

3.1. Phan tich h¢ thong
So d6 workflow tong quat ciia Chatbot RAG sir dung:
e Large language model (LLM): ChatGoogleGenerativeAl/gemini-2.5-flash.
e Embedding model: HuggingFaceEmbeddings/ all-MiniLM-L6-v2.

o] A Cl«unking - - Chunk Embedd:ng Embeddings Database
8l -] | | e || e |
® :

Documents  SQL Code

. . .E ig nd
Application & M»
e <, ) embedded query
t Promp‘t O/. : Stored Vectors
LLM 4 Q : Similar Vector
Streamed response ontext + Query | @ : Query Vector
__ i e

=
RAG Workflow
0 The user enters ____ 3 Retriever fetches information > e Relevant information is augmented
a query. relevant to the query. to the prompt as context.
e Response to the user ¢—— o LLM generates a response to the prompt
o
iz hunk \
Knowled a Chunks
edge Base Vector

1

Hinh 3.1 So d6 workflow ctia chatbot

Hé théng dugc thiét ké hoat dong theo md hinh Thé hé Tang cuong Truy xuét
(Retrieval-Augmented Generation - RAG), bao gdm hai giai doan chinh: (1) Tao 1ap co
s& tri thirc dang Vector (Offline) va (2) Truy xuit va Phan hoi ndi dung (Online).
Quy trinh tong thé bao gém 5 budc luan chuyén dir liéu va xir Iy ndi dung nhu sau:

a. Giai doan 1: Tao lap co sé tri thirc (Knowledge Base Construction)

Muc tiéu ctia giai doan nay 13 chuyén d6i co s& dit liéu phi ciu trac thanh dang
dir liéu ma mdy tinh c6 thé hiéu va so sanh dugc. Pay 1a budc chuan bi dit liéu (Giai
doan Offline) cho hé thong trude khi tuwong tac véi nguoi dung.

« Buwéc 1: Tap hop va Chuian héa Co sé tri thire (Knowledge Base Collection)
Tap hop toan bd cac ngudn dir liéu gbe, bao gdm céac tép tai liéu vian ban (.pdf )Cac
ngudn dit liéu nay sau d6 duoc chuyén qua quy trinh Phan mang (Chunking) dé chia
nho thanh cac doan vin ban (Chunks) c6 kich thudc phit hop va quan 1y dugc. Diéu nay

gitip t6i wu hoa qua trinh tinh toan va luu trit tiép theo.
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e Buwdc 2: Nhing vian ban va Luu trir co sé dir liéu Vector (Embedding & Vector
Storage) Cac doan van ban da dugc phan mang s€ dugc dua qua mé hinh Nhiing
(Embedding Model). M6 hinh nay thyc hién viéc ma hoa mdi doan vin ban thanh mét
vecto sb da chiéu (Vector), dai dién cho ngit nghia ciia vin ban d6 trong khong gian
khong gian khong gian. Céac vecto ngit nghia nay (Stored Vectors) dugc luu trir vao mot
Co s& dir liéu Vector (Vector Database) chuyén dung, sin sang cho viéc tim kiém.

b. Giai doan 2: Truy xuit va Phén hoi ndi dung (Retrieval & Generation)

Giai doan nay dién ra khi hé théng nhan duoc yéu cau thuc té tir ngudi dung (Giai doan
Online).

« Budc 3: Nhin yéu ciu va Truy xuit ngit canh (Query Reception & Context
Retrieval) Khi ngudi ding (User) nhap mot yéu cau (User Query) thong qua Gng dung
(Application), yéu cau nay s& dugc dwa qua mo hinh Nhung (gidng mé hinh & Budc 2)
dé chuyén ddi thanh mot Vecto' yéu ciu (Query Vector). Hé thong sau d6 thyc hién so
sanh Vecto yéu cau nay voi tap hop cac Vecto ngir nghia da lwu trir (Stored Vectors)
trong Co s¢ dir liéu Vector. Qud trinh so sanh, thuong st dung thuat toan tinh toan do
twong doéng (vi du: do twong dong Cosine), s& tim ra cac vecto co do twong déng cao
nht (tic 13 c6 ngir nghia gin nhét véi yéu cau ctia ngudi dung). Cac vecto nay duoc goi
13 Vecto twong dong (Similar Vector) va dai dién cho Ngir canh (Context) can thiét
dé giai quyét yéu cau.

« Buéc 4: Tao Prompt va Nhan Phan héi tir LLM (Prompt Augmentation &
LLM Generation) Thong tin ngir canh (Context) dugc truy xuat tir Budc 3 s& duoc két
hop truc tiép vi yéu cau ban dau ciia ngudi dung (User Query) dé tao thanh mot Prompt
ting cwong (Augmented Prompt). Cy thé, Prompt ndy cung cip cho Mo hinh ngdn
ngit 16n (LLM) khong chi yéu cau ma con ca kién thirc chuyén mén lién quan tir co s&
tri thirc. Prompt ting cwong (Context + User Query) niy sau d6 duoc giri dén M6
hinh ngdn ngit 16n (Large Language Model - LLM) dé xir ly. LLM s& "doc" ngit canh
dugc cung cap va tong hop dé tao ra phan hdi cé tinh ngit canh cao va chinh xac.

« Buéc 5: Tra Phan hdi cho ngudi ding (Response Delivery) Phan hoi duoc tao ra
tir m6 hinh LLM s& duogc gti nguoc lai cho ing dung. Tai ddy, hé thdng hd tro tinh ning
Streamed response (Phan hdi truyén truc tuyén), cho phép tra phan hdi dan dan cho
ngudi dung theo thoi gian thyc (real-time). Phan hoi cudi cung (Response to the user)

s& dugc hién thi trén giao dién mg dung dé nguoi dung dé dang tiép nhan.
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3.1.1. Cac tac nhan

Trong du 4an RAG Chatbot nay, tac nhan truc tiép st dung 1a: Ngudi dung.

