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I. MODAU
1. Ly do chon dé tai

An toan thue pham 12 mét linh vuc quan trong tai Viét Nam. Hé thong phap

luat trong linh vuc nay tuong dbi hoan thién, véi trung tam la Ludt An toan thyuc
pham s6 55/2010/QH12 (stra d6i, b6 sung nam 2025) cing hon 170 vin ban duéi
luat bao gom nghi dinh, thong tw, quyét dinh va thong tu lién tich. Tuy nhién,
viéc tra ciru d6i voi doanh nghiép SME va nguoi dan ving sdu ving xa gip trd
ngai 16n do ngdn ngir phép 1y phirc tap va ha tang internet thiéu on dinh.

Nguyén nhan chinh bat ngudn tir dic thi ngdn ngit phap 1y phirc tap, khoi
lugng van ban dd so, tan suét sira dbi cao, cung su thiéu Véng cac cong cu tra
ctru théng minh bang tiéng Viét. Piéu nay din dén khoang cach dang ké giita
quy dinh phap luit va kha ning tuan thu trong thuc té. Hau qua 13 cac vu ngd
doc thuc phém tap thé, vi pham quy dinh vé vé sinh an toan thuc phém van dién
ra thuong xuyén, gay thiét hai 16n vé strc khoe cong dong va kinh té.

Trong bdi canh dé, sy phat trién manh mé& ciia M6 hinh Ngbn ngit Lon
(Large Language Models — LLMs) va k¥ thuat Retrieval-Augmented Generation
(RAG) di moé ra hudng tiép can méi cho linh vuc phép 1y: xdy dung tro 1y 4o
phap luat hoat dong ngoai tuyén (offline), c6 kha nang hiéu cau hoi tiéng Viét tu
nhién, truy xuat chinh xac diéu khoan lién quan va cung cip cau tra 15i c6 dan
chiéu ngudn rd rang, dang tin cay.

2. Muc tiéu nghién ctiru

Muc tiéu tong quat: Nghién ciru va phat trién mot hé thong chatbot RAG
ngoai tuyén, chuyén biét tra 10i cau hoi vé phap luat trong linh vuc an toan thuc
pham tai Viét Nam, voi dat do chinh xac va tdc dd phan hoi dap tng yéu cau va
c6 kha ning cp nhat tri thirc linh hoat ma khong can két ndi Internet.

Muc tiéu cu thé: Tap trung vao viéc thiét ké va phat trién co s¢ tri thire phap
luat vé an toan thyc pham tir hon 170 vin ban quy pham phép luat chinh thirc.
Tiép theo, xdy dung pipeline RAG ngoai tuyén st dung md hinh nhung

BAAI/bge-small-en-v1.5 va m6 hinh ngdén ngit 16n cuc bd Qwen2.5:7B-Instruct-



Q4 0 théng qua nén tang Ollama. Dé tai ciing trién khai co ché dong bo delta
(delta-synchronization) vdi ID chunk 6n dinh dua trén ham bam SHA-256, nham
cho phép cap nhét vian ban méi hodc stra d6i trong thoi gian dudi 25 gidy. Ngoai
ra, phat trién giao dién quan tri web dua trén khung Flask va chatbot dong 1énh
v6i tinh ning trich din ngudn ty dong. Cudi cing, danh gia hiéu ning hé thong
thong qua cac bo chi sé dau vao.

3. P6i twong va pham vi nghién ctru

3.1 Pé6i twong nghién ciru

Péi twong nghién ctiru 1a mot hé thong phan mém hoan chinh, dugc thiét ké
nham hd trg tra ctru, giai thich va cung cap cin cit phéap 1y chinh xéc trong linh
vuc an toan thuc phém tai Viét Nam. Cu thé, dé an tap trung phat trién mot ung
dung chatbot hoi dap phap 1y dua trén kién trac Retrieval-Augmented Generation
(RAG), van hanh hoan toan trong méi trudng ngoai tuyén (offline). Toan bo di
liéu van ban phap ly, chi muc vector ciing nhu mé hinh ngén nglr dugc luu trir va
xu 1y trén may cuc by hodc may chu ndi bd, khong phu thudc vao cac dich vu
API dam may, nham dam bao tinh chu dong, bao mat va kha nang trién khai
trong moi truong han ché két ndi Internet.

Vé mat kién trac k¥ thuat, ing dung bao gdm cac thanh phan chinh nhu: thu
thap, tién xir Iy va chuan hoa; mo-dun chia doan vian ban (chunking) c6 chong lan
nham bao toan ngit canh, déng thoi gan metadata chi tiét cho timg doan nhu sd
diéu, khoan, diém, ngay ban hanh va tinh trang hiéu luc. Cac doan van ban sau
khi xir 1y dugc chuyén d6i thanh vector embedding va luu trit trong co s¢ dir liéu
vector (vector store). Khi ngudi dung dit cau hoi, mo-dun truy xuit thong tin
thuc hién tim kiém twong ddng vector dé lya chon cac doan vin ban lién quan
nhit; Mo-dun sinh ngdn ngit str dung cic mo hinh ngdn ngir 16n ma ngudén mo,
c¢6 kha ning tinh chinh (fine-tuning), nham tao ra cau tra 10i bang tiéng Viét kém
theo trich dan 3 rang t&i cac diéu khoan phap luat lién quan. Giao dién ngudi

dung ciia hé théng duoc thiét ké & mirc téi gian, dudi dang chatbot hoic giao



10

dién dong 1énh, hd trg hién thi déng thoi ndi dung tra 101, doan van ban nguén,
metadata va lién két trich ddn dé nguoi dung co thé kiém chimg thong tin.

Bén canh viéc xdy dung hé thdng, dé an tip trung thiét 1ap mot quy trinh
danh gid hi¢u nang thyc nghiém dua trén b dir licu kiém thir chuan (Ground-
truth) gdm céc kich ban truy van thuc té. Thay vi cac danh gia dinh tinh théng
thuong, chit luong hé thdng duoc dinh luong cu thé thong qua chi sé Recall@5
dé do luong kha ning truy xuat chinh xdc cac doan vin ban luat va chi sb
Faithfulness (46 trung thuc) dé kiém soat hién tuong 4o giac ciia mo hinh ngén
ngir. Qua trinh dénh gia duoc thuc hién két hop gitta phuong phép ty dong va
tham dinh tir chuyén gia dua trén thang do Likert 5 diém, tap trung vao tinh khop
1énh gifra ciu tra 10 sinh ra v6i ngudn trich dan phap 1y géc.

Trén co s& d6, muc tiéu cbt 161 ciia d& an 1a thiét ké va trién khai mot mé
hinh thir nghiém (prototype) hé théng RAG ngoai tuyén c6 kha nang xu 1y ngén
ngt ty nhién tiéng Viét 6n dinh, dam bao tinh bao mat va quyén riéng tu tuyét
d6i cho nguoi dung. Thong qua viéc phan tich chuyén sau cac két qua thuc
nghiém vé d6 chinh xéac trich dan (Citation Accuracy) va thoi gian phan hoi hé
théng, dé an cung cip cac 1ap luan khoa hoc vé viéc lya chon mé hinh nhiing
cling nhu chién luoc phan doan van ban, tir 4o dé xuét 1 trinh tdi wu hoa k¥ thuat
nham nang cao tinh kha thi cua hé¢ théng khi trién khai thuc té tai cac khu vuc
han ché vé ha téng mang.

3.2 Pham vi nghién ciru

Pham vi nghién ciru dugc xac dinh ¢ bon chiéu: khong gian ndi dung, thoi
gian, ngudn dir liéu va cong nghé trién khai, cing cac rang budc va ngoai 16. Vé
pham vi ndi dung, dé an tap trung nghién ciru cac vin ban quy pham phap luét co
lién quan truc tiép dén 1inh vuc an toan thuc phﬁm tai Viét Nam. Pham vi nay
bao gém cac luat, nghi dinh, thong tu, quyét dinh va cac van ban huong dan thi
hanh lién quan dén hoat déng quan 1y nha nudc, san xuat, ché bién, kiém tra,

kiém nghiém va luu thong thuc pham.
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Vé pham vi thoi gian, xtr 1y cac van ban phap luat con hi€u luc hodc con hiéu
luc mot phan, duoc ban hanh tinh dén thoi diém thang 12 nam 2025. Mic du hé
thdng c6 kha ning tiép nhan va cip nhat cac vin ban méi phat sinh sau méc thoi
gian ndy théng qua co ché ingest dit liéu, song cac thi nghiém, danh gia va két
luan trinh bay trong ludn vin chi dya trén trang thai phap 1y ctia hé thong tai thoi
diém cap nhat dén thang 12/2025. Viéc giéi han mdc thoi gian nhim dam bao
tinh nhat quan va kha ning tai lap cua cac két qua nghién ciru.

Vé pham vi dit liéu, ngudn dit liéu chinh cua dé an 1a tap hop khoang 170
van ban phap luat chinh thirc dugc thu thap tor website vbpl.vn thudec Bo Tu phéap
hoac cac nguén chinh thirc tuong duong. Cac van ban dugc lua chon dua trén
tiéu chi co cac tir khoa “an toan thuc phim” va dugc cong bd cong khai; cac vin
ban mang tinh ndi bg, ho so vu viéc cu thé hodc chua duoc cong bd rong rai dugc
loai trir khoi tap dit liéu nghién ciru. Bén canh d6, trong truong hop can thiét va
dugc phép str dung, dé an co thé bd sung mot sb tai liéu chuyén mén nhu quy
chuan k¥ thuat, tiéu chuan quéc gia hoic tai liéu hudng din chuyén nganh c6 lién
quan chit ché dén an toan thuc phdm. Mdi vin ban trong tap dit liéu dugc gan
cac metadata ti thiéu bao gom tén vin ban, loai vin ban, ngay ban hanh, ngay
hiéu luc, ... nham phuc vu cho viéc truy xut, trich dan va kiém chimg thong tin.

Vé pham vi cong ngh¢ va trién khai, dé an gi61 han viée st dung cac moé hinh
ngodn ngit va cac thanh phan tim kiém vector trong méi trudng may c nhan hoic
may chu nd1 bg, khong phu thudc vao cac dich vu APl ddm may thuong mai.
Cach tiép can nay nham dap ung yéu cau vé bao mat thong tin cling nhu kha
nang van hanh trong cac khu vuc co diéu kién két ndi Internet han ché. Cac cong
nghé duoc Iya chon da phan 1a ma ngudn mo hodc cac giai phap c6 ban quyén
mién phi, nhim giam chi phi trién khai. V& tai nguyén phan cimg, hé thdng duoc
thiét ké dé c6 thé van hanh trén mdy tinh ca nhan véi cau hinh trung binh; trong
truong hop st dung cac md hinh ngén ngir ¢ kich thudc 16n, hé théng cé thé

duoc trién khai bd sung trén may chu ndi bd c6 trang bi GPU.
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V& pham vi nguoi ding muc tiéu, hé théng hudng t6i phuc vu cac nhoém dbi
tugng thudng xuyén c6 nhu ciu tra ciru va ap dung nhung gip han ché trong viéc
tiép can thong tin. Dua trén dic diém nay, hé théng duoc yéu cau co giao dién
don gian, hd tro tu van bang ngdn ngit tw nhién tiéng Viét, hién thi rd rang cac
trich dan diéu khoan phap luat lién quan va c6 kha ning hoat déng hoan toan
ngoai tuyén.

Bén canh cac pham vi néu trén, dé an cling xac dinh rd cic rang budc va
ngoai I¢ cua nghién ctru. Cu thé, hé théng duoc xay dung véi vai tro hd tro tra
ctru va tham khao thong tin phap 1y, khong thay thé hoat dong tu van phéap 1y
chuyén sau cua luat su va khong dua ra cac quyét dinh phéap 1y chinh thic hay
thay mit co quan quan 1y nha nuéc. Vé mit phap 1y, hé thong chi xir Iy va cung
cap thong tin tir cic ngudn vin ban cong khai, tuan thi day du cac quy dinh vé
ban quyén va diéu khoan st dung dir liéu. Ngoai ra, cac két qua danh gia va thuc
nghi¢ém trong dé 4n chi phan anh chét lugng hé théng trén tap dir liéu va bd cau
hoi thtr nghiém da duoc xéac dinh; hiéu nang thuc té ctia hé théng c6 thé thay doi
khi pham vi dir liéu dugc md rong hodc khi mo hinh ngoén ngt dugc tinh chinh
thém.

Cudi cung, d 4n 1am rd mdi lién hé giira cc pham vi nghién ciru, trong d6
viéc lua chon cong nghé trién khai theo hudng ngoai tuyén va ma nguén mo chiu
anh huong tryc tiép tir dac thu ciia nhom ngudi ding muc tiéu va cac yéu cau vé
bao mat thong tin. Viéc gidi han pham vi thoi gian dén thang 12/2025 gitip dam
bao tinh nhat quan cho qué trinh thyc nghiém, dong thoi dit ra yéu cau xy dung
quy trinh cap nhat dit liéu dé hé thong co thé duoc duy tri va mé rong trong dai
han.

4. Phwong phap nghién ciru
4.1 Phwong phap nghién ciru 1y thuyét

Trude hét, dé tai tién hanh thu thap, phan tich va téng hop céc tai liéu lién

quan dén kién trac RAG, cac mo hinh ngdn ngir 16n, phuong phap nhing vector,

k¥ thuat danh chi muc va truy van tri thirc, cling nhu cac dic diém khi ung dung
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mé hinh sinh trong ngit canh phap 1y. Viéc nghién ctru nay giup hinh thanh hiéu
biét viing chiac vé quy trinh xay dung hé thong hoi dép dua trén tri thirc va xac
dinh cac thanh phan can thiét cho kién trac ngoai tuyén.

Song song d6, dé tai tong hop nhiing dic thu cia ngdn ngit phap luat tiéng
Viét, dic biét 1a cdu triic cau phirc tap, tinh chudn hoa cao cua thuit ngit phap 1y
va sy chit ché trong dién dat cac diéu khoan phap luat vé an toan thuc phém.
Viéc nam rd dic diém nay cho phép lua chon phuwong phap tach doan, chuin hoa
dir liéu va danh gia tinh chinh xac phap Iy mot cach phu hop. Tiép theo, dé tai
xem xét yéu cau trién khai ngoai tuyén trong méi truong khong co Internet hodc
c6 két ndi han ché, tr d6 xac dinh nhiing tiéu chi bat budc trong thiét ké hé
théng: mo hinh phai chay hoan toan cuc bd, dung luong phti hop véi thiét bi phd
thong va c6 kha nang cap nhat tri thirc dinh ky ma khong can truy cip mang.

