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Tom tit:

Cong viéc thwdong xuyén khi duyét trang web 13 tim kiém néi dung cac trang theo tir

khoéa, chang han tim cic trang trong may tim kiem cia Google. Viéc tim kiem van

ban la qua trinh tim nhirng tw li€u lién quan nhat t¢i cau héi cia nguwoi dung. Bai bao

deé cap quy trinh xir ly van ban tiéng Viét tir trang web. Cac van ban dwgc xir ly theo

ngon ngir hoc, chuan bi cho viéc tim kiém theo tir khéa va ngir nghia. CaAc m6 hinh

tim kiém logic (bool), mo hinh TF-IDF, Word2Vec va BERT dwgc néu ra dé so sanh.

Sau cac phan tich, bai bao dé cap mo hinh tim kiem BM25 va tim kieém lai. Van ban

str dung la trang bao dién tir VnExpress vao thang 1/2026. Sau cac thwe nghiém trén

moi treong Google Colab véi ngon ngir Python, bai biao khuyén cido str dung moé hinh

tim kiém lai, két hgp BM25 va BERT/PhoBERT dé ting hiéu qua tim kiém.
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Abstract:

A common activity in web browsing involves retrieving webpage content based on
specified keywords, such as querying pages through widely used search engines like
Google. In this context, text retrieval is understood as the systematic process of
identifying, filtering, and selecting documents that are most relevant to a user’s
information need or query. This article focuses on the processing of Vietnamese
textual data collected from online sources. The texts undergo linguistic preprocessing
steps to ensure they are suitable for both keyword-based and semantic search tasks.
Several established retrieval models are examined and compared, including the
Boolean (BOOL) model, TF-IDF, Word2Vec, and BERT. Following this comparative
analysis, the study further explores the BM25 ranking model as well as hybrid search
approaches that integrate multiple techniques. The dataset utilized in this research
consists of articles from the VnExpress online newspaper, specifically collected from
January 2026. Experimental evaluations are conducted in the Google Colab
environment using Python programming tools. Based on the obtained results, the
study recommends adopting a hybrid search model that combines BM25 with
advanced language models such as BERT or PhoBERT in order to significantly
enhance overall search effectiveness and retrieval performance.

Keywords: BERT, BM25, TF-IDF, semantic search, text search, Word2Vec.

Classification numbers: 1.2, 1.8

1. D3t van dé

Cong viée thuong xuyén khi duyét trang web 1a tim kiém ndi dung céac trang theo
tir khoa, chang han tim cic trang trong may tim kiém cua Google. Viéc tim kiém vin ban
1a qua trinh tim nhitng tu liéu lién quan nhét téi cau hoéi cia ngudi dung. Trong trang web,
ngudi ta mong mudn nhan duoc két qua chinh xac va nhanh chong tir cac siéu vian ban va
siéu lién két. Nhin lai cac hé théng tim kiém, c6 mé hinh str dung thuat toan so sanh logic
bool; sau d6 c6 cac md hinh hoc may.

Vian ban dugc xtr 1y theo ngdén ngir hoc vé tach tir, loai trir tir dung, tao tur dién... 1a
cac dau vao cho mé hinh tim kiém theo tir khoa hay ngit nghia [1, 2]. Phin 2 sau day s&
trinh bay vé bo dir lidu tu dong thu thap dugc. Bai bao sé tai tu dong nhiéu van ban tir trang
tin chinh thong vnexpress.net, chuyén muc Thoi sy, vao ngay 23/1/2026. Van dé & day la
b dit liéu s& dugc phan tich thong ké, thir nhat dé hiéu rd vé ban chit cua dit liéu; thir hai
14 chuén bi dé co thé ap dung cdc mo hinh toan hoc va tri tu¢ nhan tao dé xu 1y dir ligu.

Céac mo hinh tim kiém chinh x4c theo tir khéa nhu mé hinh bool va sir dung trong

s6 nhu term frequency-inverse document frequency (TF-IDF) [1, 3], m6 hinh tim kiém
2
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theo ngit nghia Word2Vec [4, 5] 1a cic mo hinh tim kiém thong dung, nhu bai hoc cho hoc
sinh.

Viéc tim kiém trén vin ban véi cong cuy tri tu¢ nhan tao nhu moé hinh bidirectional
encoder representations from transformers (BERT) hay PhoBERT [6, 7] tao kha ndng tim
kiém manh hon d6i v6i cac cau hoi ¢ ngit nghia phirc tap. Nhirng mé hinh tim kiém nay
cling 1a dé tai nghién ctru cho sinh vién dai hoc.

Phan 3 dé cap bon mo hinh tim kiém dir li¢u. Dya trén cac van ban tai duogc, cac mo
hinh tim kiém van ban sau dugc dung.

- Tim kiém Bool, véi cac toan tur logic dé€ xac dinh tai li€u lién quan.

- Tim kiém v&i TF-IDF, dya trén tin sut tir va phan biét tAim quan trong cua céc
thudt ngi.

- Tim kiém Word2Vec, sir dung tir ngit dé bat mdi quan hé ngit nghia.

- Tim kiém BERT, va cac md hinh Transformer khac, dé hoc ngit canh hai chiéu
clia tir trong cAu, ning cao kha ning truy van ngit nghia phuc tap.