~

3.1.2. So do Usecase tong qudt

/ RAG Chatbot \
<<inclu\de>>

/'/ R N ,\\\ \\
L —§ Nhép céau hoi/yéu cau P---. _<<include>> “~a

= o

“®  Két ndi vao website
e gy <<include>z -~

s T ‘———__, N\_//
Ngudi dung \(Tal lcnvaxuly file PDF\-"' /,/'

\/Chatbot dua ra cau tra 101\’ )

Hinh 3.2 So d6 usecase tong quat

_ -~ <<include>>

3.1.3. Cic Usecase chi tiét

3.1.3.1. Dac ta chirc nang Nhdp cau hoi
a) Dac ta chirc nang

Tac nhan: Nguoi dung.

M0 ta chirc nang: chirc nang Nhap cau hoi cho phép nguoi dung dat cau hoéi cho
Chatbot dé hoi vé nhiing dit liéu riéng di duoc huan luyén gdm du liéu trude tién xu li
trong file docs, va dir liéu upload real-time tir nguwoi dung.

Quy trinh:

1. Nguoi ding nhap vao phan bén trai ctia nat giri tin nhan, né sé mé giao dién
chon file ra dé nguoi dung chon file.

2. Sau khi nhap cdu héi ngudi ding bAm nut hinh may bay gidy dé giri.

b) Biéu do usecase
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<<include>>

/ N\
Ngudi dung

Két ndi vao website

Hinh 3.3 Bi€u d6 usecase nhap cau hoi

¢) So do tuan ty

p & B E 5 8

i Website Interface FastAPI Application RAG Controller HuggingFace Embedding Model  FAISS Vector DB
Nguoi ding Frontend Backend ( rag.py ask_rag()) (all-MiniLM-L6-v2) rag.py
: API call ! 2. POST /chat {"question™: "..."} | ' 1 : :
: (CORSMiddleware) . 4.Coiask rag(q) ! : :
' — (< api.py 5. Chuyén g thanh Query Vector _ i i
i l¢.. 3 Giaotiép quaCORS ____ rag.py il :
! {code CORSMiddleware) 6. similarity_search(Query Vector, k=3) rag.py & i
: | s s Retunrelevantdocs 1]

7. load_memory_variables({})
8. Tai lich st chat rag.py

! le Returns history i
N = e | et S e [ I T R o e e N T T ok
! 9. invoke(Augmented Prompt) ] LLM
] (content from context and history), code: rag.py | ( Gemini 2.5 flash)
14, Hidn thi cau ra PR — Retumsanswer . 1
kMQ“é“_ 10. save_context(input: g, output: answer_text) rag.py !
: | 12. Tré vé JSON Response 11. Tra vé answer and 'U i
H L 13. (answer, sources) LI~ sources 1 i
" I __(code code return) ! ¥
Ngudi ding | ConversationBufferMemory

Bl
Website Interface (FastAPI Application RAG Controller
=2 (rag.py
S askrag() |

Hinh 3.4 So dd tuan tu nhap cau héi

3.1.3.2. Dic ti chirc ning hudn luyén bang file PDF

o
A

a) Dac ta chirc nang
Tac nhan: Nguoi dung.
Mo ta chtre nang: chirc ning Huan luyén bang file PDF sau khi file dwoc tai 1én, doi
Chatbot xir 1i dit liéu dé san sang chat voi dit liéu do.
Quy trinh:
1. Nguoi ding bam vao nat bén canh nit gui tin nhin
2. Chon file tor may va upload

b) Biéu do usecase
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/ Huén luyén bang file PDF
\ riéng

<<include>=>

Két ndi vao website

Hinh 3.5 Biéu dd usecase chirc niang huan luyén bang file PDF

Ngudi dung

¢) So do tuan ty

Huin luyén bing file PDF
riéng

HuggingFace
Embedding Model
(all-MiniLM-L6-v2)

Backend
(Ham ingest())

VectorDB
(FAISS)

1: B4m nut chon
Upload PDF files

i ( Loai b6 "or doc files"

i vi code chi xt¥ Iy PDF)

B

G yéu cau huén
luyén d liéu

L

L

2: Tai tai lidu véi PyPDFLoader

Chia nho tai liéu ;
(chunk_size=1024, :
chunk_overlap=200) '

3: Yau cAu nhing cAc phan doan!
(all-MiniLM-L6-v2) H

4: Luu Embeddings va tai liéu vao VectorDB (FAISS) !

'
|

Xac nhan luu DB

' 6: Dt ligu PDF da duoc
budn luyén, héy dat cau hgi

Ngu()ri dung

; :

: D e ;
. 5: Huén luyén hoan tht
Backend HuggingFace Embedding VectorDB ‘
(Ham ingest()) Model (FAISS)
(all-MiniLM-L6-v2) 4|