Ngoai ra, nghién ciru 1y thuyét con tip trung vao cac hudng téi wu hoa hé
théng RAG danh cho moi truong han ché tai nguyén, ching han nhu t6i vu mo
hinh embedding tiéng Viét, rat gon lugng truy van can thiét, cai thién toc do suy
ludn va giam tiéu thy bd nhd. Nhitng nghién clru nay dong vai tro quan trong
trong viéc diéu chinh giai phap k¥ thuat dé dam bao hé thong van hanh hiéu qua
tai dia phuong.

4.2 Phuwong phap nghién ctru thue nghiém

Phuong phép thuc nghiém duoc trién khai nham kiém chung kha ning
hoat dong ctia mo hinh va danh gia hiéu qua cta hé thong trong cac tinh hudng
thuc té. Trudc hét, dé tai xdy dung bd dit liéu phap luat vé an toan thuc pham
bing cach thu thap cac van ban chinh théng, thuc hién 1am sach, chuin hoa noi
dung, sira 18i va loai bé céc chi tiét khong can thiét. Dir liéu sau d6 duoc phan
chia thanh cac doan nhé twong tmg véi diéu, khoan, diém nhim dam bao kha
ning truy xuat chinh xac, déng thoi duoc chuyén dbi thanh vector thong qua mo
hinh embedding tiéng Viét dé tao kho tri thirc dang vector.

Tiép theo, dé tai thir nghiém nhiéu mé hinh ngdn ngit 16n cuc b véi kich

thudc, boi canh (context window) va yéu cau tai nguyén khac nhau nham xac
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dinh mé hinh t8i vu cho viéc xir 1y cu hoi phap 1y tiéng Viét. Qua trinh thu
nghiém bao gém danh gia tbe do phan hoi, d6 chinh x4c, mic s dung
RAM/VRAM va kha nang van hanh on dinh trén céac thiét bi c6 cau hinh phé
thong. Trén co so lwa chon md hinh phu hop, dé tai xdy dung nguyén mau hé
thong RAG ngoai tuyén diy du, bao gdm cac giai doan xu 1y dit liéu, lap chi
muc, truy van vector, tai xép hang két qua va sinh cu tra 16i. Co ché dong bod
tri thirc theo dang delta duoc tich hop dé dam bao qua trinh cap nhat vin ban
phép luat dién ra nhanh chong ma khong phai tai tao toan bo co s& dit liéu.

Pé danh gia chat luong hé théng, dé tai xdy dung bd cau hoi phan anh
cac tinh hudng nghiép vu thuc té clia can bd tu phap trong linh vic an toan thuc
phém. Hé théng dugc kiém tra dua trén ba tiéu chi: d6 chinh xac phap ly, tinh
day du ciia ciu tra 10i va murc d6 trung thanh véi van ban gdc. Cac két qua duge
phan tich nhdm xac dinh diém manh, han ché va diéu chinh mé hinh cho phu
hop. Cubi cung, toan bo két qua thuc nghiém dugc tong hop va trinh bay nham
minh chitng cho tinh kha thi, tinh hiéu qua va kha ning g dung thuc tién cta
mo hinh.

4.3 Y nghia va déng gép cia dé tai

V& y nghia khoa hoc, dé an gép phan mé rong hudng nghién ciru tng dung
kién trac Retrieval-Augmented Generation (RAG) trong linh vuc phap 1y, voi
trong tam 13 ngdn ngit tiéng Viét va yéu cau van hanh hoan toan ngoai tuyén.
Pé an ciling dé xuat mot giai phap cap nhat tri thirc theo co ché dong bo gia ting
(delta update) dua trén dinh danh doan vin ban 6n dinh (stable chunk ID).

V& ¥ nghia thuc tién, hé théng cung cip cong cu mién phi, dé trién khai tai
cac xa, huyén, tram y té, hop tic xa — noi khong co Internet 6n dinh, gbp phan
giam tai cho can bd tu phap, thanh tra, ting cuong tuan tha phap luat cho dbi
tuong st dung.

4.4 B6 cuc dé an
Pé an dugc chia thanh 4 chuong:

Chuong 1: Co sd 1y ludn va téng quan cac hé thong hién c6
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Chuong 2: Xt 1y va to chirc ngudn dit liéu
Chuong 3: Thiét ké kién triic va cac thanh phan cta hé thong

Chuong 4: Thue nghiém va danh gia két qua
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II. NOI DUNG

CHUONG 1: CO SO LY LUAN VA TONG QUAN VE HE
THONG HIEN CO

1.1 Tong quan vé& xir ly ngdn ngir tw nhién (Natural Language

Processing - NLP)

1.1.1 Khai niém

Xt ly ngon ngir ty nhién (Natural Language Processing — NLP) 1a mdt linh
vuc cua tri tu¢ nhan tao (AI) va khoa hoc may tinh, tap trung vao viéc nghién ctru
va phat trién cac hé thong c6 kha ning hiéu, phan tich, va sinh ngdn ngit ctia con
ngudi dudi dang van ban hodc 10i n6i. NLP dugc hinh thanh tir nén tang cia
ngdn ngit hoc tinh toan, nhung thay vi chi xay dung 1y thuyét, NLP huéng dén

vi€c tao ra cac ung dung thuc tién phuc vu do1 song va san xuat.

1.1.2 Cac nhanh chinh cia NLP
NLP thuong dugc chia thanh hai nhénh chinh:

— Natural Language Understanding (NLU): tdp trung vao viéc phan tich

ngir nghia, ngir phap va ngit canh dé xac dinh y nghia cua van ban.

— Natural Language Generation (NLG): tap trung vao vi¢c sinh ngon ngtr tu
nhién tr dir liéu hoac mo hinh, tao ra van ban co6 tinh mach lac va tu
nhién.

Ngoai ra, NLP thuong dugc két hop voi nhan dang giong ndi (Speech

Recognition) dé xtr Iy ngdn ngilr noéi, chuyén doi gitra &m thanh va van ban.
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1.1.3 Vai tro va tAm quan trong

Xu Iy ngdn nglr tu nhién (Natural Language Processing — NLP) ngay cang
dong vai trd quan trong va tré thanh mot thanh phan khong thé thiéu trong nhiéu
linh vuc cua doi séng va kinh té — x3 hoi. Trong linh vuc thuong mai va dich vy,
NLP dugc tmg dung rong rii trong cac hé théng chatbot, tro Iy 40 va chim séc
khach hang ty dong. Trong y té, cac ky thuat NLP hd trg phan tich hd so bénh an
dién tir va gop phan nang cao hiéu qua chan doan. Trong gido duc, NLP dugc sir
dung trong cac hé théng chdm diém tu dong va cong cu ho tro kiém tra, cai thién
ngir phap. Bén canh do, trong linh virc truyén thong va mang xa hoi, NLP dong
vai tro quan trong trong viéc phét hién ngén ngit thu ghét, kiém duyét noi dung
va phan tich cdm xuc nguoi dung. Ngoai ra, NLP con dugc ting dung rong rai
trong cac hé thong tim kiém va khai thac dit liéu, gop phan cai thién chat lugng
két qua tim kiém, hd tro tom tat vin ban va xay dung cac hé théng hoi—dap tu
dong.
1.1.4 Cac tic vu dién hinh trong NLP

Trong xtr Iy ngdn ngit tu nhién, nhiéu tac vu co ban va nang cao da dugc
nghién ctru va tng dung rong rii, bao gdm phén tich cam xtic, phan loai ngon
nglr doc hai, dich may, nhan dién thyuc thé, phat hién thu rac, stra 16i ngir phap,
phan tich chu dé va sinh van ban. Trén co s& d6, cac hé théng ung dung nhu
chatbot, tom tat van ban va hé théng hoi—dap tu dong dugc phat trién nham hd

trg ngudi dung tuong tac hiéu qua véi dir liéu ngdn ngit tu nhién.
1.1.5 Cach thirc hoat dong

Quy trinh xtr Iy ngdn ngit tu nhién thudng bao gdm ba giai doan chinh:

— Tién xu Iy dir ligu: tadch cau, loai bo tir dung, stemming/lemmatization,

tokenization.

— Trich xuét dic trung: st dung Bag-of-Words, TF-IDF, Word2Vec, GLoVE

de biu dién van ban dudi dang vector.
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— MBO hinh hoa: 4p dung cac thuit toan truyén théng (logistic regression, Naive
Bayes, decision trees, HMM) hodc cdc mo hinh hoc sdu (CNN, RNN, LSTM,

Transformer).

1.1.6 C4c mé hinh tiéu biéu

Trong qué trinh phat trién cta linh vire NLP, nhiéu m6 hinh va hé thong tiéu
biéu d3 danh diu cac budc tién quan trong. Tir cac chatbot so khai nhu ELIZA,
dén nhirng mo6 hinh hdi thoai hién dai, lich st NLP cho thfiy sur chuyén dich tur
cac hé théng dua trén ludt sang cac mo hinh hoc sau dya trén kién trac
Transformer. Cac mo6 hinh embedding ngtt canh nhu BERT, ELMo va RoBERTa
da cai thién dang ké kha nang hiéu ngit canh cia may, trong khi cac mé hinh sinh
ngodn ngit nhw GPT-2 va GPT-3 mo ra hudng tiép can mai cho cac bai toan sinh
van ban va hdi thoai tu nhién. Gan day, cac kién trac nhu LaMDA va Mixture of
Experts tiép tuc thuc day hiéu ning va kha ning mé rong cua cac mo hinh ngdn
ngtr lon.
1.2 Tong quan vé mé hinh ngon ngir 16n (Large Language Model -

LLM)
1.2.1 Giéi thidu

M6 hinh ng6n ngir 16mn 1a mdt trong nhitng dot pha cua tri tu¢ nhan tao trong
nhimg niam gan day. LLM dugc hudn luyén trén ngudn dit liéu vian ban khong 10,
gitip chung c6 kha ning hiéu, phan tich va sinh ngon ngit ty nhién véi muc do
linh hoat va mach lac rat cao. Nhitng md hinh tiéu biéu nhu GPT cua OpenAl,
LLaMA cta Meta, hay Phi ciia Microsoft cho thiy kha ning vuot troi trong nhiéu
tac vu phtrc tap nhu suy luan logic, tom tat vin ban, dich thuat, xu 1y tri thac va
dbi thoai tu nhién. Su phat trién manh mé cia LLM d3 mo ra kha nang tng dung

trong nhiéu linh vyc nhu kinh doanh, san xuét, y té, ...

1.2.2 Kién tric va nguyén ly hoat dong
Céc thanh phan chinh ctia mot hé thong LLM bao gom:
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— Tokenization: Van ban dau vao duoc chia thanh cac don vi nhod goi la
token. Token c6 thé 1a tlr, am tiét hodc tham chi 1a ky tu. Céc k¥ thuat
tokenization phd bién nhu Byte Pair Encoding (BPE) hoic SentencePiece
gitip mo hinh xtr Iy hiéu qua ca tir phd bién 13n tir it gip.

— Embedding Layer: Mdi token duoc anh xa thanh mot vector c6 y nghia
ngit nghia. Embedding cho phép mé hinh hiéu dugc mdi quan hé giita cac
tir, chang han nhu sy twong ddng giita cac thuat ngit phap luat trong cing

mot diéu luat.
— Transformer Architecture: Pay 1a trai tim cua LLM, duoc cAu thanh boi:

o Self-attention: Co ché giup mé hinh tap trung dén céc tir quan

trong trong cau, bat ké vi tri.

o Multi-head attention: Xtr Iy thong tin theo nhiéu “gdc nhin” khéc
nhau dé phat hién quan hé ngit nghia va ct phap.

o Feedforward networks: Trich xuét dic trung sau tu tin hi¢u da

dugc attention xur ly.

o Positional encoding: Luu trit vi tri ctia tir, ddm bao md hinh hi¢u

thir ty tr trong cau.
o Co ché attention giup LLM xt 1y vin ban hiéu qua hon nhiéu so

v6i mo hinh RNN hay LSTM truyén théng.

— Decoder: Trong nhiéu LLM, dic biét 14 m6 hinh decoder-only nhu GPT,
decoder dy doan token tiép theo dua trén toan b ngit canh da hoc. Nho

vay, mo hinh c6 thé sinh van ban ty nhién, mach lac.

— Context Window: Gidi han s6 lwong token ma mé hinh c6 thé “ghi nh6”

trong mot phién tuwong tac (vi du: 32.000 token d6i véi ChatGPT).
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— Output Layer: Sinh c4u tra 16 bang cach chon token c6 xac sut cao nhat

hoic sang tao hon bang sampling.
Quy trinh x1t 1y va sinh van ban cia mo hinh ngon ngir 16n (LLM)

— Buéc 1 — Tokenization: Dit liéu dau vao duogc chia nho thanh cac don vi
goi 13 token, ¢ thé 1a tir, am tiét hodc ky tu. Céc k¥ thuat tokenization phd
bién nhu Byte Pair Encoding (BPE) hodc SentencePiece duogc sir dung
nham gitp mo hinh xtr Iy hiéu qua ca cac tir phd bién 13n tir hiém.

— Budc 2 — Embedding: Mdi token s& dugc 4nh xa thanh mot vector trong
khong gian embedding. Céc vector nay cho phép mé hinh nhén biét méi
quan hé va murc d6 twong dong giita cac token trong ngit canh.

— Budc 3 — Bo sung thong tin vi tri (Positional Encoding): Do kién tric
Transformer khong xtr Iy tuan tu theo thoi gian, thong tin vé vi tri clia
token trong cau dugc bo sung thong qua positional encoding, giup mo
hinh hiéu duoc thr ty va cu tric cta chudi van ban.

— Buéc 4 — Xur 1y qua kién trac Transformer: Dau vao ctia mé hinh 1a chudi
token, dugc anh xa thanh cac vector thong qua Input Embedding, sau do6
két hop voi Positional Encoding nham b sung thém thong tin vé thu ty vi
tri ctia cac token trong chudi. Khéi Encoder bao gdbm N 16p giéng nhau,
mdi 16p gdm hai thanh phan chinh 1a Multi-Head Self-Attention va Feed-
Forward Network. Trong d06, co ché Multi-Head Self-Attention cho phép
mdi token trong chudi dau vao twong tac vai tit ca cac token con lai, tir d6
hoc duoc cac mdi quan hé ngit nghia va ct phap mang tinh toan cuyc.
Feed-Forward Network 1a mang fully-connected dugc ap dung doc lap
cho tirng token, c6 vai tro bién doi phi tuyén va lam giau biéu dién dic
trung. Sau moi thanh phan, mé hinh str dung co ché residual connection
két hop v6i Layer Normalization (Add & Norm) v6i muc dich cai thién
kha nang lan truyén gradient va dam bao su 6n dinh trong khi huan luyén.
Pau ra cta Encoder 1a cac biéu dién ngit canh hoa, duoc truyén sang khoi
Decoder. Khoi Decoder ciing gdm N 16p 1ap lai, mdi 16p bao gom ba
thanh phan: Masked Multi-Head Self-Attention, Encoder—Decoder
Attention va Feed-Forward Network. Trong d6, Masked Multi-Head Self-
Attention sir dung co ché che (mask) dé dam bao rang tai mdi thoi diém
du doan, mé hinh chi c6 thé truy cip thong tin tir cac token trudc do, qua
d6 duy tri tinh nhan qua trong qua trinh sinh chudi. Encoder—Decoder
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Attention cho phép Decoder khai thac truc tiép cac biéu dién tir Encoder,
gitip lién két thong tin dau vao v6i qua trinh sinh dau ra. Tuong tu
Encoder, cac thanh phan trong Decoder déu dugc bao boc bai Add &
Norm. Cudi ciing, dau ra ctia Decoder di qua 16p Linear va ham Softmax
dé tao ra phan phéi X4c suét trén toan bo tap tir vung, tr d6 xac dinh token
dau ra tai mdi bude thoi gian.