Céc md hinh nay dugc str dung pho bién trong cac bai toan xur 1y ngdn ngit tu nhién,
dic biét 1a trong cac hé théng truy hoi thong tin van ban, dé tim kiém cac doan van ban
theo céc tuir khoa.

Bai bao tim hiéu mé hinh best matching 25 (BM25) [8] va tim kiém lai (hybrid
search) [9]. Viéc tim hiéu cac mo hinh ndy nham so sanh véi bén moé hinh tim kiém néi
trén. Sau d6 nhom nghién ctru khuyén nghi sir dung mé hinh tim kiém lai ddi v6i cac van
ban tiéng Viét trén cac trang web.

2. Ty dong thu thap dir liéu va xir ly so’ by dir li€u
2.1. Thu thap dir liéu

Cac doan van ban dugc tai nho chuong trinh Python. Chuong trinh sit dung ham
mau install requests beautifulsoup4 pandas Ixml, roi thue hién doan chuong trinh sau dé
léy dit litu. Trudc hét can thuc hién cau lénh import requests; from bs4 import
BeautifulSoup.

Doan chuong trinh sau ty dong tiép can tir trang web, bang ham extract_article(url),
r0i duyét trang web https://vnexpress.net/thoi-su.

Viéc do tim (crawl) cho phép (i) duyét ting trang; (i) 14y noi dung, cac lién két,
siéu dir liéu, ma khong can thyc hién thii cong. Néu khong sir dung cong cu ndy, nguoi ta
chi tim duoc nhiing dia chi tai nguyén (URL) d3 biét trude.


https://vnexpress.net/thoi-su
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#Crawl theo NGAY + CHUYEN MUC

TARGET DATE = datetime(2026, 1, 23).date()
CATEGORY _ URL = "https://vnexpress.net/thoi-su"
links = get links by category(CATEGORY URL, max_ pages=10)
data =[]

for link in links:

try:

title, publish _date, content = extract _article(link)

if publish_date == TARGET DATE:

data.append({

"date": publish_date,

"category": "thoi-su",

"title": title,

"url": link,

"content": content

1)

time.sleep(1)

except Exception as e:

print("Lai:", link, e)

Két qua thu duoc nhu sau:

Mounted at /content/drive

date category title url content

0 2026-01- T NgUri hdm ma v da khi Vigt Nam thang Han https://vnexpress.net/nguoi-ham-mo-vo-oa-khi- Hang nghin nguwdi hdm mé trén phd Nguyén Hué
23 Quéc... V.. ho..

1 2026-01- thoisu 10.000 qua phio hoa thip sang bAu troi Ha NG https://vnexpress.net/10-000-qua-phao-hoa- Chao mirng thanh cong ai hoi dai bieu to‘an
23 thap.. qué...

2026-01- T - > z . -~ P - «

2 23 thoi-su 6 00 tong lién hoan trén cao toc TP HCM - Tru. https: net/6-oto-tong-lien-h fre. Hon 18h, 6t0 7 cho dang chay trén cao toc TP H...
3 20267[]213— thoi.sy  CUONG trinh nghé thuat va phio hoa chio mirng htlps:/ivnexpress netichuong-trinh-nghe-thuat-.. Theo S& Vén héa va Thé thao Ha N6i, chwgrg
4 2026'0213' thol-su  Téng Bi thur: "Thao g& moi diém nghé&n, khoi thé. https://vnexpress. netitong-bi-thu-chu-tri-hop- RS s, Wag 2! thL_Vn;I'L?GL"agm;

Hinh 1. Céc vin ban tir trang web dwoc tw dong tai ve.

Noi dung ¢ dang cac doan van ban duogc thé hién qua mot vai cau nga‘in nhu trong
hinh 1. Dé xem ndi dung doan vin ban, nhu hinh 2, nguoi ta nhay vao tiy chon phu hop.
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index date category title url content
0 2026 thoisu  Ngudi | hiipsilvnexpress.netinguoi- | Hang nghin nguéi ham mé trén phé Nguy&n Hug hdi hop rdi v da, nhay mirng khi Thanh Nhan ha Jaeyun bang ci sit vao
0123 hammo | ham-mo-vo-oa-khivietnam- | goc tréi, giop Viét Nam danh bai Han Quéc 7-6 & loat st ludn Iy, sau khi hai di hoa 2-2 trang 120 phiit & trdn tranh hang

v 6a khi thang-han-quoc-o-loat-luan- | ba U23 chau A Hang nghin ngui hdm mé trén phd Nguy&n Hug héi hap rdi v oa, nhay mirng khi Thanh Nhan ha Jaeyun
Vigt Nam | luu-5008323 html bang cu siit vao goc trai gitp Viét Nam danh bai Han Quoc 7-6 & loat sit ludn lwu, sau khi hai dgi hoa 2-2 trong 120 phit &
thang tran tranh hang ba U23 chau A. Cam xdc clia déng dao cd déng vién Ién dén cao trao sau khi tréi qua 120 phat ddy cang
Han thing, dac biét k& tir thi diém Vist Nam bi Han Quédc g& hoa 2-2 & nhirng gidy cudi trén va phai thi du thém 30 phit hisp
Quéc & phu trong thé bi @i phuong & &p sdn dif dbi do choi thiéu ngudi. Cam xic ciia déng dao cb déng vién 1én dén cao trao sau khi
Ioat ludn tréi qua 120 phit ddy céing thang, ddc biét ké tir thi didm Viét Nam bi Han Quéc g& hoa 2-2 & nhitng gidy cudi tran va phai
lwu thi d4u thém 30 phut hiép phu trong thé bi @bi phurong ép san di déi do choi thiéu ngudi. Trong béi canh khung thanh cta thi