Hinh 3.6 So d6 tudn ty chtc nang hudn luyén bang file PDF
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3.1.3.3. Dac ta chirc nang Chatbot dwa ra cdu tra loi
a) Dac ta chirc nang
Tac nhan: Nguoi dung.
Mo ta churc nang: chirc ndng Chatbot dua ra cau tra 161 cho phép nguoi dung nhan cau
tra 101 tr Chatbot.
Quy trinh: Chatbot hién thi ciu tra 101 trén gido dién ngudi ding

b) Biéu do usecase

Chatbot dwa ra cau tra loi

| Két ndi vao website
Nguti dung

Hinh 3.7 Biéu dd usecase chtrc ning chatbot dua ra cau tra 10i

¢) So dd tuan tu

Chatbot dwa ra céu tra 161
MNgudi dung
ul Hé théng

1: Chd chatbot tra L

2: Yéu cau dugc gui

3: Cau trd 1o dudc tra vé

Hinh 3.8 So dd tuan ty chirc ning chatbot dwa ra cau tra 1oi
3.2. Phan Tich Cac Ngudn Dit Liéu
Cac nguén dit liéu c6 thé duoc sir dung trong viéc huin luyén va kiém thtr Chatbot

co thé bao gom:
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Tap dit liéu PDF: Cac tai li€u, bai bao, sach hoac cac nguén dir liéu van ban khac
c6 thé duoc st dung dé huan luyén mo6 hinh Chatbot & dinh dang PDF.

Tai li¢u Offlline: Tuong tac vdi cac tai liéu ma ban da tién xir 1y va vector hoa va
c6 san trong data.

Real-time Uploads: D& dang tai 1én cac tai liéu PDF trong sudt cac phién tro
chuyén cua ban thong qua giao dién tuong tdc voi nguoi dung, cho phép chatbot xur 1y
va phan trng voi ndi dung ngay 1ap tiec.

3.3. M6 Ta Qua Trinh Chuin Bi va Tién X Ly Dir Liéu:

Qua trinh bat dau bang viéc trich xuat dit liéu tir cac tép PDF thong qua module
PyPDFLoader, chuyén dbi tai liéu phi cu tric thanh vin ban tho. Sau do,
hé thong thuc hién phan tach van ban bang k¥ thuat
RecursiveCharacterTextSplitter, chia nho ndi1 dung thanh cac doan (chunks) 1024 ky
tw v6i dd chong 1ap 200 Ky tw dé bao toan ngir canh. Cudi ciing, cac doan vin ban nay
duogc vector hoa thong qua mo hinh all-MiniLM-L6-v2 va luu trit tip trung tai co s¢ dit
liéu FAISS. Quy trinh ndy gitp bién tai liéu tho thanh chi muc ngit nghia, sdn sang cho
viéc truy xuat téc do cao.

3.3.1. Giai doan chuin bij dir liéu

bay la giai doan tiép nhan va lam sach dit liéu dau vao. Hé th6ng thuc hién quét
toan bd thu muc dit liéu dé nhan dién cac dbi tuong tri thic can nap.

« Trich xudt vin ban (Text Extraction): Str dung PyPDFLoader dé boc tach noi
dung tir dinh dang PDF phi c4u trac. Qua trinh nay khong chi 1ay vin ban ma con luu
giit cac siéu dir liéu (Metadata) nhu tén file, sb trang — yéu t6 then chdt cho chic ning
"Hién thi ndi dung truy xuat" sau nay.

« M3 ngudn trién khai:

docs

for file in os.listdir(DATA_PATH):

if file.endswith(".pdf"):
loader = PyPDFLoader(os.path.join(DATA_PATH, file))
docs.extend(loader.load()

Hinh 3.9 Tao kho dé luu trit Database

3.3.2. Giai doan trung gian: Toi wu héa cau truc dir li€u
Gitra vi¢c c6 dir li€u tho va viée tao ra cac Vector, c6 nhitng qué trinh xur Iy ngam

cuc ky quan trong dé dam bao tinh chinh xac cho Chatbot:
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e Phan manh van ban (Text Chunking): Do cac m6 hinh ngon ngit (LLM) va mé
hinh nhing (Embedding) déu c6 gii han vé "cira s6 ngit canh" (Context Window), dit
liu can dugc chia nho. Viée sir dung RecursiveCharacterTextSplitter giup cit vin ban
mot cach thong minh tai cac diém ngit ty nhién nhu ddu ciu hodc xubng dong.

« Bio toan ngir canh (Context Preservation): Thong qua tham sb chunk_overlap,
cac doan van lién ké s& c6 mot phan ndi dung chung. Pidu nay dam bao rang néu mot
thong tin quan trong bi ndm & cudi doan 1, n6 van s& xuit hién & dau doan 2, giup Al
khong bi mét di su lién két logic.

« M4 nguon trién khai:

splitter = RecursiveCharacterTextSplitter(
chunk_size=1024,
chunk_overlap=200

chunks = splitter.split_documents(docs)

Hinh 3.10 Chunking
3.3.3. Giai doan Vector hoa va Nhung ngir nghia
Day 1a budc "sb hoa" tri thirc, chuyén tir ngdn ngir con nguoi sang khong gian toan hoc
da chiéu.
Trich xuit dic trung (Feature Extraction): S dung mé hinh all-MiniLM-L6-v2. Mbi
doan vin ban (chunk) s& dugc dua qua mo hinh nay dé tinh ton va tra vé mot diy sb
thuc (Vector). Cac Vector nay dai dién cho "toa do nglr nghia" ctia doan van d6. Hai
doan vin c6 ndi dung gidng nhau s& c6 toa do gan nhau trong khong gian nay.