— Buéc 5 — Suy luan trong Decoder (d6i v6i mé hinh decoder-only): Trong
cac md hinh nhu GPT, decoder sir dung toan bd ngit canh nam trong
context window dé suy luan va du doan token tiép theo. Qu4 trinh nay
duoc thuc hién lip lai, moi 1an sinh ra mot token méi dua trén toan bd
chudi di c6 trude do.

— Budc 6 — Sinh dau ra (Output Layer): Lop dau ra tao phin phdi xac sut
cho céc token c6 thé sinh tiép theo. Token dugc chon ¢ thé 1a token c6
xéc sudt cao nhat hoic duoc lay mau thong qua cac ki thuat sampling
(nhu temperature, top-p) nham cin bang gitta 46 chinh x4c va tinh linh
hoat cua cau tra lo1.
1.2.3 Qua trinh huin luyén va tinh chinh

Qua trinh xay dung LLM thuong bao gém giai doan tién huan luyén trén
dir liéu vian ban quy mé 16n véi nhiém vu du doan token tiép theo, gitip mé hinh
hoc duoc ciu triic ngdn ngit va tri thirc tong quat. Sau d6, md hinh ¢ thé dugc
tinh chinh (fine-tuning) trén cac tap dir liéu chuyén nganh nhu phép luit, y té
hoic tai chinh nham nang cao hiéu qua cho cac bai toan dic thi. Ngoai ra, cac
phuong phap nhu Reinforcement Learning from Human Feedback (RLHF) dugc
st dung dé cai thién mirc d6 phu hop, an toan va giam thién 1éch trong phan hoi

cua mo hinh.

1.2.4 Danh gia hi¢u ning

Hiéu ning ctia md hinh ngdn ngit 16n dugce danh gia thong qua cac chi sb
phan anh ca chat lwong ngdn ngit va higu suét xtr Iy. Cac thude do nhu
Perplexity dugc dung dé danh gia mirc do phu hop ctia mé hinh voi van ban méi,
trong khi BLEU, METEOR va ROUGE thuong dugc &p dung cho cac bai toan

dich may va tom tat. Kha nang suy luan va hiéu biét da linh vuc dugc kiém tra
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thong qua cac bo benchmark nhu Truthful QA, HellaSwag va MMLU, bén canh
céc chi s6 hiéu nang hé théng nhu toc do xir 1y va do tré. Ngoai ra, cac bai danh

gia ve thién léch duoc st dung nham ki€m tra tinh cong bang cua mo hinh.

1.2.5 Thach thirc va han ché

Mic du dat duoc nhiéu két qua ndi bat, cdc mo hinh ngdn ngit 16n van ton
tai nhitng han ché dang ké, bao gém hién tugng sinh thong tin sai 1éch, gi¢i han
vé do dai ngit canh, nguy co phan anh thién 1éch dit liéu va cac van dé lién quan

dén bao mat.

1.2.6 Ung dung trong thue tién
Trong thuc tién, cdc md hinh ngdn ngit 16n dugc tng dung rong rii trong
nhiéu linh vuc khac nhau. Chiing c6 kha nang hd tro tu dong hoa cac quy trinh xtr
Iy tac vu lap lai, trién khai cac hé thong chatbot théng minh trong dich vu khach
hang, cling nhu phan tich va khai théc tri thic tir cac tap dir liu van ban quy mo
16m. Ngoai ra, LLM con duogc st dung trong hoat dong sdng tao ndi dung nhu viét
bao cdo, bién tap van ban va hd trg nghién ctru, giao duc thong qua viéc giai thich

cac khai niém phtrc tap mot cach truc quan va dé tiep can.

1.3 Tong quan vé k¥ thuit RAG (Retrieval-Augmented Generation)
1.3.1 Giéi thi¢u
Ngay nay, nhu cau tily chinh mé hinh theo dit lidu riéng cua t6 chtc tré nén
cép thiét, tuy nhién, viéc dao tao lai (re-training) hodc tinh chinh (fine-tuning)
thuong rat ton kém. Ky thuat Retrieval-Augmented Generation (RAG) ra doi gop
phan giai quyét van dé nay, cho phép LLM truy xuat dir liéu tir co s& kién thirc
bén ngoai dé tao phan hoi chinh x4c, cap nhat va phu hgp véi ngit canh ma

khong can tinh chinh toan bo mé hinh.

1.3.2 Khai niém RAG
RAG 12 mot khung Al két hop giita kha nang sinh ngon ngit cia LLM va co

ché truy xuat dir lidu. Thay vi chi st dung cdc m6 hinh huan luyén ban dau, RAG
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cho phép truy cip vao co sé dit liéu vector chtra thong tin méi nhat, tir d6 cai

thién r0 rét do chinh xéc va tinh li€n quan cua phan hoi.

1.3.3 Lgiich cuia RAG

Céch tiép can nay giup tiét kiém dang ké chi phi va thoi gian trién khai do
khong can huin luyén lai mé hinh ngdn ngit, dong thoi cho phép hé thdng duoc
xdy dung va dua vao van hanh mét cach nhanh chong. Bén canh d6, viéc két hop
co ché truy xudt tri thirc gitip nng cao d6 chinh xac ctia ciu tra 101, han ché hién
tugng “4o giac” (hallucination) thudng gip & cic mo hinh ngdn ngit 16n khi thiéu
ngir canh dang tin cay. Hé thong ciing c¢6 kha ning cap nhat thong tin mot cach
linh hoat, thong qua viéc két ndi véi cac nguén dir liéu dong nhu website hoac
mang xa héi. Bac biét, kién trac nay dap ing tt cac yéu cau vé bao mat dit liéu,
cho phép luu trir va xtr 1y co sé tri thirc ngay trong moi truong cuc bd hoac trung

tam dir liéu riéng, qua do tranh viéc chia sé cac thong tin nhay cdm ra bén ngoai.

1.3.4 Quy trinh hoat dong cia RAG

Vé quy trinh hoat dong, RAG bt dau bang viéc xdy dung co so kién thuc tir
cac nguén dir liéu nd1 bo nhu tai liéu doanh nghiép hodac tai liéu san phém. Dt
liéu sau d6 dugc tién xir Iy nham 1am sach, loai bo tring 13p va chia nho thanh
cac don vi phu hop. Tiép theo, dit liéu duoc chuyén d6i thanh cac vector ngir
nghia thong qua mod hinh nhung va luu trit trong co s¢ dir li¢u vector. Khi c6 truy
van tir nguoi dung, hé thong s& truy xuat cac vector lién quan nhat va két hop

thong tin nay vé1 mo hinh ngén ngir 16n dé tao ra phan hoi cudi cung.

1.3.5 Ung dung thue tién ciia RAG

Trong thuc tién, RAG di duoc ung dung hiéu qua trong nhiéu linh vuc khac
nhau. Trong san Xuét cong nghiép, RAG hd trg phat hién bat thuong cta thiét b,
g6p phan dy doan bao tri va giam thiéu rii ro gian doan hoat dong. Trong linh
vuc tai chinh, cac hé thong chatbot tich hgp RAG c6 kha ning tong hop thong tin
thi truong va quy dinh méi, tir 46 cung cap tu van kip thoi va phi hop cho khach
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hang. Ddi v6i moi trudng doanh nghiép, RAG gitup nhan vién truy xuit nhanh

cac chinh sach va dir 1iéu nd1 bd, qua d6 nang cao hi¢u suat lam viéc.

C6 thé thiy, RAG mo ra kha ning tich hop dit liéu chuyén sdu ma van dam
bao duoc su bao mat, giam thiéu kinh phi trién khai. D6i véi nghién ctru hoc
thuat, RAG cung cip mot hudng tiép can méi dé khai thac tiém ning cia LLM
trong viéc xur 1y dit liéu dong va da dang. Pbi voi doanh nghiép, RAG mang lai
gia trj thyc tién rd rét, gitip ndng cao ning lic canh tranh trong bdi canh dit lidu

ngdy cang tro thanh tai san chién luoc.

1.4 Khai quat cac thanh phan chinh trong hé thong RAG phap ly

Hé thong Retrieval-Augmented Generation dugc xay dung dya trén ba
thanh phan c6t 18i hoat dong tuan ty va phoéi hop chit ché nham dap tng yéu cau
dac thu cua bai toan tra ctru phap luét an toan thuc phém tai Viét Nam: hoan toan
ngoai tuyén, chinh x4c cao, cap nhat nhanh va ludn trich dan dugc ngudn gbc
phap 1y.

Thanh phan dau tién 1 Retriever — bo truy xuat thong tin. Retriever nhan
cau hoi bang ngdn ngit tw nhién cua nguoi dung, chuyén dbi thanh biéu dién
vector bang mo hinh nhung BAAI/bge-small-en-v1.5 (335 triéu tham s, tai cuc
bd) va thyc hién tim kiém twong dong trong khong gian vector. Vi kich thudc
chunk 1000 ky tu, overlap 200 ky tur va ngudng twong dong t6i thiéu 0.65,
retriever dam bao ludn dua dugce cac diéu khoan phap luat lién quan nhat (thudng
top-5 dén top-7 chunks) vao ngir canh xir 1y tiép theo, giam thiéu t6i da nguy co
bo sét can cu phép ly quan trong.

Thanh phﬁn tht hai 1a Vector Store, duoc trién khai béng ChromaDB — mot
co s& dir liéu vector ma nguén mé, nhe va luu trit bén virng trén dia. ChromaDB
lwu trit toan bd cac vector nhiung ciing metadata chi tiét ctia van ban phap luat
hién hanh. Pic biét, mdi chunk dugc gan mot dinh danh on dinh (stable chunk
ID) tao ra tir ham bam SHA-256 cua duong dén file, chi s6 chunk va ndi dung da

chuan hoa, cho phép thuc hién co ché déng bo delta chinh x4c ma khong phai tai
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tao toan bd chi muc khi ¢6 van ban méi hodc sira doi.

Thanh phan cudi cing 13 Generator — bo sinh vin ban, st dung mo hinh
Qwen2.5-7B-Instruct-Q4 0 (phién ban quantized 4-bit, dung luong khoang 4,7
GB) chay hoan toan cuc bd thong qua Ollama. Vi kién trac 28 tang transformer,
context window 1én dén 131.072 token va kha ning xtr 1y da ngoén ngit manh,
Qwen2.5 nhan prompt dd duogc ting cudng boi cac doan vin ban truy xuét duoc,
sau do sinh ra cau tra 101 tu nhién, ngén gon, dé hiéu brling tiéng Viét va luon kém
theo trich dan chinh xac tén vin ban, s6 hiéu va diéu khoan lién quan. Prompt
template duoc thiét ké nghiém ngit nham budc mo hinh chi tra 101 dya trén
nguon chinh thirc va tir chdi khi khong ¢6 cin clr, dam bao tinh phap 1y va d tin
cdy cao nhat.

Ba thanh phan trén dugc diéu phdi thong nhéat boi framework LangChain
phién ban 0.3.25, tao thanh mot pipeline RAG hoan toan ngoai tuyén, biao mat di
lidu, c6 kha niang cap nhat tirc thi va ludn cung cip cau tra 10i co cin cit phap 1y
1d rang — dap tng dy du nhitng yéu cau ma cac hé thong hd tro tra ctru phap luat
hién hanh tai Viét Nam chua thé dat duoc. Céc chuong tiép theo s€ trinh bay chi
tiét quy trinh to chirc dit liéu va cach trién khai thyc té cic thanh phan nay trong

moi trrong san xuat.

1.5 Cac cong trinh nghién ciru lién quan

Trén binh dién qudc té, linh vuc tri tué nhan tao phap 1y (Legal Al) da
chtng kién su ra doi cua cac hé thong chatbot dua trén Retrieval-Augmented
Generation (RAG) va md hinh ngdén ngit 16n (LLM), nham giai quyét nhiing
thach thirc trong viéc tra ctru va suy luan phap ly tir cac van ban phirc tap. Nhirng
nghién ctru va hé thdng nay khong chi minh ching cho tinh kha thi cia cong
nghé ma con cung cap nhimng bai hoc quy gia vé thiét ké, trién khai va danh gia
hiéu nang, dac biét trong bdi canh phap luat doi héi do chinh xac cao, kha nang
trich din ngudn dang tin cdy va tinh bao mat dir li¢u. Mot s6 cong trinh tiéu biéu

c6 thé ké dén LawLLM: Intelligent Legal System with Legal Reasoning and
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Verifiable Retrieval. Tac gia huéng toi viéc xdy dung mot hé théng phap 1y
thong minh dya trén mo hinh ngén ngi 16n (LLM), ¢6 kha ning cung cap dich vu
da dang, thue hién 1ap luan phap 1y theo logic tu phap, dong thoi tich hop va xac
minh tri thirc truy xuat tir ngudn dir liéu bén ngoai. Diém ndi bat cia LawLLM la
tinh da nhiém vy, khi mé hinh duoc huin luyén dé xu 1y hon muoi loai tac vu
phap 1y khac nhau nhu trich xuét théng tin, tom tit van ban, phan loai vu an, du
doan phan quyét, doc hiéu vin ban phap luat va tra 15i cau hoi phap 1y. Nho do,
hé théng 6 thé phuc vu nhiéu nhém dbi tuong khac nhau, tir luat su, sinh vién
luat cho dén cong chung.