mén Van Binh lién tuc bi vay hdm, céc cb dong vién chi biét chép tay cdu nguyén 18 thé phéo sau mdi pha di nha giai vay
thanh céng. Trong bbi canh khung thanh cta thi mén Van Binh lién tue bi vay ham, cdc cé déng vién chi biét chip tay cau
nguyén réi thé phao sau méi pha déi nha gidi véy thanh céng. Trong béi canh khung thanh cla thd mén Van Binh lién tuc bi
vay ham, cac co dong vién chi biét chap tay cau nguyén rdi thér phao sau mdi pha doi nha giai vay thanh cong. Trong bdi canh
khung thanh ciia thi mén Van Binh lién tuc bi vay him, cic ¢b déng vién chi biét chap tay cau nguyen rbi the ' phao sau méi
pha dgi nha giai vy thanh cng. Trong 90 phiit chinh thirc, céc oo déng vién trén phé di b Nguyén Hug hai lan roi vao cam
gidc tiéc nudi khi thdy tra HLV Kim Sang-sik bi Han Ouoc ga héa. Déng tiéc nhat 1 khoanh khic i tuyén Viét Nam danh roi
chién thing & nhi¥ng gidy cudi trdn, khi Minha cai dé tét rdi di didm danh bai thii mén Cao Van Binh, g& hda 2-2. Phiit 68,

Hinh 2. Vin ban diy di.
2.2, Tach tir, loai bo tur dirng trong vdn bdn

Db6i voi bai toan ngdn nglr hoc, cac doan van ban s€ dugc tach tu. Tuy nhién qua
trinh 1am tinh dir liéu & day thuc hién cac nhiém vu: (i) lam sach; (i1) loai bo cac tir dung;
(iii) tach tir; va (iv) tao tir dién v6i n-gram. Bai bao chon 2-gram d6i vai cac thuat ngir tim
kiém. Tach tir tiéng Viét (tokenization) c6 muc dich giai quyét van dé da am tiét cua tiéng
Viét, khong thé tach tir bang khoang trang. Him underthesea.word_tokenize tach dang tir
ghép. Viéc tach tir 1a nén tang cho xur Iy ngdn ngit Viét. Viéc loai bo tir ding (stopwords
tiéng Viét) nham loai cac tir xuat hién rat nhiéu, it mang ndi dung. Chi giit lai cac tir mang
thong tin. Viéc nay 1a quan trong cho mé hinh TF-IDF, tim kiém van ban... Bai nay st

n non_.zn

A 4 At At A | J. nyA" "2 n nmn n nmn A+ LA N 4 'H
4 . 2 9 b b
dung tap cac tu dung 1a "va", "1a", "caa", "co", "cho", "duoc", trong mot", "cac", "véi
Hdﬁ"’ Hnéy", "déﬂ, "nhﬁngﬂ, Hkhi!!’ Htl‘l."’ "theO", "den , Vé”, thun ch‘H H "’" Hbll'
(hinh 3).

n

tokens_filtered bigrams

0 [hang, nghin, ngwéi, hdm_ma, trén, phd, nguyén... [hang nghin, nghin nguéi, nguwdi hdm_mé, ham_ma...

1 [chao_mirng, thanh_céng, dai_héi, dai_biéu, tod...  [chao_mirng thanh_céng, thanh_cong dai_hdi, dai...
2 [hon, h, &t6, ché, dang, chay, trén, cao_tic, .. [han h, h 6td, 6td chd, chd dang, dang chay, c...
3 [s6, vdn_hoa, thé thao, ha_ndi, chuong trinh, .. [0 vin_hoa, vin_hoa thé_thao, thé thao ha_néi...
4 [ngay, sau, I8 bé mac, ting bi_thw, t6_Iam, t... [ngay sau, sau I&, I& bé_mac, b mactdng bi t...

Hinh 3. Van ban dugc lam sach, loai b6 tir dirng va tach tir.

Viéc tao 2-gram (bigram) 1a chi ra cac cap hai tir lién tiép trong vin ban. N6 gitip
duy tri ngit canh, hiéu qua hon 1-gram (unigram) trong: tim kiém, phan loai van ban, phan
tich chu dé.