Ma ngudn trién khai:

embeddings = HuggingFaceEmbeddings(
model name="all-MinilLM-L6-v2"

Hinh 3.11 Embedding

3.3.4. Giai doan tao lap co s& dir liéu Vector
Pay 1a budc xdy dung cau trac tim kiém nhanh cho hé théng.
Lap chi muc FAISS (Indexing): Thu vién FAISS s& nhan toan by cac Vector vira tao ra

va xay dung mdt cau trac dir liéu dang cay hodc do thi dé t6i vu hoa viéc tim kiém hang
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x6m gan nhat (Nearest Neighbor Search). Thay vi tim kiém tir khoa tht cong, FAISS
tim kiém dua trén khoang cach toan hoc giita cac Vector.
Mai ngudn trién khai:

db = FAISS.from_documents(chunks, embeddings)

Hinh 3.12 FAISS

3.3.5. Giai doan két qua va dong goi (Result & Persistence)
Budc cudi cung dé duy tri hé théng 6n dinh va sin sang hoat dong.
Luu trit vat 1y (Persistence): Toan bo cau tric chi muc va dit liéu Vector duge ghi xudng
6 ctg. Viéc nay giup hé thdng khong phai chay lai toan bd quy trinh ingest mdi khi
khoi dong lai Chatbot, giup tiét kiém thoi gian xtr 1y va tai nguyén hé thong.
M3 nguon trién khai:

db.save_local(DB_PATH)

print(f" @ D3 tao DB véi {len(chunks)} chunks")

Hinh 3.13 Luu dit liéu vao 6 ciing
3.3.6 Két qua
Dit liéu dd dugc nuot tron va xtr Iy muot ma nam gon trong 6 cing dé san sang cho viée

hoi dap.
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CHUONG 4. XAY DUNG UNG DUNG

4.1. Céu tric dv an

RAGCHATBOT

backend
data

Giao trinh tin dai cuong.pdf
Giao trinh Triét hoc Mac - Lé Nin.pdf
Mau 4-CDR_CNTT.pdf
Mau 5-CTDT_CNTT.pdf
On thi Olympic Tin hoc 2023.pdf
Retrieval_Granularity.pdf

Tai liéu 6n tap trac nghiém + bai tap v1 ...

fontend
<> index.html
JS script,s

style.css

.gitignore
iIngest.py
main.py

rag.py

Hinh 4.1 Tong qua cau tric du an
1. Thu muc backend/
bay la noi luu trir dir liéu nguén va co sé dur liéu vector:
« data/: Chira cac tép tai liéu goc dinh dang PDF (nhu Giao trinh Triét hoc, dé thi
Olympic Tin hoc...) dung dé cung cép kién thirc nén cho chatbot.
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o db/: Luu trr chi muc vector da dugc lap (nhu index.faiss). Pay 1a "bo nho" giap
hé théng tim kiém thong tin nhanh chéng tir cac tai liéu trong thu muc data.
2. Thu muc frontend/
Chura céc tép tin xay dung giao dién nguoi dung web:
« index.html: Dinh nghia ciu tric khung cua trang web (6 nhap cau hoi, ving hién
thi tin nhén).
« script.js: Xt 1y logic phia may khéach, guri yéu cau tir nguoi dung téi Backend va
hién thi cau tra 10i tir chatbot.
« style.css: Quy dinh giao dién, mau sic va cach trinh bay truc quan cho ing dung.
3. Cac tép tin thuc thi chinh (Root)
o ingest.py: Tép tin ddm nhan nhiém vu tién xir 1y dit li€u: doc file PDF, chia nhé
van ban (chunking) va day dit liéu vao co sé dit liéu vector (db/).
« rag.py: Chira logic cdt 16i ctia quy trinh Retrieval-Augmented Generation. Tép
nay thyuc hién viéc truy van thong tin tir tai liéu va két hop véi mo hinh ngdn ngir
16n (LLM) dé tao ciu tra 10i.
« main.py: Piém khdi chay (Entry point) cta tmg dung. Tép niy thudng dong vai
tro API Server (dung Flask hodc FastAPI) dé két ndi giira Front-end va cac ham xir
1y trong rag.py.
« .gitignore: Tép ciu hinh dé loai bo cac tép tin khong can thiét (nhu venv/,
__pycache ) khi day code 1én cac hé théng quan 1y phién ban nhu GitHub.
4.2. Thiét ké giao dién va chirc niing ciia Chatbot
Giao dién cua hé théng duoc thiét ké theo phong céach hi¢n dai vdi tong mau tdi
(dark mode), tap trung vao sy don gian va toi wu trai nghiém ngudi ding.
Giao dién s& cung cp mot hop vin ban dé ngudi dung nhap cau hoi va mot khu
vuce hién thi cac cau tra 101 tir Chatbot.
Chtrc ning co ban ctia Chatbot bao gdm viéc hiéu va phan hoi cac cau hoi cua

nguoi dung mot cach chinh xéc va linh hoat.
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, ProTutor Chat dif liéu

Q/J H8 trg tim hidu va giai bai
- tap.

Nhap cau hoi hodc tai Ién tai liéu dé bat dau.

Hinh 4.2 Giao dién chatbot
Tong quan giao dién
Giao dién chinh cua hé théng duoc chia thanh hai khu vuc:
« Thanh chirc niing bén trai dung dé hién thi logo hé théng, tén ung dung va
huéng dan st dung nhanh.
o Khu vuc tro chuyén bén phai 1a noi nguoi dung nhép cau hdi, tai tai licu va
nhan phan hoi tir Chatbot.
Hé thdng duoc thiét ké theo bd cuc dang dashboard giup t6i vu khong gian hién
thi va tang tinh tuong tac voi nguoi dung.
Cic thanh phin chinh cia giao dién gom c6:
» Logo va tén tng dung “ProTutor”
« Khung huéng dan nhanh cho ngudi dung
« Khu vyc hién thi ndi dung hoi thoai
« O nhap cau hoi
o Nut tai file dir li¢u
 Nut gtri cau héi

Logo va khu vue gi6i thiéu hé thong
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ProTutor
Q Hé trg tim hiéu va giai bai
tap.