Mot dong gop quan trong khéc cua cong trinh 1a viée 4p dung phuong phap
legal syllogism prompting, buéc mé hinh tuan thu cau tric 1ap luan phap 1y gdm
tién dé 16n (quy dinh phap luat), tién dé nho (tinh tiét vu viéc) va két luan (phan
quyét). Cach tiép can nay giup giam thiéu sai 1éch, tang tinh hop 1y va minh bach
trong két qua. Bén canh do, LawLLM con dugc trang bi co ché truy Xuét c6 thé
kiém chimg, cho phép mo hinh khong chi truy xuét tri thirc tir nguén ngoai ma
con gan nhan xac minh cho timg doan dit liéu duoc str dung. Piéu nay nang cao
dd tin cay va tinh minh bach ctua hé théng, von 1a yéu cau then chét trong cac
tmg dung phap luat thyuc tién.

Dé dat duogc nhitng nang luc nay, nhom tac gia da xay dung bo dir liéu Law-
SFT gém hai tap con: Law-SFT-Pair nham huén luyén da nhi€ém vu va 1ap luan
phap 1y, va Law-SFT-Triplet nham mo phong qué trinh truy xut — tich hop — xéac
minh tri thire. Dit liéu dugc tong hop tir nhidu ngudn, bao gdm céc tap dir lidu
NLP phép ly cong khai (LEVEN, JEC-QA, CAIL), van ban phdp luat va phan
quyét thuc té, cung voi cac by dir liéu m¢o nhu LawGPT va Lawyer-LLaMa.
Chién luoc huan luyén két hop gitta behavior shaping va legal chain-of-thought
gitip mo hinh phat trién tu duy phap 1y mot cach hé théng.

Trong qua trinh danh gia, nhém nghién ctru di xay dung bd chuan Law-
Eval Benchmark, bao gém ca danh gia khach quan (tric nghiém nhiéu muc do

kho) va danh gid chii quan (chat luong cdu tra 10i dai). Két qua cho thay
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LawLLM vuot troi hon hiu hét cac mé hinh phap 1y khac nhu LaWGPT,
ChatLaw, Lawyer-LLaMa, va thdm chi dat hiéu qua ngang hodc cao hon GPT-
3.5 trong nhiéu tic vu. Pic biét, khi dir liéu truy xuit co chira théng tin gy
nhiu, LawLLM van duy tri hiéu qua nhd co ché phan biét va xac minh tri thirc.

Tuy nhién, LawLLM cha yéu dya vao dit liéu tiéng Anh va hoat dong trong
moi tredng dam may, dan dén nhitng han ché vé bao mat va kha ning trién khai
ngoai tuyén & cac khu vuc c6 két ndi han ché.

Tiép ndi dong nghién ctru nay, SaulLM-7B ciia Colombo et al. (2024), duoc
cong b trén nén tang arXiv va phat hanh dudi gidy phép MIT, dai dién cho mb
hinh ngon ngit 16n dau tién duoc huan luyén chuyén biét cho phap 1y véi 7 ty
tham s6. Nhom tac gia xdy dung SaulLM-7B dya trén kién trac mé hinh 7 ty
tham sb, duoc tinh chinh trén mot tap dir liéu phap 1y quy mo 16n bao gdm luat
thanh vin, 4n 1§, cac vin ban huéng dan, tai liéu hoc thuat va cac bo dit lidu lap
luan tu phap. Nho d6, mé hinh khong chi nim bat duoc dic trung ngdn ngir phap
Iy ma con hoc dugc cAu trac lap luan mang tinh hé théng, von 1a yéu cau cbt 16i
trong cac tac vu phan tich phap luat.

Mot trong nhitng diém ndi bat caa SaulLM-7B 1a co ché suy luan theo chudi
(legal chain-of-thought), cho phép mé hinh tao ra cac budc 1ap luan trung gian 1o
rang, ¢6 ciu tric va co thé kiém chimg. Diéu nay gitip khic phuc han ché cua cac
mo hinh LLM tong quat von thudng dua ra cau tra 101 cudi cing ma khong thé
hién qua trinh suy luan. Bén canh d6, nhom tac gia tich hop co ché truy xuit co
kiém chung (verifiable retrieval), giup mé hinh din nguén truc tiép dén cac diéu
luat, an 18 hodc vin ban phap 1y lién quan. Cach tiép cin nay khong chi ting do
tin cdy cta két qua ma con hd trg ngudi ding kiém tra lai cin cir phap Iy mot
cach minh bach.

Thyc nghi¢m cho théy SaulLM-7B dat hi€u nang vuot trdi trén nhiéu bd dir
liéu danh gid phap ly nhu phéan loai van ban luat, tra 161 cau hoi phép ly, phan
tich 1ap luan va tom tit vin ban phap 1y. M6 hinh ciing thé hién kha ning duy tri

tinh nhat quan cao hon va giam thi¢u hi¢n tuong “do giac thong tin” so vdi cac
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mo hinh LLM khéng chuyén nganh. Nhitng déng gép nay cho thiy SaulLM-7B
khong chi 1a mgt mo hinh ngdén ngir 16n duge tinh chinh cho phéap luat, ma con la
mot minh chimg cho huéng tiép can két hop giita suy ludn c6 ciu tric va truy
xudt c6 kiém chung trong cac h¢ thong hd tro phap 1y hién dai.

Cong trinh cua Colombo et al. (2024) mé ra trién vong 1on trong viée trién
khai cac hé thdng trg 1y phap 1y tu dong, hd trg phan tich vin ban luit, tra ciru
can ct phap 1y va dua ra 1ap luan c6 kiém ching. Pay 13 nén tang quan trong cho
céc nghién ciru tiép theo vé xay dung mo hinh LLM chuyén nganh, dic biét trong
bbi canh nhu cau tu dong hoa va sé hoa hoat dong phap 1y ngay cang ting trong
cac co quan nha nude, doanh nghiép va to chirc phap 1y.

Bén canh cdc m6 hinh LLM chuyén biét, cac nghién ctru thuc tién vé trién
khai RAG trong phap 1y ciing dang ch y, chang han hé thong ctia Batifol (2024)
duge mo ta trén Zilliz Blog, st dung Milvus 1am co sé dit liéu vector két hop véi
Ollama cho LLM cuc bd va LangChain dé diéu phéi quy trinh. Hé thdng nay tip
trung vao viéc don gian héa nghién ctru phap 1y bang cach xay dung pipeline
indexing va retrieval-generation, cho phép nguoi dung dat cau héi va nhan phan
hoi ¢6 trich ddn ngudn tir cac van ban hop dong hodc an 1¢. Vi kha ning hoat
dong ngoai tuyén mot phan, hé thng dat tc do phan hoi dudi 5 gidy va do chinh
xac truy xuat 1én dén 87%, dic biét phu hop cho cac vian phong luat nho hoic
nghién ctru ca nhan. Tuy nhién, su phu thudc vao Milvus cho luu trit 16n va thiéu
t6i wu hoa cho ngodn ngir khong phai tiéng Anh di dé lai khoang trong cho céc
nghién ctru dia phuong hoa.

Céc cong trinh khac nhu cudn sach cia Polzer (2025) vé "RAG with Python
Cookbook" cung cap cac cong thirc thuc hanh tir tién xir 1y dir liéu dén xay dung
agent LLM, vé6i Gmg dung cu thé trong phap 1y nhu tich hop RAG véi knowledge
graph dé xur 1y tranh chap hop dong, giup giam ty 1 hallucination xuéng dudi
10%. Tuong tu, Rothman (2024) trong "RAG-Driven Generative Al" huéng dan
xay dung pipeline tuy chinh sir dung Llamalndex, Deep Lake va Pinecone cho

phan tich rii ro phap 1y, dat do chinh xac cao nh¢ adaptive RAG va phan hoi tir
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con ngudi, nhung lai bi han ché boéi phyu thudc dam may. Alto (2024) véi
"Building LLM Powered Applications" va Et Tu Code (2024) trong
"Demystifying LLM" tip trung vao trién khai RAG khéng phu thudc phan cimg
cho phap 1y, trong khi Code Et Tu (2024) kham pha transformer va RAG vé1 cac
chi sb danh gia chuyén sau. Nhirng nghién ctru ndy nhin manh tinh linh hoat cta
RAG nhung cha yéu danh cho tiéng Anh va moéi trudng truc tuyén, chua giai
quyét duoc nhu ciu ngoai tuyén va hd trg ngdn ngit dia phuong.

Tai Viét Nam, linh vuc chatbot phap 1y van con & giai doan so khai, chil yéu
dua vao cac co so dir liéu tinh nhu vbpl.vn hodc thuvienphapluat.vn — noi hd tro
tim kiém tir khoa co ban nhung thiéu kha nang tuong tic ngudi dung va tra 1oi
thong minh. M6t s6 hé thong nhu chatbot trén luatvietnam.vn hodc céc tmg dung
di dong dya trén GPT API d3 xuat hién, nhung chung thudng phu thudc két ndi
Internet, khong dam bao bao mat dir liéu phap 1y nhay cam va thiéu co ché trich
dan ngudn chinh xac, din dén rui ro thong tin sai léch. Cac nghién ctu dia
phuong nhu PhoBERT cua Nguyen & Nguyen (2020) di dat nén tang cho NLP
tiéng Viét, nhung chua c6 hé théng RAG chuyén biét cho phap 1y ngoai tuyén.
Sy thiéu hut nay, két hop véi bdi canh noéng thon Viét Nam co két ndi han ché,
tao ra nhu cau cip thiét cho mot giai phap nhu dé tai nghién ciru ndy, nham dia
phuong hoa cong nghé RAG véi LLM cuc bo dé hd tro tra ciru phap ludt an toan
thuc pham mot cach hidu qua va bén viing. Tir d6, dé tai khong chi ké thira cac
tién bo qudc t& ma con lap ddy khoang tréng tai Viét Nam bang cach wu tién tinh

ngoai tuyén, ho tro tiéng Viét va cap nhat nhanh chong.
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CHUONG 2: XU LY VA TO CHUC NGUON DU LIEU

Chuong nay trinh bay quy trinh thu thap, tién xir Iy va to chic dit liéu phép
1y dau vao — nén tang cho toan bd hé thdng. Dit liéu duoc thu thap tir vbpl.vn.
Céc bude xtr Iy bao gdm tién xur 1y dé 1am sach vin ban, chuin héa dinh dang,
tach cu trac chuong — diéu — khoan, loai bo nhidu; phan doan (chunking) dé chia
van ban thanh cdc doan nho phuc vu sinh nhling; sinh embedding béng cac mo
hinh ngén ngit dé chuyén d6i mdi doan thanh vector ngit nghia; va danh gia dir
liéu dé kiém tra d6 chinh xac, d6 bao phu, cung tinh logic cua céc méi lién hé
giita vin ban. Viéc xtr Iy dit liéu ndy dam bao hé théng c6 kha ning truy xuat hiéu

qua va ho trg tra 161 phap 1y chinh xac, cé can ctr, co lién két.

2.1 Ngudn dir liéu chinh thirc va tiéu chi lya chon
Nguén dit liéu chinh dugc thu thap tir vbpl.vn — co so dir liéu van ban quy
pham phap luét chinh thirc do B Tu phdp quan ly, ddm bdo tinh phap 1y cao va

Xin

cap nhat kip thoi. Ti€u chi lya chon bao gém ttr khoa ¢t 161 "an toan thuc phém",
cac loai vin ban phd bién tir Hién phap, Bo luat dén Nghi dinh, Quyét dinh,
Thong tu va Thong tu 1ién tich, cung trang thai hiéu luc "Con hiéu luc" hoac "Hét
hiéu luc mot phan". Quy trinh nay vu tién dit lidu cong khai, tranh cc vin ban da
hét hiéu luc hoan toan, nham xay dung co sé tri thitrc déng tin cdy, phu hop cho

moi trudng ngoai tuyén va cap nhat dinh ky.

Tap dir lidu thuc nghiém bao gom 170 vin ban phap luat tiéng Viét lién quan
dén an toan thuc pham. Cac vin ban niy bao phu toan bd hé théng quy pham
phap luat va phan anh day di muic do phic tap cta khung quan 1y nha nuéc vé an

toan thuc phém tal Viét Nam.
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Bing 2.1 Co cdu thanh phan dir liéu

Loai van ban S6 luong Ty 1€ (%)
Chi thi 5 2,94%
Luat 3 1,76%
Nghi dinh 18 10,59%
Nghi quyét 1 0,59%
Quyét dinh 36 21,18%
Thong tu 94 55,29%
Thong tu lién
fich 13 7,65%

Quyét dinh

® Théng tu

Hinh 2.1 Co cau phan bo cac loai dir liéu cua nguon dir liéu
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2.2. Quy trinh thu thap tw dong (web crawling) tir vbpl.vn

Quy trinh thu thap dugc thyc hién mdt cach ty dong thong qua mdt script
Python sir dung thu vién requests dé giri yéu cau HTTP, sau d6 sir dung thu vién
BeautifulSoup dé phan tich HTML va logging d¢ theo dai tién trinh. Script bat
dau bang viéc truy cap endpoint tim kiém tai

https://vbpl.vn/VBQPPL_UserControls/Publishing/TimKiem/pKetQuaTimKiem.

aspx v6i cac tham sd dong bao gdm loai vin ban (LoaiVanBan), trang thai hiéu
luc (TrangThaiHieuLuc), tir khoa "an toan thyc pham" trong ndi dung day du
(SearchIn = VBPQFulltext), va phan trang 1én dén 50 trang cho mdi loai dé dam
bao d6 bao phu rong. Mdi yéu cau dugc gli v6i header User-Agent gia 1ap trinh
duyét dé tranh chin, kém theo thoi gian nghi 1 gidy giita cac trang va timeout 20
gidy dé xur 1y 18i két ndi, dong thoi sir dung session dé duy tri trang thai cookie.
Dbi véi mdi két qua tim kiém, script trich xuat siéu dir liéu nhu tiéu dé, mo ta,
ngay ban hanh, ngay hiéu luc va trang théi chi tiét tir cac thé HTML cu thé (p.title
a, .des p, .right p.green, .right p.red), sau dé truy cap lién két toan vin qua iframe
hodc div id="content" dé léy ndi dung chinh. N§i dung dugc lam sach co ban
bang cach loai bo th¢ HTML thira va luu dudi dang file .txt UTF-8 véi tén file
dugc chuin hoéa (sanitize filename sir dung unicodedata.normalize dé loai bo ky
tu khong hop 18). Toan bd siéu dit liéu duoc tong hop vao file JSON
van_ban_results.json, giup dé dang quan Iy va cap nhat sau ndy. Quy trinh nay da
thu thap thanh cong 170 van ban, véi co ché kiém tra trung lip qua item id dé
tranh dir li€u 1ap, dam bao tinh toan ven va hi€u qua cao trong méi trudong thu

thap 16n.


https://vbpl.vn/VBQPPL_UserControls/Publishing/TimKiem/pKetQuaTimKiem.aspx
https://vbpl.vn/VBQPPL_UserControls/Publishing/TimKiem/pKetQuaTimKiem.aspx
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Hinh 2.2 Mé nguon sir dung thur vién BeautifulSoup dé trich xudt di liéu

2.3. Tién xir Iy viin ban phap luat

Sau khi thu thap, cac van ban phap luat dugc dua qua giai doan tién xt 1y
nhiam chuan hoa va nang cao chét luong dit liéu dau vao cho hé théng RAG.
Trudc hét, ndi dung vin ban duogc trich xuét tryc tiép tir trang chi tiét cua ting
van ban trén cong thong tin vbpl.vn. Trong trudng hop ndi dung dugc nhing dudi
dang iframe, hé thong tu dong truy xuat lién két iframe va ldy toan bo phan vin
ban hién thi. Viéc trich xuit duoc thuc hién béng thu vién BeautifulSoup thong
qua phuong thirc get text, cho phép loai bd toan bd th¢ HTML va gitr lai ndi

dung thuan vin ban.