Trong bai toan xir Iy vin ban, tir dién trong Python c6 vai trd quan trong déi véi
toan bo qua trinh xir 1y. Tir dién 14 anh xa tir mot thuét ngit (term) sang thong tin mo ta. O
day tir dién term 13 tap tat ca cac bigram khong tring 13p. Mdi term 13 mot khai niém gém
hai tir. Tir dién term dung cho: vec to héa van ban, 1ap chi muc tim kiém, TF-IDF bigram.
Tur cac van ban, chuong trinh tao nén 4906 term (hinh 4).
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TERM_DICTIONARY| :4@]

['ai lui_t&i”,
‘an_chanh thap',
‘an_ninh an_toan',
‘an_ninh khu_wyc',
‘an_ninh nhan_dan",
‘an_ninh nam',
‘an_ninh qudc_phang',
‘an_ninh thuong_cdch’,

from itertools import chain "an_ninh thuong_nay’,

# Tao tir dign cdc term

‘an_ninh trudc’,
TERM_DICTIONARY = sorted( ‘an_ninh 481 ngoal’,

; : : o " ! inh_ma hi&n_tranh®
set(chain.from_iterable(df["bigrams"])) .:: :;;n_gr'\nii:h?en_ e
_ _dinh’,

)| ‘an_dd ha_tinh_dd’,
‘anh 1lam',
len(TERM DICTIONARY) ;anh nguyén_thanh_hing’,
- anh ndi',

‘anh vwong_thanh_tudn’,
‘anh_diing bii_minh_gquang’,
A0Q5 ‘anh diing ngzuvdn minh quang’,

Hinh 4. Tao tir dién phuc vu cho tim kiém.

Minh hoa 4nh xa term t6i ndi dung: tir dién term chtra tit ca cac bigram duy nhat
dugc tim thiy trong tap dir liéu. Nguoi ta co thé ding mot term tir tir dién nay dé tim kiém
cac van ban gbc chita nd. Poan chuong trinh sau ding ham search_term dé ly tat ca cac
hang trong khung dir 1iéu ma cdt bigrams cua chiing chira term da cho (hinh 5).

selected term = "ban thuong_tryuc"

# Sur dung ham search term da dinh nghia trudc do
result mapping = search_term(selected term, df)
print(f"Noi dung chtra term '{selected term}":")

display(result_mapping)

Néi dung chifa term "ban thuing truc':

content
8 Chiéu 23/1, tai phién bé macDai héi Bang XIV, _.
10 Chigu 231, sau 5 ngay lam viéc, Dai hdi Bang ...
14 Téi 221, danh sach Ban Chép hanh Trung wong B...
16 200 Uy vién Trung wong khoa XIV sé tién hanh c...

Hinh 5. N§i dung chira mgt term.

Cac dic trung vin ban duoc thé hién nho doan chuong trinh v6i nhiém vu (i) thiét
1ap kich thuéc hinh v&; (ii) v& biéu d6 phan phdi d6 dai noi dung gbc; (iii) v& biéu dd phan
phdi d6 dai nodi dung da 1am sach; (iv) v& biéu dd phan phdi sé luong token.
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Phéan phéi d6 dai ndi dung goc Phan phéi dé dai ngi dung da lam sach

30 ! 30 '

56 lugng bai bae
56 lugng bai bao

1000 2000 3000 4000 5000 6000 7000 8000 1000 2000 3000 4000 5000 6000 7000
6 dai ndi dung (ky tu) 4 dai ndi dung (ky tu)

Phan phéi s6 lugng token Phan phéi s6 lrgng bigram

o

56 luong bai bao
56 Iugng bai bao

]
]

o
o

o
e

00 ¥
200 400 600 800 1000 100 200 300 400 500 600 700 500 200

56 Iuong token 56 Iuong bigram

Hinh 6. Cac dac trung cua van ban.

DPén cubi phﬁn 2, tu liéu gé)m cac doan van ban. N6 dugc xem nhu b dir lié¢u. Bo
dir 1iéu nay da dugc lam sach, tién cho viéc ap cac mo hinh toan hoc hay mo hinh hoc may
dé xir Iy van ban (hinh 6). Phan 3 sau ddy thuc hién viéc tim kiém vin ban theo tir khoa,
turc theo term.

2.3. Pic truwng ngon ngir ciia tiéng Viét

Tiéng Viét 1a mot ngdn ngit kho véi cac mo hinh tim kiém truyén thdng nhu TF-
IDF hay BM25 do c4u tric ngir phap va dic diém chit viét dic thu. Do vay ddi véi cac mo
hinh nay cho tiéng Viét, ngudi ta can dic biét luu y cac thach thire sau:

- Bai toan tach tir: Pay 14 rao can 16n nhat. Tiéng Anh phan tach tir bang khoang
tring, con tiéng Viét dung khoang tring dé phan tich tiéng (syllable). Néu khong c6 bude
tach tir tt, chi s6 TF-IDF s& bj tinh sai vi cac tir ghép bi xé nho thanh cac don tir vo nghia.

+ Tir ddng am khéac nghia va da nghia: Tiéng Viét cuc ky phong ph vé ngit nghia
dua trén ngilr canh.

+ Hién tuong tir muon va viét tit: ngudi ta st dung dan xen rat nhidu tir muon tir
tiéng nudc ngoai va tir viét tit trong vian phong hang ngay.