Huéng dan nhanh

- Nhap cau hdi
. Tailén file

« Nhan cau tra I18i truc tiép

Hinh 4.3 Logo va khu vuc huéng dan

Phia bén trai giao dién 13 phan logo va thong tin gidi thiéu cua hé thong. Logo
duogc thiét ké voi biéu twong kinh lup thé hién chirc ning tim kiém va truy xuat thong
tin cuia Chatbot.

Tén ung dung “ProTutor” mang y nghia mot trg 1y hoc tap thong minh hd tro
ngudi ding tim hiéu tai lidu va giai bai tap. Bén dudi 1a mo ta ngan gon gitp ngudi dung
nhanh chong hiéu dugc muc dich sir dung ctia hé thong.

Khung hwéng din nhanh
Bén dudi phan giéi thiéu 1a khung “Hudng din nhanh”, gitip nguoi dung méi cd
thé thao tac dé& dang ngay tir 1an dau sir dung. Noi dung hudng dan gom:
o Nhép cau hdi vao 6 chat
o Tai file tai lidu can truy van
« Nhan cau tra 10i truc tiép tir Chatbot
Thiét ké nay giup tang tinh than thién va giam thoi gian 1am quen vé6i hé thong.

Chat dir liéu

Nhap cau héi hoac tai Ién tai liéu dé bat dau.

Hinh 4.4 Khu vuc chat
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Khu vue tro chuyén dir liéu
Khu vuc chinh cua giao dién 1a man hinh “Chat dit li¢u”, noi hién thi toan b noi
dung tuong tac gitra nguoi dung va Chatbot.
Nguoi dung c6 thé:
o Dat cau hai lién quan té1 tai licu
« Theo ddi phan hoi tir Chatbot
e Quan sat ndi dung hdi thoai theo thoi gian thyuc
Khung chat duoc thiét ké voi kich thudce 16n nham t6i wu kha niang hién thi noi dung dai
va tao trai nghiém tuong tu cac hé théng Al Chat hién dai.
O nhap ciu hoi
Phia dudi giao dién 1a 6 nhép li¢u cho phép ngudi dung nhép cau hoi hoac yéu
cau truy vén dit liéu.
O nhap duoc thiét ké bo goc, mau tdi ddng nhét voi giao dién tong thé nham tao
cam giac hién dai va dé nhin. Placeholder “Nhap cu hoi ctia ban...” gifip dinh huéng
thao tac cho nguoi dung.

Sau khi nhap noi dung, nguoi ding c6 thé giri cau hoi bang nit giri ¢ bén phai.

Nhap cau héi cua ban...

Hinh 4.5 O nhap chat
Chirc nang tai file dir li€u
Bén canh 6 nhap la nut tai file cho phép ngudi dung upload tai li¢u phuc vu cho
qua trinh truy van dit liéu bang k¥ thuat RAG.
Hé thdng h tro tai 1én cac dinh dang tai liéu phd bién nhu:
« PDF
« DOCX
o TXT
Sau khi tai 1én, dit liéu s& duoc xtr 1y, chia nho vin ban va luu vao Vector Database dé
phuc vu truy van.
Nt giri cau hoi
Nt giri duoc thiét ké véi biéu twong may bay gidy nhdm mé phong thao tac giri

tin nhin trong cac ung dung chat hién dai.
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Khi ngudi dung nhan nat gui:

Cau hoi s& duoc chuyén t6i backend xtr 1y

Hé théng thyc hién truy van dit liéu lién quan

M6 hinh ng6n ngir 16n sinh cau tra 161

Két qua dugc hién thj truc tiép trén giao dién chat
Danh gia giao dién

Giao dién cua hé thdng duoc xay dung theo hudng t6i gian nhung van dam bao
day du chtrc nang can thiét cho mot hé thong Chatbot RAG hién dai.
Mot sb wu diém cua giao dién:

o Thiét ké truc quan, dé sir dung
o Tong mau téi giup giam moi mat khi sir dung 1au
« Bb cuc rd rang, dé thao tac
o Ti uu trai nghiém tro chuyén voi Al
« HO tro tai tai lidu va truy van nhanh chong
4.3. T6i wu héa va cai thién hiéu suit Chatbot

Dé toi wu hoa va cai thién hiéu suit caa Chatbot, c¢6 thé ap dung cac phuong
phép va ky thuét nhu:

Toi wu hoa thuat todn va mo hinh: Cai thién hiéu suat ciia mo hinh va thuét toan
LLM thong qua vi¢e diéu chinh siéu tham sé, tinh chinh kién tric mo hinh, hodc str dung
cac phuong phap hoc sau tién tién.

Tbi uu hoéa backend va giao dién nguoi dung: Toi wu hda ma ngudn va ciu tric
ctia backend dé dam bao ung dung hoat dong mugt ma va nhanh chong. Béng thoi, cai
thién giao dién nguoi dung dé tang tinh than thién va trai nghiém nguoi ding.