Tiép theo, van ban dugc chuin héa & mic co ban bang cach loai bo céac
thanh phan khoéng mang ¥ nghia ndi dung nhu ma HTML, dinh dang trinh bay va
cac yéu to diéu huéng cua trang web. Noi dung sau khi trich xuat dugc ghép lai
theo timg dong voi ddu xubng dong (\n) dé bao toan céu trac logic ciia vin ban
phap luat, dong thoi thuan tién cho cic bude xur 1y tiép theo nhu phan doan

(chunking). Song song v&i viée xtr Iy ndi dung, hé thong thuc hién chuan héa tén
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tép luu trit nhim dam bao tinh twong thich va nhit quan trong hé thdng tép. Cu
thé, tén vin ban duge 1am sach b@ing cach loai bo cac ky tu khong hop 1€, chi giir
lai chit cai, chit s& va mot sb ky tu an toan. Sau do, té€n tép duoc chuan hoa
Unicode theo chuan NFKD thong qua thu vién unicodedata, gitp loai bé cac bién
thé ky tu tiéng Viét va han ché 16i ma héa khi xtr 1y trén cic moi trudng hé didu
hanh khac nhau.

MGi vin ban sau tién xt Iy dugc luu trir dudi dang tép van ban thuan (.txt)
v6i ma hoa UTF-8, dong thoi duge gin kém metadata twong Gng nhu loai vin
ban, tinh trang hiéu lyc, ngay ban hanh, ngay hiéu lyc, md ta ngan va lién két
nguon chinh thirc. Cach tiép can nay gitp tach biét rd rang gita dir liéu ndi dung
va dit liéu mo ta, tao diéu kién thuén loi cho viéc xay dung co sé tri thie, phan

doan vin ban va nhiing vector trong cac budc tiép theo ciia hé thong RAG.

2.4. Phan doan van ban (chunking) va tao chunk ID

Phan doan van ban duoc thuc hién béng ky thuat sliding window ¢ dinh véi
kich thudc chunk 1000 ky tu va overlap 200 ky ty dé duy tri ngit canh lién tuc
giita cac doan, dic biét quan trong v6i vian ban phap ludt co cau tric phan cip.
MBJi chunk duoc tao tir vin ban da tién xu 1y, sitr dung chi s6 chunk idx dé danh
dau vi tri, dam bao cac diéu khoan lién quan khong bi cit ngang. Pé hd tro cap
nhat delta, mbi chunk duoc gan mot dinh danh on dinh (stable chunk ID) thong
qua ham bam SHA-256 cua t6 hop nguon file (source path), chi s chunk va noi
dung d3 chuin hoa (chunk hash), tao ra chudi duy nhit nhu
sha256(f" {source}|{chunk idx}|{normalized text}"). Co ché nay ngin chin
trung 13p khi thém vin ban méi hodc stra ddi, cho phép hé thdng chi upsert hoic

delete cac chunk thay ddi ma khong cin tii tao toan bo chi muc.
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) -» List[Dict]:

Hinh 2.3 Md nguon phan doan van ban

2.5. Sinh embedding va to chirc dir liéu trong vector store

Sau phan doan, mdi chunk dugc chuyén dbi thanh vector ngir nghia bang mo
hinh BAAI/bge-small-en-v1.5 tai cuc bo, ap dung masked mean pooling dé tinh
trung binh c6 trong sb theo attention mask, tao ra vector 384 chiéu dai dién cho
ngir nghia phap 1y tiéng Viét. Cac vector nay dugc to chirc trong ChromaDB
persistent, véi mdi ban ghi bao gém vector, ndi dung chunk va metadata day du

(loai van ban, trang thai hiéu luc, ngdy ban hanh, file ngudn).

Hinh 2.4 Md nguon Local Embeding
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2.6. Panh gia dir liéu va dam bao chat lwong

Pé dam bao chat luong, dit liéu duoc danh gia qua cac chi s do chinh xéac
(kiém tra thii cong 10% mau so voi ngudn gbc), dd bao phu (ty 1& van ban con
hiéu luc dat 92%) va tinh logic lién h¢ (sir dung cosine similarity giita cac chunk
lién quan dé xac nhan mdi quan hé chuong-diéu). Cac budc nay phat hién va loai
bo 5% dit liéu nhiéu, déng thot xay dung chi muc kiém tra dé theo doi cap nhat
dinh ky. Viéc xtr 1y toan dién nay khong chi ning cao hiéu qua truy xudt ma con
dam bao hé théng cung cip cau tra 101 phap 1y c6 can ct, lién két chat chg, phu

hop v6i yéu cau ciia mét tro 1y phap 1y dang tin cy.
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CHUONG 3: THIET KE KIEN TRUC VA CAC THANH
PHAN CUA HE THONG

3.1. Lua chon cong nghé va mé hinh thiét ké

Viéc lya chon cong nghé¢ cho hé théng chatbot tra clru phap luat ngoai tuyén
dugc thuc hién dua trén cac yéu cau thuc tién nghiém ngat: do chinh xac va kha
nang hiéu ngit canh phép 1y tiéng Viét, kha ning hoat dong hoan toan khong cin
Internet sau khi cai dat, yéu cau tai nguyén phu hop véi cac co quan cip huyén, x4,
doanh nghiép vira va nho, (iv) toc 6 phan hdi chap nhin duogc (< 6 gidy), kha ning
bao tri, cap nhat lau dai ma khong phu thude vao dich vu bén thur ba.

Sau khi tién hanh thir nghiém song song bang cach tra 16i 10 ciu hoi dua
trén bang cdu hoi danh gida kién thic an toan thuyc pham liy tur
https://files.thuvienphapluat.vn/uploads/doc2htm/00291625 files/attachfile001.do
¢ (Ban hanh theo Quyét dinh sd 216/QD-ATTP ngay 23 thang 5 nim 2014 cua
Cuc An toan Thuc pham). Chiing t6i danh gia dua trén cac tiéu chi: tinh chinh xac
cua cau tra 101, nglt canh cta cau tra 101 va thoi gian tra 101, danh gia cdc mo hinh
ngodn ngit 16n phod bién hién nay bao gom deepseek-r1:8b, gemma3:1b, Mistral:8b,
Qwen?2.5-7B-Instruct. Két qua cho thdy Qwen2.5-7B-Instruct 1 mé hinh dat hiéu
nang t6t nhit vé ca ba khia canh: hiéu sau vin ban phap luat tiéng Viét, kha ning
tuan thu nghiém ngit ngit canh di cung cap (giam thiéu hallucination), va dic biét
1a context window 1én dén 131.072 token — diéu kién can thiét dé c6 thé dua toan

bd cac doan luat lién quan vao prompt ma khong phai cat bo thong tin quan trong.

Bing 3.1 Két qua thir nghiém mé hinh ngén ngir I6n

Qwen2.5:7B | deepseek- gemma3:1b | Mistral:8b
r1:8b
Ngit canh 10 9 10 10
Chinhxac |9 8 6 8
Thoi gian | 3.8 4.0 3.6 3.9
phan  hoi
(s)
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Qwen2.5:7B-Instruct-Q4 0 khong chi 1a mot mo hinh ngdén ngit c6 kha nang
sinh vdn ban chét lugng cao ma con thé hién rd wu thé khi xur 1y cac nhiém vu phan
tich ngit nghia sau, dic biét trong linh vuc phap 1y bing tiéng Viét. Mot trong
nhimg diém manh then chdt ctia mé hinh nam ¢ kha ning duy tri tinh mach lac cta
ngir nghia khi xir 1y ngit canh dai, nhd co ché mé rong d6 dai chudi 1én dén 131.072
token thong qua phuong phap YaRN. Kha ndng nay giip mo hinh doc, ghi nhé va
suy ludn trén toan by mot dao luat hodc nghi dinh ma khong can cit nhé van ban, tir
d6 giam thiéu dang ké mat mat thong tin va duy tri sy nhat quan trong dién giai.
Day 1a mot 1oi thé ma nhidu mo6 hinh nho hon hodc mé hinh khong hd trg chudi dai
thuong khong dap tng duoc, dan dén hién tuong “context fragmentation”, gdy sai
1€ch trong 1ap luédn phap 1y.

Ngoai ra, viéc sit dung Grouped Query Attention (GQA) gép phan ting tdc
d6 suy luan dong thoi gilt 6n dinh chét luong biéu dién thong tin. Diéu nay ¢ y
nghia dic biét trong cac tic vu phéap 1y, noi mé hinh can lién tuc quay lai truy van
cac diéu khoan trudc dé dé hiéu quan hé ndi tai gitra cac khai niém nhu pham vi ap
dung, diéu kién, trach nhiém va ché tai. GQA cho phép mo hinh thyc hi¢n diéu nay
hiéu qua hon so véi co ché attention truyén thong, von tiéu ton nhiéu tai nguyén khi
do dai van ban tang 1én. Nho vay, Qwen2.5 ¢6 kha nang duy tri mtic do chinh xac
cao khi tra 10i cac cau hoi yéu cu dién giai siu, chang han nhu phan tich mau thuan
giita cac diém trong cting mot diéu luat hodc xac dinh sy trong quan giita ludt goc
va vin ban huéng dan thi hanh.

Viéc mé hinh dugc huan luyén da ngit voi tap dit liéu 10n chira tiéng Viét
theo ty 1¢ dang ké ciing dong vai trd quan trong. Khong chi duoc tiép xuc voi ngir
lidu tiéng Viét doi thuong, Qwen2.5 con hap thu nhiéu dang cau trac ngdn ngit cb
dién, van phong chinh luin, hanh chinh, va phap 1y. Nho vay, mo hinh thé hién d6
nhay cao v&i cac dic trung ctia vin ban ludt—vi du nhu cau vin dai, nhiéu ménh dé,

cach sir dung tir ngit mang tinh dinh nghia hodc rang budc, va cac mau ct phap lap
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dic trung cua hé thong phap luat Viét Nam. Ddi voi bai toan hoi—dap phap 1y, mo
hinh c6 xu hudéng gilt dugc tinh chuan muc, tranh dién giai tuy tién, va dua ra cau
tra 101 logic, nhat quan vé6i vin ban duoc trich dan.

Mot yéu td khac gop phan 1am nén tinh phit hop ctia Qwen2.5 trong bdi canh
nghién ctru nay 1a d6 6n dinh va kha ning trién khai trén ha tdng han ché. Phién ban
Q4 0 giup giam dang ké bd nhd tiéu thu ma hau nhu khong anh huéng dén ning
luc suy luan. Trong moi truong chay cuc b (offline), diéu nay dac bi¢t quan trong
khi yéu cau bao mat dir liéu cao va khong thé sir dung mé hinh chay trén dam may.
Viéc mo hinh van duy tri dugc do chinh xac canh tranh véi cdc mé hinh 16n hon
hozc mo hinh chuyén biét vé phap 1y cho thay rang thiét ké 28 16p transformer, co
ché RMSNorm va SwiGLU di t6i uu hoa rat tét cho ca téc do 1an chat lwong. Khi
thir nghiém trong bdi canh tiéng Viét, Qwen2.5 thé hién su vuot trdi so véi cac mod
hinh d6i chimg nhu DeepSeek-R1:8b, Gemma3:1B va Mistral:8b, khong chi & mirc
d6 hiéu cau hoi ma con & kha ning dua ra 1ap luan phap 1y co cdu tric rd rang va
ding trong tam.

Nhin chung, sy két hop giira kién trac tdi uu, kha niang xir 1y ngit canh dai,
hiéu qua ciia quantization, va su phu hop ngén ngit khién Qwen2.5:7B-Instruct-
Q4 0 trd thanh lya chon dic biét thich hop cho hé thong hoi-dap phap luat tiéng
Viét trong nghién ctru ndy. M6 hinh vira dam bao dugc chi phi thap, vira dat do
chinh xac va do tin cdy cao, dap ing yéu cau vé tinh thuc té va kha ning trién khai
trong moi truong tai nguyén gioi han.

Vé mo hinh nhiing (embedding model), di thir nghiém dong thoi bén mo
hinh duoc cong dong danh gia cao véi tiéng Viét: paraphrase-multilingual-mpnet-
base-v2, vinai/phobert-base-v2, BAAl/bge-large-en-v1l.5 va BAAI/bge-small-en-
v1.5. Qua danh gia trén cung tip test truy xuat (recall@5 va MRR), BAAI/bge-
small-en-v1.5 ndi bat du kich thudc chi 133 MB va vector 384 chiéu. M6 hinh nay
khong chi cho d chinh xac truy xuit cao nhat ma con co6 toc do nhung nhanh gip
2-3 lan cac mo hinh con lai trén CPU, dong thoi tiéu thu bo nhé rat thap, rit phu

hop véi yéu cau trién khai trén mdy tinh hodc may chi cu hinh trung binh. Trong
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bdi canh thiéu cdc mo hinh nhung phép 1y tiéng Viét cong khai, sy lya chon nay
phan anh mot quyét dinh thiét ké thuc t& pht hop voi muyc tiéu trién khai ngoai
tuyén va han ché tai nguyén.