+ Déu cdu va bién thé telex: Dau thanh trong tiéng Viét thay d6i hoan toan nghia
cua tur.
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3. Cac md hinh tim kiém

Phan nay trinh bay mot s6 mo hinh tim kiém trén céc tép vin ban thu duoc tir web.
Tim kiém vian ban theo term 1a phuong phép tim kiém trong d6 don vi trung tdm 1a term.
Hé thong s& x4c dinh vin ban nao ¢ chira term duoc truy van, tir d6 tra vé két qua phu
hop. Trong xr 1y védn ban, term 13 (i) mot tir don; hay (ii) mot tir ghép. Ciing c6 thé xem
tim kiém van ban theo term la qua trinh tim kiém céc tai liéu dua trén su xudt hién, tin suét
hodc trong s6 clia cac term trong tai licu.

Chuong trinh Python chay trong Colab minh hoa qua trinh tim kiém. Google Colab
(Colaboratory) 1a mdt méi trudng lap trinh Python chay trén nén tang ddm may do Google
cung cip, cho phép ngudi ding viét, chay va chia sé chwong trinh, con goi 1a Jupyter
Notebook, truc tiép trén trinh duyét. Ban chét ciia Google Colab vé mat k¥ thuat 1a (i) ding
Jupyter Notebook m¢ rdng; (ii) chay trén may chu cia Google; (iii) truy cép qua trinh
duyét. Nguoi dung chi can tai khoan Google. Chuong trinh Python & ddy gom cac doan
chuong trinh nhé, nhu cac doan chuong trinh da liét ké trong phan 2.

Céc phan sau sé& thuc hién cac hoat dong nhu trinh bay trong hinh 7.

|

Thu thap di¥ liéu tr trang Web

|

Téch tt, loai bo tir dirng, lam sach dir liéu

|

Tim kiém chinh xac, md hinh bool

|

Tim kiém theo TF-IDF

!

Tim kiém v&i mé hinh Word2Vec

!

Tim kiém v&i mé hinh BERT

v

Tim kiém v6i mé hinh BM25

|

So sanh cac mé hinh tim kiém :
1. Banh gia dinh lwvgng
2. Xt li tiéng Viét chuyén sau

v

So sanh va thao luan trén thyc nghiém:
1.Phan tich dinh tinh

2. So sanh hiéu nang va tai nguyén

3. Thao luan vé tinh thuec tién

Hinh 7. So @6 cAc hoat ddng phan tich so sinh cac mé hinh tim kiém dwa trén tir khéa
va ngir nghia.
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3.1. Tim kiém chinh xdc

Tim kiém chinh x4c, hay tim kiém bool [1, 3] 13 cach truyén thong; n6 sir dung céc
todn tr logic nhu AND, OR, NOT trong biéu thirc cau hoi. Thuét toan xac dinh céc tai liéu
thoa man diéu kién hoi, chinh x4c vé mit ¢l phép.

Céach nay khong danh gia tim quan trong cua tir, khong xir Iy ngir nghia va yéu cau
¢t phap chinh xac. Panh gia vé tiép can nay (i) uu diém: tc do tim kiém nhanh, dé cai dat;
(i) nhugc diém: boé qua ngit nghia, khé mé rong tim kiém linh hoat.

Thi du sau tim thuét ngit 2-gram, tirc bigram, trong cac doan vin ban. N6 (i) kiém
tra bigram c6 xuét hién trong vin ban hay khong; (ii) tra vé cac doan chira thuat ngir do;
(iii) day 1a tim kiém bool dua trén n-gram.

Poan chuong trinh sau tim kiém theo 2-gram. Két qua thu duoc 1a noi dung bai bao
16, “200 uy vién trung wong...”.

# Tim kiém theo term (2-gram)

def search_term(term, df):

result = dfdf]"bigrams"].apply(lambda x: term in x)]
return result[["content"]]

search _term("ban bo nganh", df).head()

Viéc tim kiém theo nhiéu tir khoa 1a twong ty, nhu trong doan chuong trinh sau tim
van ban c6 hai tur khoa (hinh 8).

# Tim nhiéu TERM (OR search)
def search_terms(terms, df):
return df[df]"bigrams"].apply(
lambda x: any(t in x for t in terms)
)][["content"]]

search_terms(["ban thuong_truc", "an_toan 6n_dinh"], df).head()

content
8 Chiéu 23/1, tai phién bé macDai héi Bang XIV, _.
10 Chiéu 2311, sau 5 ngay lam viéc, Dai hdi Dang ...
14 T&i 22/1, danh sach Ban Chap hanh Trung wong B._.
16 200 Uy vién Trung wong khéa XIV & tién hanh c._.

Hinh 8. Két qua tim kiém theo nhiéu tir khoa.

Mo hinh tim kiém bool cho két qua 13 cac van ban c6 dung cac tir khéa. Yéu cau
nay 1a kha chit ch&. Bé thu duoc cac két qua tim kiém rong hon, ngudi ta c6 thé sir dung
9
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cac mo hinh khac. Cac mo6 hinh nay duoc sir dung lam co s¢ so sdnh vo1 mo hinh Boolean
truyén thong. Chung 1a ba mé hinh duoc trinh bay sau day.