Thu thap va phan hoi tir ngudi dung: Lién tuc thu thap phan hdi tir nguoi ding
dé cai thién va tinh chinh Chatbot theo thdi gian. Phan hoi tir nguoi ding s& gitip xac

dinh céc van dé va di€m yéu ctua Chatbot dé co thé khac phuc va cai thién.
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KET LUAN VA HUONG PHAT TRIEN

I. Két qua dat dwoc va nhirng han ché

Trong du an NCKH nay, mot chatbot da dugc phat trién dua trén mé hinh RAG
va cung cdp giao dién nguoi dung tuong tac bang html,css va js. Chatbot ndy c6 kha
nang tra 101 cac cau hoi, cung cip thong tin va twong tac voi ngudi ding mot cach linh
hoat va hi¢u qua. Tuy nhién, trong qua trinh thyc hién dy an, mot sb han ché di duoc
phat hi¢n, bao gém:

Téc d xir Iy cham: Mot trong nhiing thach thirc chinh 14 toc d6 xir Iy ctia chatbot
chua da nhanh do han ché cua viéc chay mo hinh trén may tinh c4 nhan. Dy &n st dung
mod hinh gemini-2.5-flash cua Google, day 1a mdt trong nhirng mo6 hinh ngén ngir 16n
(LLM) khong phai 13 hiéu qua nhét do 1 phan 13 dung free . Mic du cung cép két qua
chinh xac va chi tiét, nhung viéc xir 1y 1 dit liéu 16n lam anh hudng kha cao téi toc do
xu 1y cua chatbot

St dung moé hinh nhung HuggingFaceEmbeddings: Mo hinh nhing
HuggingFaceEmbeddings, cu thé 1a dong all-MiniLM-L6-v2 trong hé thong, tuy t6i wu
vé toc do nhung van ton tai nhiing nhuoc diém nhét dinh vé& mat ky thuat. Do hoat dong
cuc bo trén tai nguyén may cht, mé hinh nay thuong bi han ché boi dung lugng bo nhd
RAM va strc manh tinh toan cia CPU/GPU, dan dén hiéu suat giam sat khi phai xir 1y
céc kho tai liéu PDF c6 khdi luong cuc 16n. Bén canh do, do dai cua sO ngit canh bi gidi
han & murc 256-512 tokens khién viéc nim bt y nghia ctia cac doan van ban dai trd nén
kho khan, d& 1am mat di tinh lién két giita cac y chinh. Kha ning hiéu siu cac thuat ngir
chuyén nganh phtrc tap hodc ngdn ngi tiéng Viét da nghia ciing chua thé sanh bang cac
mo hinh thuong mai tra phi nhu OpenAl hay Google Gemini. Cubi cung, viéc thiéu kha
nang ty dong cap nhat tri thirc khién hé théng doi hoi phai thyuc hién lai quy trinh nhing
(embedding) thii cong mdi khi c6 su thay d6i nho vé dit liéu ngudn.

Gid6i han trong xir ly dinh dang file: Hi¢n tai, chatbot RAG chi c6 kha ndng xtr
Iy cac tép tin PDF. Diéu nay gi6i han kha ning cta hé thong trong viée twong tac véi dir
lidu tir cac dinh dang tép tin khac nhu Word, Excel, hay cac ngudn dir liéu truc tuyén.
Diéu nay c6 thé gay kho khin khi ngudi ding mudn sir dung cac loai tai liéu khac ngoai

PDF, giam tinh linh hoat va ti€n ich cua chatbot.
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bé khic phuc nhitng han ché trén, hé théng can duogc nang cép déng bo vé ca ha
tang 13n kién trac xtr Iy dir liéu. D6i vé6i tde dd phan hdi, giai phap t6i wu 1a chuyén doi
sang str dung cac phién ban API tra phi dé wu tién bang thong truyén tai, két hop véi ky
thuat Streaming Response giup hién thi cdu tra 101 ngay khi dang khoi tao thay vi chd
doi toan bo qua trinh xir 1y hoan tat.

V& mé hinh nhung, viéc thay thé HuggingFaceEmbeddings bang cac mo hinh
Cloud-based Embedding (nhu text-embedding-004 cua Google) sé& gitip giai quyét triét
dé bai toan tai nguyén phan cting, dong thoi mé rong ctra s6 ngit canh dé nim bat thong
tin chuyén sau tot hon. Pé ting tinh linh hoat, hé théng can tich hop thém cac bo thu
vién da nang nhu Unstructured hodc Pandas, cho phép trich xuét va chuin hoa dir liéu
tir da dang dinh dang nhu Word, Excel hay ndi dung tir Website. viéc trién khai co ché
Incremental Ingestion (nhing bo sung) s& cho phép chatbot ty dong cap nhat nhirng
thay d6i nho trong dit liéu ma khong can phai thuc hién lai quy trinh huin luyén tir dau,
t6i wu hoa dang ké thoi gian va hiéu suat van hanh.

Déi v6i han ché vé dinh dang file, giai phap trong tam 1a xay dung mot bé nap
dir liéu da nén tang bang cach tich hop thém cac thu vién xir 1y tai liéu manh mé thay
vi chi phu thudc vao PyPDFLoader.

Cu thé, hé théng c6 thé tich hop thu vién python-docx dé xir 1y cac tép tin Word
va Pandas hodc Openpyxl dé trich xut dir liéu tir bang tinh Excel, gitip chatbot c6 kha
nang doc hiéu céac bao céo sb lidu phtrc tap. Pé tbi uu hon, viéc st dung céac cong cu
nhu Unstructured.io s& gitip chatbot tr dong nhan dién va chuan héa moi loai dinh dang
tir hinh anh (qua OCR) dén mé ngudn va ndi dung website truc tuyén.

Ngodi ra, can phét trién thém mot 16p tién xir 1y trung gian dé chuyén doi tat ca
cac dinh dang khac nhau vé mdt chuén vin ban dff)ng nhat (Markdown hodc Plain Text)
trudc khi dua vao quy trinh nhung, tor d6 dam bdo tinh linh hoat, da dang hoa nguén tri

thirc va mo rong tdi da kha nang tiép can thong tin ctia ngudi ding.
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II. Danh gia hiéu suat va két qua:
Giai dap bat ky thic mic nao

Huéng dén nhanh

Bot: Dya trén tai ligu dudc cung cdp, day la tom tat vé triét hoc:

Triét hoc giai quyét nhiéu vén dé lién quan, trong 86 c6 mét
**vén dé cd ban** cyc ky quan trong, 13 nén tang va diém xuét
phat dé giai quyét nhiing van dé con lai. Theo Angghen, vdn dé
€0 ban Ién cia moi triét hoc, ddc biét 1a triét hoc hién dai, 13
**vén dé quan hé gida tu duy véi tén tai**.