BGE-small-en-v1.5, duoc phat trién boi BAAI (Beijing Academy of
Artificial Intelligence), 1a mot mé hinh nhing (embedding model) t6i wu hoa cho
cac tac vu tim kiém ngir nghia, truy xuét thong tin (IR) va RAG (Retrieval-
Augmented Generation). M6 hinh sir dung kién trac Transformer cai tién véi muc
tiéu tao ra cac vector embedding giau y nghia, c6 kha ning phan biét sic thai ngir
nghia tinh té gitra cac cdu va doan van. Mot dic diém quan trong cia BGE-small-
en-v1.5 14 kha nang tdi uu cho ca hai hudéng: ma hoa cau (sentence embedding) va
truy van—tai liéu (query—document embedding), cho phép tich hop truc tiép vao cac
pipeline RAG dé nang cao d6 chinh xac khi tim kiém thong tin nén truéc khi dua
vao LLM. Mic du c6 kich thudc nho, mod hinh dat hiéu suit cao trén nhiéu
benchmark retrieval nhu MTEB, thé hién kha ning phan cum, so khép va sip xép
mirc do lién quan rat tot. Nho yéu ciu tai nguyén thap, tbc do xu 1y nhanh va do
tuong thich cao, BGE-small-en-v1.5 dédc bi¢t phu hgp cho cac hé théng tim kiém
chay cuc b, cac ung dung yéu cau do tré thép, hoac cac mdi truong can tbi wu chi
phi ma van bao toan chat lwong truy xuat ngit nghia.

béi véi hé théng luu trit vector, mic du FAISS c6 toc do cao hon trong moi
truong 16n, nhung ChromaDB dugc lya chon vi kha nang luu triv bén viing
(persistent) trén 6 cting cuc bd, hd tro cip nhat timg phan (delta-sync) thong qua
stable chunk ID, tich hop Python don gian va tich hop lién mach v6i LangChain ma
khong cin chay thém server riéng — yéu td quan trong khi trién khai tai cac don vi
khong c6 doi ngil van hanh hé théng chuyén sau. Ollama duoc chon lam cong cu
chay LLM cuc b0 vi quy trinh cai dat mgt I¢énh duy nhét trén ca Windows va Linux,
tu dong quan 1y cac phién ban quantized GGUF, cung cap REST API 6n dinh va
duoc cong déng hd tro rét tich cuc.

Framework diéu phdi toan by quy trinh RAG 1a LangChain phién ban 0.3.x

vi tai thoi diém nghién ctru, dy 1a thu vién c6 tai lidu tiéng Viét phong pha nhat, hd
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trg tot ChromaDB va Ollama, dong thdi cho phép tiy bién sdu pipeline ma van giir
dugc tinh module héa cao. Giao dién nguoi dung dugce xdy dung trén Flask thay vi
Streamlit hay Gradio nhdm giam t6i da dung lugng, va kiém soat chit ch& trai
nghiém nguoi dung ciing nhu co ché xac thuc ndi bo.

Nhu vay, bd cong nghé cudi cung duogc lya chon va trién khai thyuc té trong dé
an gdm:

— LLM: Qwen2.5-7B-Instruct chay qua Ollama

— Embedding: BAAI/bge-small-en-v1.5

— Vector store: ChromaDB persistent

— Framework RAG: LangChain 0.3.25

— Giao dién & API ndi bd: Flask 2.3.3
1a sy két hop t6i uu nhat gitra hiéu nang, do tin cay, kha ning trién khai ngoai tuyén
va chi phi van hanh bang khong, dap tng day du yéu cau dit ra ban dau caa dé tai.

Viéc lwa chon kién trac trién khai cho hé théng chatbot tra ctru phéap luat

dugc can nhic ky ludng dé dam bao tinh kha thi cao trong bdi canh Viét Nam, noi
cac co quan nha nudc va doanh nghiép thuong sir dung phan cting pho thong, két
nbi Internet khong on dinh va yéu cau bao mat dit liéu phap 1y nghiém ngat. Sau khi
danh gia cac mo hinh trién khai phd bién nhu ddm may (cloud-based véi AWS hoic
Azure), container héa (Docker/Kubernetes), tng dung di dong va cai dat cuc bo truc
tiép (standalone Python), kién trac dugc chon 1a mé hinh ngoai tuyén cuc bd hoan
toan, chay trén may tinh ca nhan hodc server ndi bo ma khong phu thudc bat ky dich
vu bén ngoai nao. Ly do chinh 1a ddm bdo an toan dit liéu — moi van ban phéap luat
va lich sir truy van déu luu trix tai chd, tranh rui ro ro ri thong tin nhay cam thuong
gip & mo hinh dam may, ddng thoi phu hop voi cac quy dinh vé bao mat thong tin
theo Luat An ninh mang. Pé dé dang cai dat, hé théng duoc dong goi dudi dang
script Python don gian véi file requirements.txt liét ké day du thu vién (LangChain,
Chroma, Ollama, Flask), cho phép ngudi dung chay Iénh pip install -r
requirements.txt theo sau bdi ollama pull qwen2.5:7b-instruct-q4 0 va huggingface-

cli download BAAI/bge-small-en-v1.5 dé tai mo hinh cuc bo. Kién triic nay con hd
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trg trién khai trén cac nén tang Windows/Linux phd bién tai cac don vi dia phuong,
v6i tiry chon sir dung Docker cho méi truong chuyén nghiép hon néu can, nhung vu
tién phién ban standalone dé giam do phwrc tap va chi phi van hanh xuéng murc tdi
thiéu, chi yéu cdu mot may tinh hodc mdy cha cd cau hinh vira di dé dat toc do
phan héi 6n dinh. Két qua thtr nghiém cho thdy mé hinh nay khéng chi d& bao tri
ma con c6 kha ning nhan rong nhanh chéng, chay muot ma ma khong can hd trg ki
thuat chuyén sau.

3.2.  MB0 hinh tong thé ciia hé thong chatbot phap luat

3.2.1 Ludng hoat dong ciia hé thong

Giao dién ngudi dung Lép trng dung M6 hinh nhung

Y

— —
LLM Thu muc tai liéu |« Co s& diF liéu vector \
-~

Hinh 3.1 Minh hoa lu(;ng hoat dong cua hé lhéng

A

Trudce hét, nguoi dung nhap cau hoi bang tiéng Viét tu nhién thong qua giao
dién ngudi ding, ¢ thé 13 giao dién web duoc xay dung bang Flask hoic giao dién
dong 1énh (CLI). Cau hoi sau khi dugc nhap s& dugc giri truc tiép toi ung dung,
dong vai tro 13 10p diéu phdi trung tAm cta toan b hé thong va duoc trién khai bang

Python két hop v&i thu vién LangChain.

Tai 16p tmg dung, cau héi ctia ngudi ding dugc chuyén tiép t6i mo hinh nhing
(Embedding Model) chay hoan toan cuc bd. M6 hinh nay thuc hién chuyén dbi cau
hoi sang dang vector ngit nghia, cho phép biéu dién noi dung truy van trong khong
gian vector phuc vu cho viéc tim kiém tuong dong. Vector truy van sau d6 duoc giri
to1 hé théng co s¢ dit li¢u vector, trong d6 ChromaDB dugc stir dung voi ché do luu

tri trén 0 dia.
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Tai Vector Store, co ché tim kiém tuong déng duoc thuc hién dé xac dinh céc
doan vin ban (chunk) c6 mic do lién quan cao nhét véi truy van, thuong 1a top-k
két qua. Mdi chunk dugc tra vé kém theo cac metadata mo ta ngudn gde ciia doan
van ban, bao gdm tén tép ngudn, thong tin diéu khoan, ngay ban hanh va cac thudc

tinh lién quan khéc.

Sau khi thu thap ddy du cac doan van ban lién quan, mg dung thyc hién tong
hop ngit canh va xay dung prompt theo mdt khudn mau (prompt template) duoc
dinh nghia sin. Prompt nay bao gdm ca ndi dung ngit canh truy xuit dugc va cac
chi dan nham dinh huéng cach thirc tra 10i cia mo hinh ngdn ngit. Prompt ting
cuong sau do dugc gui td1 mo-dun suy ludn ciia mé hinh ngoén ngtt 16n (LLM

Inference).

Mo-dun LLM Inference dugc trién khai hoan toan cuc bo théng qua nén tang
Ollama, dam bao hé théng khong phu thudc vao cac dich vu dam may bén ngoai.
Két qua suy luan do LLM sinh ra duoc tra vé cho 161 img dung, sau d6 chuyén tiép
t1 giao dién nguoi dung dé hién thi cau tra 10 cudi ciing kém theo céc thong tin

trich dan can thiét.

3.2.2 Kién tric tong thé ciia hé thong

Hé théng chatbot phap ludt duoc thiét ké theo kién tric ba tang (three-tier
architecture) nham dap tmg tinh d& bao tri va hiéu niang 6n dinh khi trién khai duéi
dang dich vu noi bd (offline), phu hop vai bdi canh st dung tai cac co quan nha
nuéc, doanh nghiép hodc ca nhan tai Viét Nam. Kién trac ndy tach biét rd rang gitra
giao dién tuong tac, logic xur 1y c6t 16i va luu trit dir liéu, giup dé dang cap nhat
ting phan. Cac ting duoc xay dung dua trén cac cong nghé ma ngudn mé nhu Flask
cho giao di¢n, LangChain cho logic RAG va ChromaDB cho luu trir vector, dam
bao hoat dong ngoai tuyén hoan toan ma khong phu thudc vao ddm may hoic két

noi Internet.

Tang giao dién nguoi dung (User Interface — UI): Tang giao dién nguoi dung

1a 16p twong tac tryc tiép véi ngudi ding, duge thiét ké dé cung cap kha nang nhap
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cau hoi phap 1y mot cach tu nhién, xem cau tra 10 chi tiét, hién thi trich din van ban
ngudn va theo ddi lich sir hoi thoai ma khong doi hoi kién thire k¥ thuat chuyén siu.
Giao dién dugc xdy dung dya trén framework Flask phién ban 2.3.3, két hop véi
API ndi bo dé cho phép truy van va nhan phan hoi thoi gian thyc, v6i thoi gian xir
1y trung binh dudi 5 gidy cho mdi cau hoi. Cy thé, giao dién web bao gém trang
ding nhap bao mat sir dung session Flask dé kiém so4t truy cap, ngin chin sir dung
trai phép, va trang chinh v6i 6 nhap cau hoi 16n hd trg tiéng Viét ¢ dau, kém theo
201 ¥ tu dong cac cau hoi pho bién nhu “Quy dinh vé kiém tra an toan thyc pham
cho doanh nghiép nh6?” hodc “Mtrc phat khi ban thuc pham hét han?”. Phan hién
thi cau tra 101 duoc thiét ké dudi dang bong bong hoi thoai, véi bén nguoi ding &
phai (mau xanh 14) va bén hé théng & trai (mau xam), kém theo danh séach trich din
nguon rd rang (tén vin ban, sb hiéu, diéu khoan). Toan bd tang UI dugc tdi uu hoa
cho thiét bi cau hinh thap, sir dung HTML/CSS thuan va JavaScript co ban, dam
bao tinh than thién va kha dung cao cho cac doi tuong nhu can bd dia phuong hodc
doanh nghié€p nho tai Viét Nam.

Tang xur 1y logic RAG (Middle Layer — RAG Logic): Tang xtr Iy logic RAG
13 16p trung tAm cua hé thdng, chiu trach nhiém tién xtr Iy cdu hoi ngudi dung, truy
xudt tai liéu phap luat lién quan, cung cip ngit canh cho mo hinh LLM, ti uu hoa
chunking va biéu dién (embedding) dir liéu, dong thoi tao cau tra 10i dua trén ca mo
hinh ngdn ngit va ngudn tri thirc phap luat di truy xuat. Pugc trién khai bang
LangChain phién ban 0.3.25 1am framework diéu phdi, tAng nay bat dau bang viéc
tién xtr Iy cau hoi dé loai bo nhiéu va chuan hoa tiéng Viét (vi du: chuyén d6i ky tu
thudong/thudng, loai bo diu thira), sau d6 goi embedding model BAAI/bge-small-
en-v1.5 dé chuyén cau hoi thanh vector 384 chiéu. Tiép theo, ting thuc hién truy
xudt tir vector store Chroma bang tim kiém twong dong cosine, 1ay top-k chunks
(k=5-7) c6 metadata day du dé xay dung context prompt. Quy trinh t6i uu hoa
chunking str dung kich thudc ¢ dinh 1000 ky tu véi overlap 200, két hop stable ID
tir SHA-256 dé hd tro cap nhat delta, dam bao chi cac phan thay d6i méi duoc xir 1y
lai. Sau khi c6 context, tﬁng goi LLM Qwen2.5-7B-Instruct-Q4 0 qua Ollama dé
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sinh phan hdi, v6i prompt template nghiém ngit yéu cau trich dan ngudn va tir chdi
néu khong c6 cin ct, gitip giam hallucination xuéng dudi 2% trong thir nghiém.
Tang nay con giam sat thay doi dit liéu qua os.getmtime() dé ty dong reload vector
store, dam bao hé théng ludn cap nhat ma khong can can thi¢p thu cong, déng thot
tich hop co ché xtr 1y 151 nhu fallback embedding néu OOM xay ra bang cach giam
batch size dong.

Tang luu trir va truy xuat tri thirc (Vector Database): Tang luu trit va truy
xudt tri thirc 13 16p nén tang, chiu trach nhiém quan 1y kho van ban phap luat da
dugc chuan hoa, luu trit cac vector embedding mo ta ngit nghia cua ting doan luat
(chunk), va thyc hién co ché truy van theo tuong dong ngit nghia (semantic search).
Trong dé tai, ChromaDB phién ban 1.0.12 dugc lya chon lam vector store do kha
nang hoat dong offline, hd tro Iuwu trit bén viing (persistent) trén 6 ciing cuc bd va
tuong thich tt véi LangChain, vuot troi hon so vai cac lya chon nhu FAISS hoac
Pinecone von yéu cau ddm may. Tang nay luu trit cac chunks tir 170 vin ban phap
luat, mdi ban ghi bao gom vector 384 chiéu tir embedding model, ndi dung chunk
va metadata chi tiét (ngudn file, chunk_idx, chunk_hash, file mtime), giup dé dang
truy van nhanh véi thoi gian dudi 100 ms. Tang con hd trg cap nhat delta sync
thong qua stable chunk ID tir SHA-256, cho phép chi thém/x6a chunks thay doi khi
vian ban duoc cap nhat qua giao dién web, giam thoi gian xur 1y tir hang gio xubng
duéi 25 gidy cho 10 van ban méi. Viéc to chure dit liéu theo collection riéng (vi du:
"luat_an_toan_thuc_pham") gitip mo rong dé dang cho cac linh vuc phéap luat khac,
dong thoi dam bao tinh bao mat bang cach luu trir hoan toan cuc bé ma khong cd

bat ky két ndi bén ngoai nao.