Y tudng so sanh dinh luong thé hién trong ba mé hinh sau day 1a (i) véi mot cau hoi
tim kiém, ngudi ta can biéu dién ciu hoi thanh mot vec to; (i) biéu dién mbi van ban thanh
mot vec to; (iii) tinh d6 twong tir cosine; (iv) khi duoc nhiéu do twong tu cosine, nguoi ta
chon ra mot sb vin ban gan nhat véi cau hoi theo do do cosine. Tiéu chi dinh luong & day
13 chon ra cac vdn ban ndo gan véi ciu hoi vé vec to.

Do tuwong ty cosine 1a thude do dung dé danh gia mirc do gidng nhau giita hai vec
to dua trén goc gitra chung, khong phu thude vao do dai vec to. Do do gitra hai vec to a va
b duoc tinh bang (tich vo hudng cia a va b)/ ((d6 dai chuan cua vec to a) * (46 dai chuin
cua vec to b)).

3.2. Tim kiém véi mé hinh TF-IDF

Mo hinh TE-IDF [1] 1a mét trong nhitng mé hinh tim kiém duya trén dic trung vin
ban. TF-IDF tao ra vec to dic trung sb cho van ban, trong do: (1) mdi chiéu 1a mot term;
(ii) gia tri mdi chiéu bang mirc d6 quan trong cia term. Nhu vay van ban duoc chuyén
thanh vec to TF-IDF.

Nguoi ta dung TF do tan suét tir trong tai liéu, IDF do do hiém cua tir trong toan tap
tu liéu. V6i thuat ngit t va tu lidu d, TF(t, d) = (s6 1an xudt hién t trong d)/(téng s cac tir
trong vin ban d); IDF(t) = log(tong sb cac vin ban trong tap tu liéu)/ (s6 van ban trong tu
lidu c6 thuat ngir t xuat hién); TF-IDF(t, d) = TF(t, d) x IDF(t).

Mo hinh cho vec to dic trung dung dé do do twong dong giita (i) cdu hoi; va (ii) tu
liéu. M6 hinh nay xt 1y tdt trong sb tir va 1am viéc véi dit liéu thua.

Bai bao st dung Python trong Colab tim kiém bang TF-IDF, véi tir khoa
“nhan_dan”, gdm (i) ghép token thanh chudi; (ii) viét ham tim kiém. Két qua thu dugc nhu
trong hinh 9.

content score
4 Ngay sau I& b& mac, Téng Bi thu Té Lam; Thwdng...  0.103344
10 Chiéu 23/1, sau 5 ngay lam viéc, Blai hgi Dang ... 0.095474
11 Trudrc d6 mét ngay, Téng Bi ther Té Lam cang 9 U 0.083761
16 200 Uy vién Trung wrong khda XIV s& tién hanh ... 0.056583
8 Chiu 23/, tai phién bé& macBai hai Bang XIV, _ 0.033351

Hinh 9. Két qua tim kiém “nh4n dan” véi mé hinh TF-IDF.
3.3. Tim kiém véi mé hinh Word2Vec

M6 hinh Word2Vec [4, 5] st dung hoc may, nhing tir, khong gidm sat, anh xa tur
vao khong gian vec to lién tuc c6 chiéu thap hon. Word2Vec 1a mé hinh biéu dién tir dua

10
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trén ngit nghia, trong d6 mdi tir (word) dugc anh xa thanh mot vec to trong khong gian lién
tuc, phan anh y nghia va méi quan hé ngir canh giita cac tir. Trong tim kiém van ban,
Word2Vec gitp tim theo nghia, khong chi theo tir khoa.

Ban chit ciia mé hinh Word2Vec 1a (i) hoc vec to tir ngit canh xuat hién; (ii) cac tir
c6 ngit canh gidng nhau thi vec to twong Gmg s& gan nhau; (iii) mdi tir tng v6i mot vec to.
Mo hinh nay khac véi mé hinh TE-IDF & chd (i) TE-IDF dya trén tan suét; (ii) Word2Vec
dua trén ngilr nghia.

Mo hinh Word2Vec ¢6 hai kién truc chinh (i) CBOW (continuous bag-of-words)
cho phép du doan tir trung tam tr nglr canh; nhanh, phu hop dit liéu 16n; (i) Skip-gram.
M3i tir duge bicu dién bang mot vec to sd. Cac vec to nay giit thong tin ngit nghia. Nguoi
cho phép du doan ngir canh voi tir trung tam; tot cho tir hiém, nén hay duoc ding trong tim
kiém.

Nguoi ta sir dung do do cosine dé so sanh cac vec to. M6 hinh Word2Vec mé rong
kha ning truy van qua viéc (i) so sanh ngit nghia; (ii) khong chi xem xét triung tir. Trudc
hét can huan luyén mé hinh.

A2?