Tai liéu cing dé cap dén dac diém cla triét hoc théi ky chi

nghia kinh vién, véi hoc thuyét ciia Tomat Dacanh thé hign nd
Iyc 1am cho hoc thuyét ciia Arixtét thich hgp v gido ly dao
Thién Chua.

Bot: Dya trén ai ligu dugc cung cap, 'aé quy’ xust hién trong
céc tiéu dé nhu *THUAT TOAN DE QUY* va "Dé quy nhi phan”.
Tal lidu nay chi liét ké cac chu dé lién quan dén dé quy chif

Hinh cudc tro chuyén mau

Mic du con nhiéu thiéu s6t, nhung RAG Gemma da cho thay nhimng két qua tich
cuc, bao gobm hoat dong 6n dinh, cung cap cau tra 1oi dung voi cau hoi, va truy xuét dir

liéu chinh xac. Mot s6 diém ndi bat cia RAG Gemma bao gSm:
1. Panh gia vé Kha niing xir Iy va Phan hoi (Performance)

« D) chinh xéc: Chatbot thé hién kha ning tra 161 chinh x4c cac cau hoi dua trén noi
dung tai liéu PDF d3 nap. Nho kién trac RAG, hé théng d3 han ché toi da hién tuong

"40 giac" (hallucination) thuong gap & cac Al thong thuong.

« Toc dd phan hdi: St dung mo hinh gemini-2.5-flash cho téc do phan hoéi kha
nhanh. Thoi gian xtr 1y trung binh cho mot cau héi dao dong tir 2-4 gidy, phu hop cho
viéc trong tac truc tiép.

o Khi niing hiéu ngir canh: Véi ky thuat ConversationBufferMemory, chatbot co
kha nang duy tri mach héi thoai, hiéu duoc cac cau hoi tiép ndi dya trén ngir canh phia
trude.

2. Panh gia vé Quan Iy va Xir Iy Dir liéu (Data Processing)

« Hiéu qua tién xir ly: Quy trinh ingest hoat dong 6n dinh. Viéc thiét 1ap chunk_size
1024 va overlap 200 gitip hé thng trich xuat dugc cac doan vin ban mang day du y
nghia, khong bi mat thong tin tai cac diém ngit.

« T6i wu héa tim kiém: Co so dir liéu FAISS két hop véi md hinh nhung all-
MiniLM-L6-v2 cho két qua truy xuit trong dong (similarity search) chinh xac. Hé
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thong tim dung doan vin ban chira cau tra 1oi ngay ca khi nguoi dung khong str dung
chinh xac tir khoa trong tai li¢u.

« Kha niing hru trir: Chirc ning luu trir cuc bo (save_local) gitp hé théng bao toan
tri thire, tiét kiém thoi gian va tai nguyén khi khong phai huan luyén lai mdi 1an khéi
dong.

3. Panh gia vé Giao dién va Trai nghiém nguoi dung (UI/UX)

« Tinh than thién: Giao dién duogc thiét ké hién dai, bd cuc 13 rang véi cac khoi
Sidebar huéng dan va Panel tro chuyén truc quan.

« Chirc niing tai 1én: Hé thong cho phép nguoi ding tai file tryc tiép tir giao dién
va cap nhat tri thic ngay 1ap tic (Real-time Ingestion), ddy 1a diém manh vé tinh tién
dung.

« Twong tac true quan: Chatbot c6 cac chi bao trang thai (nhu hién thi tén file dang
tai, icon loai file) giup ngudi dung dé dang theo ddi qua trinh xir 1y cta hé thong.

4. Danh gia vé Tinh bio m4t va On dinh

o Tinh riéng tu: DT li¢u dugc nhing va luu trit cuc b trén may chu (Local Storage),
gitp nguoi dung an tdm hon khi xur 1y cac tai liéu ndi b thay vi gui toan bo dir li¢u
1én cac nén tang dam mAay cong cong.

« Sw 0n dinh: Hé thong chay 6n dinh trén méi trudng FastAPI, co ché xir 1y 13i
(Exception Handling) trong code dam bao chatbot khong bi ngét quang khi gip file 16
hodc dinh dang khong hd tro.

5. Tong két mirc d9 hoan thi¢n

« Mikc do dap ing yéu cau: Hé thong da hoan thanh 90% muc tiéu dé ra ban dau
vé mot cong cu ho tro giai dap dua trén tai li¢u ca nhan.

« Huwéng phat trién: Két qua nay dit nén mong viing chic dé mé rong thém cac
tinh ning nhu trich dan nguén chi tiét hon, hd tro da dinh dang file (Docx, Excel) va
trién khai 1én méi truong Internet thuc té.

III. Huéng phat trién dé cai thién Chatbot trong twong lai

1. Pa dang héa dinh dang va ngudn dir liéu dau vao
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« HOb trg da tép tin: Mé rong kha ning xtr 1y khong chi tép PDF ma con cic dinh
dang ph6 bién khac nhu Microsoft Word (.docx), Excel (.xIsx) va PowerPoint (.pptx)

thong qua viéc tich hop céac thu vién chuyén dung nhu python-docx va Pandas.