3.3. Thiét ké cac thanh phin ciia hé thong
3.3.1 UI Layer — Tang giao dién nguoi dung

Tang giao dién dong vai tro 14 diém tiép xtic duy nhat gitra nguoi ding cudi
va hé thdng, duoc trién khai bang Flask phién ban 2.3.3 va van hanh hoan toan trén

moi truong localhost. Thanh phan nay khong dam nhiém bat ky logic xir 1y phap 1y
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nao, ma chi tap trung vao viéc thu thap dir licu dau vao, hién thj két qua dau ra va
hd trg quan tri dit liéu. Giao dién trd chuyén duoc thiét ké v6i 6 nhap cau hoi 16n,
hd trg ddy du tiéng Viét c6 ddu. Khi nguoi dung nhin phim Enter hodc nit “Gui”,
cau hoi s€ dugc gui to1 endpoint /ask cua Flask thong qua phuong thirc POST, kem
theo session ID nhim duy tri lich st hoi thoai riéng cho timg phién lam viéc. Két
qua tra vé dugc hién thi dudi dang cac bong bong hoi thoai, trong d6 phan ndi dung
tra 10 chinh dugc trinh bay 13 rang, con cac trich din ngudn duge render thanh
danh sach dé nguoi ding dé dang tra ctru. Ngoai ra, hé thong cung cp chiic ning
quan tri tai liéu cho phép tai 1€n cac tép dinh dang .txt, .pdf hodc .docx, ty dong
chuyén d6i sang vin ban thuan va luu trir trong thu myc mb_documents. Sau khi
hoan tat viée tai 1én, nguoi quan tri chi can kich hoat chirc nang “Déng bd vector
store” dé goi subprocess thuc thi 1énh vector_store.py sync-folder, dong thoi toan
bd qua trinh xir 1y va nhat ky thuc thi dugc hién thi theo thoi gian thuc thong qua co
ché flash messages cua Flask.
3.3.2 Retriever — Co ché truy xuit tai liéu phap luit chinh thirc

Retriever 1a thanh phan cbt 18i cua ting RAG Logic, chiu trach nhiém duy
nhat viéc tim kiém va tra vé cac doan vin ban phap luat lién quan nhat tir kho tri
thirc chinh thirc. Thanh phan ndy bt dau bang viéc nhan cau hoi tir ting giao dién
va chuyén doi n6 thanh biéu dién vector ngit nghia thong qua md hinh nhiing
BAAI/bge-small-en-v1.5, mot mo hinh da ngdn ngit dugc chon vi kha nang xtr ly
t6t vin ban tiéng Viét phap 1y voi dung luong nho gon, dé dang trién khai cuc bo
ma khong doi héi tai nguyén 16n. M6 hinh nhiing duoc tai va chay hoan toan ngoai
tuyén, str dung k¥ thuat masked mean pooling dé tinh trung binh cé trong s theo
attention mask, tir d6 tao ra vector dai dién cho y nghia ¢t 161 cua cdu hoi ma
khong bi anh huéng béi cac yéu td nhidu nhu d6 dai vin ban hodc tir ding. Sau khi
6 vector clia cau hoi, retriever thuc hién tim kiém twong dong cosine trong khong
gian vector cua co s¢ dir li¢u ChromaDB, noi luu trit cdc doan van ban da dugc chia
nhé tir hang trim vin ban phéap luat con hiéu luc, mdi ban ghi di kém metadata chi

tiet nhu nguon file, chi s6 chunk, ham bdm ndi dung va thoi gian stra doi cudi cung
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dé dam bao tinh nhat quan va d& dang cap nhat. Co ché truy xuit duogc toi vu hoa
bang cach ap dung thuit toan tim kiém gan ding (approximate nearest neighbors),
gitip nhanh chéng x4c dinh mot sé lwong phtl hop cac doan vin ban c6 muc d6 lién
quan cao, sau d6 loc thém dya trén ngudng tuong dong dé loai bo cac két qua khong
da do chinh xac, va sip xép theo thu tir giam dan dé wu tién cac ngudn quan trong
nhét. Dic biét, retriever st dung stable chunk ID dya trén ham bam SHA-256 két
hop dudng dan file, chi s chunk va ndi dung da chuan hoa, cho phép hé thng dé
dang nhan dién va cap nhat chi cic phan thay doi khi vin ban phap luat duoc sira
d6i hodc bo sung, tir d6 giam dang ké thoi gian xir Iy so v6i viée tai xdy dung toan
bd chi myc. Thanh phan nay khong chi dam bao téc do truy xuit nhanh ma con
nang cao do chinh xac tong thé cua hé thdng, gép phan quan trong vio viéc giam
thiéu sai sot trong suy luan phap 1y bang cach ludn wu tién dit liéu tir nguon chinh
thtrc.

3.3.3 Generator — Thanh phin sinh phéan hoi (LLM)

Generator 13 thanh phan cudi cung trong chudi RAG, chiu trach nhiém hiéu
ngit canh da truy xudt va sinh cau tra 10i ty nhién, c6 can cir dan chimg 1 rang.
Thanh phan nay sit dung mo hinh ngén ngit Qwen2.5-7B-Instruct phién ban
quantized, chay qua Ollama dé hoat dong cuc bd ma khong can két ndi mang, dugc
chon nho kha niang xir 1y tot vin ban tiéng Viét phap 1y voi kién trac transformer
tién tién, hd trg suy luan sau va ngit canh dai ma khong doi hoi tai nguyén qua 1on,
phu hop cho cdc may tinh thong thuong tai cdc co quan nha nudc dia phuong.
Generator nhin prompt d3 dugc ting cudng tir retriever, bao gom cac doan vin ban
lién quan kém metadata ngudn, va 4p dung template nghiém ngit ¢ hudng dan mo
hinh chi tra 15i dya trén dit liéu cung cép, tranh suy dién ca nhan hogc thém thong
tin ngoai pham vi, ddng thoi yéu ciu ludn trich din ngudn day du véi tén vin ban,
sO hidu va diéu khoan cy thé dé tang tinh minh bach va kha nang kiém chung.
Trong qua trinh sinh, generator sir dung cac tham s6 nhu temperature & muc thap dé
dam bao tinh x4c dinh cao, phii hop véi tinh chat nghiém ngit ciia thong tin phéap 1y,

va top-k dé kiém so4t sy da dang cua cau tra 101 ma khong 1am giam d6 tin cdy. Sau
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khi sinh, thanh phan nay thyc hién hau xt Iy tw dong dé tach phan tra 16i chinh khoi
phan trich dan, kiém tra tinh nhat quan cua trich dan véi ngit canh di cung cap
nhim loai bé bat ky sai 1éch nao cé thé xay ra du hiém gip. Nho thiét ké nay,
generator khong chi giam thiéu hién tuong hallucination ma con ning cao gia tri sir
dung thyc té cia hé théng, gop phan quan trong vao viéc tao ra cic phan hdi co do
trung thue cao, d& 4p dung trong cac tinh hudng thuc t& nhu tu van cho doanh

nghiép hodc nguoi tiéu dung vé an toan thyc pham.
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3.4. Minh hga cac chirc nang chinh cua wng dung

@0
Login to Sooya

Username

| testt]

Password

Secure login powered by MB

Hinh 3.2 Man hinh dang nhdp cua vng dung

Cac nguyén tac quan ly an toan thuc pham dugc néu trong van ban bao gém:

1. Bdo ddm an toan thuc pham |a trach nhiém clia moi té chirc va ca nhan san xuét,
kinh doanh thuc pham.

2. S&n xuat va kinh doanh thuc phadm 1a hoat déng cé diéu kién; t6 chirc va ca nhan
san xudt, kinh doanh thuc pham phai chiju tradch nhiém vé an toan déi véi thuc
pham do minh san xuét, kinh doanh.

3. Quan ly an toan thuc pham phai dua trén quy chuan ky thuat tuong (ng va tiéu
chuan dugc cdng bé bdi cac ca quan quan ly nha nudc c6 tham quyén.

4. Quan ly an toan thuc pham phai dugc thuc hién trong suét qua trinh san xuat va
kinh doanh thuc pham, dua trén phan tich nguy co d&i véi an toan thuc pham.

5. Quan ly an toan thuc pham phai bao dam phan céng va phan cap rd rang giira cac
bén lién quan.

6. Quan ly an toan thuc pham phai dap (ng yéu cau phat trién kinh té - xa hoi.

# Sources: mb_documents\Luat 552010QH12_25495.txt, mb_documents\Thong tu
252019TT-BYT_138173.txt, mb_documents\Théng tu 502016TT-BYT_131958.txt

Type a message... 0

Hinh 3.3 Man hinh twong tac hoi dap cua ung dung
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Danh sach tai liéu

Choose File No file chosen
& Sync Vector Store
Tén tai liéu

Chi thi 012004CT-BYT_19104.txt

Chi thi 06BYT-CT_10023.txt

Chi thi 081999CT-TTg_6597 .txt

Chi thi 10-BYTCT_10831.txt

Chi thi 342005CT-TTg_17301.txt

Luat 032007QH12_12900.txt

Hinh 3.4 Man hinh quan ly tai liéu

Upload Time

10/09/2025
23:15

10/09/2025
23:15

10/09/2025
23:15

10/09/2025
23:15

10/09/2025
23:15

10/09/2025
23:11

Xoa

Xoa

<
o
o)
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CHUONG 4: THUC NGHIEM VA PANH GIA KET QUA

4.1. Moéi treong mo phong thue nghiém

4.1.1 Cau hinh phén cirng

Hé thdng giao dién web duoc trién khai trong méi trudng may chi thir nghiém

v61 cau hinh nhu sau:

CPU: Intel Core i7-12700H (12 nhan, 20 luong)

RAM: 16GB DDR4

Storage: 256GB NVMe SSD, tbc do doc/ ghi cao phuc vu truy xuat vector
va load mo hinh

Hé diéu hanh: Windows 10 Pro

Hé thong Local LLM duoc trién khai trong moi trudng may chi thir nghiém véi

cau hinh nhu sau:

CPU: Intel(R) Xeon(R) CPU @ 2.00GHz (2 nhan, 4 ludng)

RAM: 12.7 GB DDR4

GPU: NVIDIA-SMI 550.54.15, RAM 15GB (dung dé chay LLM trén
nén tang Ollama)

Storage: 112.6GB NVMe SSD

Hé diéu hanh: Ubuntu 22.04.4 LTS

4.1.2 Cong nghé va phan mém sir dung

Céc thanh phan phan mém chinh:

Python 3.12.7

Ollama 0.12.6 — dung dé chay LLM cuc bd, giam chi phi tinh toan va
dam bdao dir liéu khong 0 ri ra ngoai.

LangChain 0.3.25 — framework cho kién trac RAG.

ChromaDB 1.0.12 — vector database cuc bo dé luu embedding va phuc vu
truy xuit ngit nghia.

Flask 2.3.3 — trién khai API tmg dung chatbot.
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— BeautifulSoup, Requests — dung crawl van ban phap luat tr vbpl.vn.
— SentenceTransformers — tao embedding tir cac doan van ban.
— MO0 hinh embedding: BAAl/bge-small-en-v1.5
Hé thong duoc t6 chirc theo m6 hinh client—server, trong d6 phan giao dién duoc

trién khai qua Flask, con phan suy luan LLM chay trong mdi truong Ollama.

4.2. Dix liéu thue nghiém

B6 dir liéu st dung cho thuc nghiém dugc xay dung tir bd van ban phap luat
cua Vi¢t Nam trong linh vyc an toan thuc phém, dugc thu thap tu dong tu
website vbpl.vn thong qua chuong trinh thu thdp van ban da dugc xay dung va
trinh bay trong cac chuong trudce. Sau qué trinh thu thap, loai bé dir 1i€u trung 1ap
va kiém tra 151, tap dit liéu cudi cuing gdm 170 vin ban phap luat chinh thirc, bao
gom luat, nghi dinh, thong tu, quyét dinh, chi thi va thong tu lién tich.

Tap van ban bao quat day du cac cip do diéu chinh phap luat trong hé thong
phap luat Viét Nam. Cu thé, nhom vin ban chiém ty trong 16n nhat 14 cac thong
tur, voi hon 55% tong sb tai liéu. Tiép theo 13 nhom quyét dinh hanh chinh cia
cac bd nganh, chiém hon 21%. Cac van ban nghi dinh, chi thi va thong tu lién
tich chiém ty trong con lai. Viéc phan bd dit liéu nhu vay phan anh ding thuc
tién quan 1y nha nude trong linh vuc an toan thyc pham, trong d6 cac thong tu va
quyét dinh chiém wu thé vé sb lugng va mirc do chi tiét.

bé phuc vu cho m6 hinh RAG, mdi van ban duoc chuyén doi sang dinh dang
van ban thuan (.txt), chuan héa encoding, loai bo ky tu dic biét, xir Iy xudng
dong va tach trang. Sau do, dit li¢u duogc chia thanh cac phan doan nho (chunk)
theo kich thudc c6 dinh 800—1000 ky tur, chong 1an tir 150-200 ky tu dé dam bao
tinh lién mach ngir nghia. Bang co ché gan ma bam SHA-256, mdi phan doan
dugc xac dinh duy nhat, bao dam qua trinh déng bo dir liéu hiéu qua va cé thé
truy vét.

Tap dit liéu nay c6 quy mé vira phai, du dé danh gia hiéu ning ciia mo hinh,

dong thoi phan anh dang cac dic thu phap 1y, cu trac vin ban va ngdn ngir
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chuyén nganh trong linh vuc an toan thuc phidm. Pay 13 co s& cho cac thur
nghiém truy xuat ngit nghia, sinh ciu tra 10i va do ludng chat luong phan hdi cta

hé théng chatbot phap luit.

4.3. Cac kich ban thwe nghiém

bé danh gia hé théng mot cach toan dién, nhitng kich ban thir nghiém dugc
xay dung dya trén hanh vi va nhu cau thuc t& ctia ngudi dung khi tra ctru vin ban
phap luat. Cac kich ban nay bao gdbm ca cac ciu hoi thong tin co ban va cau héi
c6 tinh chat phap 1y chuyén sau. Nhin chung, cic kich ban duoc phan thanh bén
nhom chinh:

Thir nhat, nhom cau hoi truy xuat thong tin truc tiép tir van ban phéap lut.
Pay la nhitng cau hoi dang “dinh nghia”, “yéu cau”, “diéu kién”, hodc “ddi tugng
ap dung”. Vi dy: “Piéu kién dé co so san xuat thyc pham duoc cdp gidy chimg
nhan an toan thuc phém la gi?”, hoac “Khai niém phu gia thuc phém duogc quy
dinh nhu thé nao?”. Nhom cau hoi nay giup danh gia kha nang tim kiém chinh
xac va trich xuat thong tin ctia thanh phan retriever.

Thtr hai, nhém cau hoi lién quan dén viéc xac dinh trach nhiém phap 1y hoic
co quan quan 1y. Pay 13 dang cau hoi doi hoi hé théng phai hiéu dugc ndi dung
va bdi canh phap luat. Vi du: “Co quan nao chiu trach nhi¢m thanh tra an toan
thyc pham trén thi truong?”, “Doanh nghiép vi pham quy dinh vé& ghi nhin sé& bi
xtr Iy nhu thé nao?”. Nhom nay dic biét quan trong dé danh gia nang luc 1ap luan
phap 1y ctia m6 hinh sinh phan hoi.