Poan chuong trinh sau tim kiém va hoi v6i tir khéa “nhan_dan”. Bai bao (i) sir dung
gensim.models trong Python dé goi Word2Vec; (ii) mé ta ham search word2vec(query,
df, model, doc vectors, top k=5); (iii) hoi bang search word2vec("nhan dan", df,
w2v_model, doc_vectors w2v). Két qua thu dugc nhu trong hinh 10.

content score
1 Trwée d6 mét ngay, Téng Bi thuy Té Lam cang 9 U 0.874639
16 200 Uy vién Trung rong khoa XIV s& tién hanh c...  0.873273
4 Ngay sau I& bé& mac, Tdng Bi thw Té Lam; Thuéng... 0.872994
10 Chidu 231, sau 5 ngay lam viéc, Bai héi Bang ... 0.871743
6  Taiphién bé macBai hai Dang XIV, Chi tich Qué... 0.871255

Hinh 10. Két qua tim kiém “nhéin din” v6i mé hinh Word2Vec.
3.4. Tim kiém véi mé hinh BERT

BERT [6, 7] 1a mot md hinh ngén ngir dua trén kién tric Transformer, hoc biéu dién
hai chiéu cua tir trong cdu. Khong giéng mo hinh Word2Vec chi hoc tir don 1é trong ngir
canh cuc bo, md hinh BERT hoc ngit canh phong phu: (i) Mdi tir duoc ma héa phu thudc
vao toan bd ngir canh trai-phai; (ii) C6 thé tinh chinh dé thyc hién cac nhiém vu nhu phan
loai, xép hang...

Vé dic trung ciia md hinh ndy, nguoi ta thay (i) BERT 1a mé hinh ngon ngir sdu dya
trén Transformer, cho phép hiéu ngit canh hai chiéu cta vin ban. Trong tim kiém vin ban,
BERT giup hé thong hiéu ¥ dinh truy van va ngit nghia sau cta tai liéu, vuot xa cac mod

11
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hinh dua trén term; (ii) mdi tir khoa, hay term, duoc biéu dién bang vec to phy thudc ngit
canh; (iii) cing mot tir c¢6 thé 1 vec to khac nhau trong ngit canh khac nhau; (iv) cau hoi
va tu liéu dugce so khdp theo nghia, khong chi theo tir khoa. Vay st dung BERT cho phép
chuyén tir viéc tim kiém theo term sang tim kiém theo ngir nghia.

Pac trung co ban cua BERT duogc thong ké nhu sau:

- Ngit canh hai chi€u: hi€u tur dya trén ca bén trai va bén phai; gidi quyét van de da
nghia cia mot term. Do vay mo6 hinh BERT hon han m6 hinh Word2Vec;

- Biéu dién theo ngit canh: vector biéu dién cua term phu thudc vao ngit canh cau.
bicu nay quan trong d61 véi viée hoi ty nhién, cau hoéi dai;

- Hi€u y dinh cau héi: hiéu cau trac nglr phap; hi€u moi quan h¢ gitra cac tur

- Khép nghia & mac cau / doan: so sanh cau hoi voi tu liéu & mirc cdu van, mirc
doan van; sir dung do do cosine. Nhu vay viéc tim ki€ém khong nhat thiét trung tir khoa;

- Khéng can lay dic trung cic vin ban mot cach thi cong: khong yéu cau TF, IDF,
tor dung...; BERT tu hoc ddc trung. Nhu vay s€ bo quan bude tién xur 1y van ban.

Poan chuong trinh sau m6 ta ham tim kiém theo moé hinh BERT trong Python va
két qua thu dugc nhu hinh 11, véi cdu hoi 12 search_bert("nhan_dan", df, bert_embeddings,
bert model).

content sCore
12 Khoang 9h20, xe ben do anh Vieong Thanh Tudn (2. 0.397721
7 Sang 23/1, hai nghi I3n thir nhét Ban Chip hanh...  0.380154
1 Truéc d6 mét ngay, Téng Bi thw Ta Lam cing 9 U 0.366257
4 Ngay sau |8 bé mac, Téng Bi thu T Lam: Thuéng... 0.358633

1 Chao mirng thanh céng Dai hai dai bidu toan qud... 0312465
Hinh 11. Két qua tim kiém “nhin din” véi mé hinh BERT.
3.5. Mo hinh cdi tién cua TF-IDF, BM25, va mo hinh tim kiém lai

Mo hinh TF-IDF tim kiém dya trén tir khéa. N6 dénh gia tim quan trong ctia mot
tir dwa trén: (i) TF: Tl xuat hién cang nhiéu trong van ban thi cang quan trong; (ii) IDF:
Tir xuat hién & quéa nhiéu van ban khéc nhau thi cang it gia tri.

BM25 1a mé hinh ké thira va hién 1a tiéu chudn cho tim kiém vén ban c6 dién [8].
N6 cai tién TF-IDF ¢ hai diém (i) Béo hoa tan suat tir: BM25 hiéu rang néu tim "iPhone",
mot van ban chira tir nay 20 1an khong nhat thiét phai tot gip doi van ban chira 10 1an. Sau
mot ngudng nhit dinh, diém sb s& di ngang; (ii) Do dai vin ban : N6 "phat" cac vin ban
qua dai nhung lodng va uu tién cac vin ban ngin nhung suc tich, chira ding tir khoa.

N6i vé mo hinh tim kiém lai [9]: mic du BM25 tdt trong viéc khdp chinh xac tir

khoa, n6 lai "mu" vé mat nglr nghia. Néu ngudi ta tim "d6 udng c6 con" ma van ban chi co
12
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chit "bia", BM25 s& bo qua. D6 1a 1y do sir dung mé hinh nay. Tim kiém lai két hop (i) tim
kiém dense vector: sir dung cac md hinh AI (nhu BERT) dé hiéu ngir nghia. N6 tim kiém
dua trén "y nghia" thay vi "mat chir"; (i) tim kiém sparse, BM25: dé cac tir khoa chuyén
nganh, ma san pham hoic tén riéng dugc khép chinh xac tuyét dbi.