« K&t ndi dir liéu truc tuyén: Phat trién tinh ning truy xuat dit liéu truc tiép tir cc
duong dan Website (Web Scraping) va cac dich vu luu trir ddm may (Google Drive,
OneDrive), gitip Chatbot cdp nhat thong tin thoi sy va tai liéu hoc tap mot cach linh

hoat hon.
2. T6i wu héa mé hinh nhiing va kha ning truy xuit

« Nang cip cong nghé Embedding: Chuyén dbi tir mo hinh chay cuc bo sang cac
mo hinh nhiing tién tién trén nén tang ddm may (nhu Google Vertex Al Embedding
hoic OpenAl Ada). Piéu nay giup mé rong cira so ngit canh, cho phép hé théng hiéu

sdu cac van ban dai va thudt nglt chuyén nganh phtc tap.

« Co ché cap nhat tri thirc tw dong: Trién khai k¥ thuat Incremental Ingestion
(nap dit liéu b6 sung). Chirc ning nay cho phép hé thong chi cap nhat nhitng phan di
liéu méi thay doi thay vi phai xtr Iy lai toan b kho tri thirc, gitip tiét kiém tai nguyén
va thoi gian van hanh.

3. Nang cao trii nghiém twong tac va tinh minh bach

« Trich din ngudn chi tiét (Citations): Hoan thién giao dién dé hién thi chinh xac
doan vin ban gdc va s trang tai liéu ma Chatbot d3 sir dung dé tra 10i. Viéc nay giup

ngudi ding d& dang d6i chiéu va xac thuc do tin cdy cta thong tin.

« Tich hop phan hdi thoi gian thuc (Streaming Response): Ap dung ky thuat
truyén phat dir liéu theo thoi gian thuc, giup cau tra 101 hién thi dan ngay khi dang duoc
tao ra, tir d6 giam thiéu cam gidc cho doi va tang tinh tuong tic sinh dong cho nguoi
dung.

4. Tang cwong kha nang da phuwong thirc (Multimodal)

« Xir Iy hinh &nh va bang biéu: Tich hop cong nghé nhan dang ky tu quang hoc
(OCR) dé Chatbot c6 thé doc va phan tich ndi dung tir cac hinh anh, so d6 hoic bang
biéu nam trong tai liéu, vén 1a nhitng phan dir liéu thuong bi bo qua trong cac phién

ban hién tai.
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5. Trién khai va Mé rong quy mé

« Dua hé thong 1én méi truong Internet: Thyc hién ciu hinh Dockerize hé thong
va trién khai trén cac nén tang VPS hodc Cloud (nhu Google Cloud Platform, AWS)
dé nguoi dung c6 thé truy cap va sir dung Chatbot moi liic, moi noi thay vi chi gi6i han
¢ moi truong may chu cuc b (Localhost).

Nhimng hudng phat trién ndy c6 thé gitp cai thién hiéu sut va do chinh xac cua

chatbot, ddng thdi tao ra mot trai nghiém tdt hon cho ngudi dung trong tuong lai. Bing
cach lién tuc nghién ctru va phat trién, t6i hy vong rang chatbot s& trd thanh mot cong

cu hiru ich va da dang, dap ing dugc moi nhu cau cia nguoi dung.
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TAI LIEU THAM KHAO

1. Framework va Kién tric Hé thong (FastAPI & RAG)

FastAPI Documentation: Tai liéu hudng dan chinh thirc vé cach xay dung hiéu ning
cao cho Web API véi Python, duoc sir dung dé xdy dung Backend cho Chatbot.

Link: https://fastapi.tiangolo.com/

Viét Nguyén AI: video huéng dan chi tiét vé cach tao nén chatbot rag.

Link: https://youtu.be/ F7Gnmk5Ta4?si=sefFFSUWiqd7qBzT

2. Xir Iy Dir liéu va Chudi lién két (LangChain)

LangChain Documentation: Tai liéu khung 1am viéc (Framework) chinh dung dé két

ndi cac thanh phan nhu PDF Loader, Text Splitter va Vector Store trong duy 4n.

Link: https://python.langchain.com/docs/get started/introduction

Recursive Character Text Splitter (LangChain API): Chi tiét vé k¥ thuét chia nho
vian ban (Chunking) dé bao toan ngit canh dugc ap dung trong ma ngudn.
Link:

https://python.langchain.com/docs/modules/data_connection/document_transformers/

3. M6 hinh Ngon ngir va Nhung (LLM & Embeddings)

Google Gemini API Documentation: Huéng dan st dung mo hinh Gemini-1.5-Flash

thong qua API dé xr 1y cau héi va tao cau tra 101,

Link: https://ai.google.dev/docs

Hugging Face - all-MiniLM-L6-v2: Thong sé ky thuat cia mé hinh Embedding ma

nguon mé dugce st dung dé chuyén doi van ban sang Vector ngir nghia.

Link: https://huggingface.co/sentence-transformers/all-MiniLM-L6-v2

4. Co s¢ dir lieu Vector (Vector Database)

FAISS (Facebook AI Similarity Search): Tai liéu vé thu vién chuyén dung dung dé

tim kiém céac doan vin ban tuong dong trong khong gian vector da chiéu.

Link: https://engineering.fb.com/2017/03/29/ml-applications/faiss-a-library-for-

efficient-similarity-search/



https://fastapi.tiangolo.com/
https://youtu.be/_F7Gnmk5Ta4?si=sefFF5UWiqd7qBzT
https://python.langchain.com/docs/get_started/introduction
https://python.langchain.com/docs/modules/data_connection/document_transformers/
https://ai.google.dev/docs
https://huggingface.co/sentence-transformers/all-MiniLM-L6-v2
https://engineering.fb.com/2017/03/29/ml-applications/faiss-a-library-for-efficient-similarity-search/
https://engineering.fb.com/2017/03/29/ml-applications/faiss-a-library-for-efficient-similarity-search/