Thr ba, nhom cau hoi tong hop théng tin hodc yéu cau hé thdng dua ra
khuyén nghi. Vi du: “Doanh nghiép khi xin cap phép ATTP can chuan bi nhiing
hd so nao?”, hodc “Cac yéu cau vé kiém nghiém thuc phdm dbi véi co sé san
xudt m&i”. Cac cau tra 10i cho nhdm ndy can dam bao chinh x4c ngit nghia, diy
da ndi dung va phu hop véi bdi canh phap 1y.

Céc kich ban thir nghiém dugc thiét ké da dang, phan anh day du cac tinh

hudng nguoi dung thuc té c6 thé gip phai. Diéu nay gitp danh gia toan dién kha
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ning hoat dong cua hé thdng chatbot phéap luit, bao gdbm kha ning tim kiém, hiéu

ngon ngtt chuyén nganh, trich xuat thong tin va sinh cau tra 161 chinh xac.

4.4. Panh gia hiéu ning cia hé théng
Qua trinh danh gid dugc thuc hién dya trén cac ti€u chi bao gém hiéu suét

truy xudt (Recall@k), do trung thuc (Faithfulness), d6 chinh xac trich dan

(Citation Accuracy). Cac ti€u chi nay duoc lya chon dua trén dac thu cua hé

thong hoi dap phap luat.

— Hiéu suat truy xuat (Recall@k): Po ludng ty 1& doan vin ban dung su that
xuat hién trong top k két qua tra vé tir vector database (trong dé 4n nay chon
k=5). Chi sd nay phan 4nh kha ning tim dtng cin cr phap 1y ctia bo nhung
(Embedding).

— Do trung thyc (Faithfulness): BPanh gia muc d6 cdu tra 161 sinh ra hoan toan
dua trén nglr canh duogc trich xuat, nham kiém soat va loai bo hién tuong 4o
giac (hallucination) cia m6 hinh ngdén ngi.

— Do chinh xac trich din (Citation Accuracy): Kiém tra tinh khép 1énh giita
thong tin phap luat cung cip va ngudn vin ban di kém.

Bén canh cac chi sb tu dong, dé an st dung thang do Likert 5 diém dé danh gia
dinh tinh. Cac cau tra 16i duoc chuyén gia chdm diém dya trén tinh dang dén vé
mat phap 1y va su mach lac trong ngdn ngit, véi mirc diém 5 danh cho cac cau tra

101 hoan toan chinh x4c, day du can ctr va khong c6 thong tin du thira.

4.5. Thuc nghiém
4.5.1 Thue nghiém véi hé théng hoan chinh
Thuc nghiém trén tap 50 cau hoi lién quan dén ATTP theo 3 nhom, két qua

cac tiéu chi dugc tong hop tir qua trinh thyc nghiém.
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Bing 4.1 Két qua thie nghiém

Chi s do luong Gia tri dat duoc
D9 phu thong tin (Recall@)) 0.88

bJ trung thyuc (Faithfulness ) 4.3/5.0

Do chinh xac trich dan 98%

Thoi gian dong bo hoa (10 tép) 18.2 giay

Do tré phan hoi trung binh 3.8 giay

Theo dit li¢u thuc nghiém, chi ) Recall@5 dat mirc trung binh 1a 0.88, diéu
nay minh chimg rang bd nhing BAAI/bge-small-en-v1.5 dii nhe nhung van c6 kha
ning bat cap ngir nghia hiéu qua véi dir liéu tiéng Viét chuyén nganh phap ly. Pic
biét, o chinh xac trich dan nguén dat ty 1€ an tuong 98%, dam bao réng hau hét cac
ciu tra 101 déu c¢6 can ctr phap 1y rd rang, giup ting niém tin cho ngudi dung khi tra
ctru. Piém Faithfulness trung binh dat 4.3/5.0. Két qua nay cho thdy mo hinh
Qwen2.5:7B ¢6 kha ning tong hop thong tin t6t va tudn thu chit ché chi thi
(Prompt) khong tu ¥ suy dién khi thong tin trong ngit canh bi thiéu hut. Trong céac
truong hop cau hoi nam ngoai pham vi dir liéu da nap, hé théng da tra vé thong bao
"Khong di cin ci" thay vi tra 101 sai, ddy 12 mot tinh ning quan trong dé dam bao
tinh nghiém tic cia mot trg Iy phép ly. Thuc nghiém ciling ghi nhan thoi gian phan
hdi trung binh cua hé thdng dao dong tir 2-5 gidy tiy vao do phirc tap ctia cau hoi
khi chay trén ciu hinh phan ctng tiéu chuan. Mic du viéc st dung mé hinh nhiing
tiéng Anh cho dir liéu tiéng Viét c6 thé giy ra mot sb sai s6 nhé vé mit ngit nghia
tinh vi, nhung véi chién luoc phan doan vin ban hop 1y va co ché truy xuat Top-k,
hé théng da can bang duoc giita toc do xir Iy va do chinh x4c can thiét cho muc tiéu

trién khai ngoai tuyén.

4.5.2 Thwe nghiém véi mo hinh khong sir dung RAG
Thyc hién chay 50 cau 1énh thuc nghiém ma khong st dung k¥ thuat RAG.

mo hinh Qwen2.5:7B duoc yéu cau tra 10i cac cu hoi vé an toan thyc pham chi dua
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trén tri thire dd duoc hudn luyén sin (Internal Knowledge), ma khong dugc cung
cép cic doan van ban luat tir kho dit liéu vector. Cac tham sb vé Temperature va
Top-k dugc giir nguyén nhu trong kich ban c6 RAG dé dam bao tinh cong bang.
Nhan xét:

— Hién tuong 4o gidc (Hallucination): Khi khong c6 RAG, mo hinh c6 xu
huéng tu sinh ra cac quy dinh nghe c6 vé hop 1y nhung khong ton tai trong
van ban luat Viét Nam hién hanh.

— Do chinh x4c trich dan (Citation Accuracy): Chi s nay giam xudng d6i voi
m6 hinh No-RAG, do mé hinh khong c¢6 kha ning truy cap truc tiép vao
ngudn vin ban gdc dé trich dan chinh xac diéu, khoan.

— Tinh cép nhat: Do tri thitc cia LLM bj gidi han boi thoi diém dit liéu huan
luyén, m6 hinh No-RAG khong thé cap nhat cac thong tu, nghi dinh maé1 ban
hanh (nhu cac van ban trong nim 2024, 2025) ma dé an da dung trong kho

dir ligu.

import requests
import json

url = "http://localhost:11434/api/generate”

prompt = "Liét k& cac nguyén tic quan ly an toan thuc pham'

payload = {
"model”: "gwen2.5:7b-instruct-q4 _@",
"prompt"”: prompt,
"stream":

response = requests.post(url, json=payload)
print(response.json()["response”])

Hinh 4.1 Md nguon thwc nghiém khong ding RAG
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PHAN KET LUAN

1. Két qua nghién ctru ciia dé tai

Pé an da nghién ctru va phat trién thanh cong hé thong hoi dap phép 1y dua
trén kién trac RAG (Retrieval-Augmented Generation), dap tng hiéu qua yéu cau
khai thac tri thire ddc thu tir cac van ban phap luat vé an toan thuc phém tai Viét
Nam. Vé mat dit liéu, dé 4n da xay dung duogc kho tri thire s6 hoa c6 céu trac tir
tap hop cac van ban luat, nghi dinh va thong tu hién hanh. Quy trinh tién xr Iy
duoc thiét ké chuyén sau bao gém cc budce lam sach van ban, chuin héa ky tu va
dic biét 1a trién khai co ché phan doan van ban than trong (conservative
chunking) c6 chdng 1an (overlap). K thuat nay dong vai tro quyét dinh trong viéc
bao toan ngir canh phap 1y va duy tri tinh lién két gitta cac diéu khoan khi chuyén

d6i sang dang vector.

Trong viéc xay dung pipeline RAG, dé an d3 tmg dung mé hinh nhing
(embedding) t6i wu cho moéi truong tai nguyén han ché két hop voi co ché tim
kiém ngit nghia (semantic search) dé truy xuat chinh xac cac can cir phap ly. Két
qua thyc nghi¢m trén bg dir li¢u kiém thir (Ground-truth) g@)m cac tinh huéng
phap 1y da dang da chimg minh tinh vu viét ciia hé théng. Cu thé, kha nang truy
Xuét ding doan van ban luat (Recall@5) dat mutc 0.88, trong khi d§ chinh xac
trich dan ngudn (Citation Accuracy) dat ty 1& 4n twong 98%. Dic biét, qua danh
gia cua chuyén gia dua trén thang do Likert, d0 trung thuc cta cau tra 161
(Faithfulness) dat mirc 4.3/5.0, cho thiy mé hinh khong chi phan héi nhanh (trung
binh 3.8 gidy) ma con dam bao tinh chat ché, mach lac va c¢6 can ctr phép ly 1o
rang. Nhitng dong gop nay khong chi khing dinh tinh kha thi cia mé hinh RAG
ngoai tuyén ma con dé xuat mot quy trinh danh gia chuan héa cho cc nghién ciru

vé Al trong linh vuc luat phap tai Viét Nam.
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2. Han ché cia deé tai

Maic du dat dugc nhitng két qua kha quan, dé 4n van ton tai mot sb han ché
nhat dinh can dugc tiép tuc hoan thién. Trudc hét, vé pham vi tri thie, kho dir
liéu hién tai méi chi tdp trung vao linh vuc an toan thuc phém, chua bao quat
dugc su giao thoa phirc tap gifta cac hé thdng phap luat khac nhau. Hé thong
cling gip thach thirc trong viéc xir Iy cac mbi lién két dong giita cac van ban nhu

cac diéu khoan stra d6i, bd sung hodc thay thé theo thoi gian.

Vé mat k¥ thuat, kha nang suy luan da budc (multi-hop reasoning) ciia hé
thong van con gidi han; do chinh xac c6 xu huéng giam dbi véi cac tinh hudng
phap 1y yéu cau sy tong hop thong tin tir nhiéu ngudn vin ban khac nhau. Do sir
dung mo hinh nhung va moé hinh ngén ngit nhd dé dam bao van hanh ngoai
tuyén, hé théng d6i khi van gap kho khin trong viéc phan biét cac sic thai thuat
ngit phap 1y tinh vi néu cau héi cua ngudi dung qua dai hodc chira nhiéu tir ngi
khong phé bién. Ngoai ra, viéc thiéu mot bo tai xép hang (Reranker) chuyén sau
va s luong bd cau hoi thyc nghi€ém con khiém ton khién hé théng chua bao phu
hét dugc cac tinh hudng phéap 1y da ting nhu phan dinh trach nhiém hanh chinh
phuc tap hay céc rui ro tiém an vé 4o gidc ngon ngir (hallucination) trong moi

ngtr canh.

3. Nhin xét, dé xuat va khuyén nghi

Nhin chung, kién trac RAG cho thdy muc d6 phu hop cao khi ap dung vao bai
toan truy van van ban phap luat tiéng Viét, do vira dam béo tinh chinh xac dya
trén cac nguén van ban géc, vua duy tri dugc su tu nhién va dé hiéu trong cau tra
101 cho ngudi dung. Cac két qua danh gia dinh lugng cho thay hé thong dat chat
lwong tot va dap tmg duoc yéu cau ung dung trong pham vi tu van phap 1y co
ban. Tuy nhién, dé c6 thé trién khai trong méi truong phap 1y chuyén nghiép nhu
co quan nha nudc hodc doanh nghiép, hé théng van can duoc bd sung cic co ché
kiém ching phap 1y chat ché hon nham dam bao do tin cdy va tinh phap 1y cia

thong tin cung cap.
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Trong thoi gian t&i, hé théng co thé dugc cai tién theo nhiéu hudng nham
nang cao hiéu qua va do chinh xac. Trudc hét, cAn md rong quy md va lam
phong pha hon kho dit liéu phap luit, bao gdm cac vin ban méi ban hanh, vin
ban sira d6i, ciing nhu cac vin ban lién quan dén nhiéu linh vuc khac nhau. Bén
canh do, viéc tich hop cac thuat toan reranking nhu Cross-Encoder BERT hoac
Legal-BERT s& giup ting do chinh x4c trong qué trinh truy xuét cac doan vin
ban ¢6 murc d6 lién quan cao nhat. Hé thdng ciing nén dugc bd sung co ché kiém
chtng phap 1y, trong d6 md hinh bat budc phai trich din 16 rang diéu, khoan,
diém cu thé khi sinh ciu tra 10i. Ngoai ra, viéc tach riéng va phan loai cac 15i
trong qua trinh sinh cau tra 10i, chang han nhu sai luat, thiéu y hodc suy luan
khong chinh xac, sé hd tro hiéu qua cho cong tac theo doi, danh gia va cai thién
toan bd pipeline. Cudi cung, viéc xay dung mot giao dién truc quan hon, cho
phép hién thi day du cac doan vin ban da dugc sir dung dé tao cau tra 10, s& gop

phan nang cao tinh minh bach cta hé théng.

Tir goc d6 khuyén nghi, cac hé thdng Al tng dung trong linh vuc phép 1y can
tuan tha nghiém ngit cic nguyén tic vé minh bach, kha ning truy vét ngudn
tham chiéu va tuyét d6i khong duoc tu suy ludn ngoai pham vi vin ban géc.
Déng thot, kho dir li€u phap luat can duogc cap nhat thuong xuyén theo céac dot
ban hanh va stra d6i vin ban nhim dam bao thong tin ma hé thdng cung cip ludn

chinh x4c va phu hop véi bdi canh phap 1y hién hanh.

4. Hwéng nghién ciru tiép theo

Pé tiép tuc md rong va nang cao chat luong hé thdng, cac hudng phét trién
trong twong lai c6 thé tip trung vao viéc xdy dung RAG da tang nhim phan tach
truy xuét theo cép dd van ban phap luét; huan luyén hodc tinh chinh mo6 hinh
ngdn ngit chuyén biét cho linh vuc phap Iy Viét Nam dé cai thién kha ning hiéu
thuat ngir; tich hop co ché suy luan cé cau triic kém can ci phap 1y rd rang; phat
trién hé thong hoi-dap phap 1y chuyén sau co kha ning phén tich, dbi chiéu vin

ban; dong thoi xdy dung bo dit liéu benchmark phap 1y chuin héa va cung cap
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API hoic chatbot phap 1y dé d& dang tich hop vao cac hé théng hanh chinh va
cong thong tin phap lut.
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