3.6. So sdnh cdc mé hinh tim kiém

Vi tu liu tai tu trang vnexpress.net ngay 23/1/2026 va thuat ngir hoi 1a "an _ninh
quéc_phong", chuong trinh sau s& so sanh dinh lugng bon mé hinh tim kiém. Bang 1 so
sanh cac mé hinh tim kiém. M6 hinh bool ¢ két qua 1a 1, trong khi ba mé hinh sau c6 két
qualas.

- Tim kiém bool: (i) van ban chi dugc tra vé néu co dung thuat ngir hoi; (i) khong
c6 khai niém “gan nghia”;

- M6 hinh TF-IDF: (i) dua trén tring tir / cum tir; (ii) khong hiéu nghia;

- M6 hinh Word2Vec: (i) dua trén gan nghia tir vung; (ii) vec to vin ban 1a trung
binh cua vec to tu;

- M6 hinh BERT: (i) tim kiém theo ngit nghia, hiéu toan b ngir canh; (ii) khi tir
cung ¥ nghia s& ¢ vec to gan nhau.

Bang 1. So sanh két qua tim kiém theo b6n mé hinh.

Mo hinh tim kiém Poan chuong trinh Két qua Giai thich

QUERY = "an_ninh quc_phong"
Day la baseline

thép nhét, Do
chinh xac cao

def search by term(term, df):
return df[df]"bigrams"].apply(lambda

Tim kiém bool x: term in X)][["content"]] 1 .. R
(precision), B
result_term = search_by term(QUERY, phu thip (recall)
df)

len(result_term)

Tra vé van
> - h A
result_tfidf = search_tfidf(QUERY, df, ban co nhicu
Tim kiém TF-IDF tfidf vectorizer, tfidf matrix) 5

result_tfidf

tu trung;
Khéng cén
xudt hién

dtng TERM
Co thé tra vé van
result_w2v = ban khong chira
Tim kiém search word2vec(QUERY, df, TERM; Nhung
Word2Vec w2v_model, doc_vectors w2v) > ndi vé an ninh,
result w2v qudc phong, quic
gia

13
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result_bert = search_bert(QUERY, df,
bert_embeddings, bert model) 5

result_bert

Tim kiém
BERT

Theo thuc nghiém trén dir liéu bai bao st dung, dbi v6i ba mo hinh tim kiém sau,
danh gia vé do chinh xac P va d6 phu R thé hién nhu trong bang 2.

Bang 2. So sanh d chinh xac P va dd phi R ciia ba mé hinh tim kiém sau.

M4 hinh tim kiém P chinh xac P Do phi R
TF-IDF Trung binh Théap
Word2Vec Trung binh Trung binh
BERT Cao Cao

So sanh Precision & Recall cho QUERY: an_ninh quéc_phong

0.8 4

0.6 1

Score

0.4+

0.2

BN Precision
0.0- T
TF-IDF Word2Vec BERT

Hinh 12. Biéu dd so sanh ba mo hinh.

Theo Iy thuyét, c6 nhan xét chung vé hiéu qua cta tirng mé hinh tim kiém theo hinh
12 nhu sau [2]:

- Mo hinh bool: (i) nhanh, don gian; (ii) khong hiéu ngir nghia, hoi chua linh hoat.

- M6 hinh TF-IDF: (i) don gidn hon m6 hinh Word2Vec hay mé hinh BERT, cai
thién hon mo6 hinh bool; (ii) khong m6 hinh hoa ngit nghia.

- M6 hinh Word2Vec: (i) hiéu dugc phan nao ngit nghia; (ii) nhing tir don, mat cau
truc cau.

- M5 hinh BERT: (i) hiéu ngit canh hai chiéu, hiéu qua cao; (ii) yéu cau tinh toan
16n, phirc tap khi trién khai.

3.6.1. PBanh gia dinh lwong

Thay vi chi nhan xét cam tinh, sau ddy 1a cac chi s6 do ludng chuan trong tim kiém
thong tin:

- PrecisionK: P chinh xéc trong K két qua dau tién;

14
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- Thoi gian phan hoi: So sanh téc do gitta TF-IDF (nhanh) va BERT (cham, can

Chuong trinh Python cho phép tinh toan d6 chinh xac sau mdi 1an tim kiém theo cac

mo hinh khac nhau.

ground truth = {

"an ninh quéc_phong": [10, 25, 42, 55], # ID hodc Index ciia cac bai bao lién quan

"chinh_sach kinh té": [5, 12, 18],
"y té gido duc": [3, 7, 21, 33, 45]
}

def evaluate_model(search_func, queries, gt data, df, **kwargs):

results = []

for query, true ids in gt data.items():

start_time = time.time()

# Lay Top 10 két qua tir mo hinh

pred df =search func(query, df, **kwargs, top_k=10)
latency = (time.time() - start_time) * 1000 # miliseconds
# Lay index cua két qua du doan

pred ids = pred_df.index.tolist()

# Tinh Precision@5

top 5 =pred ids[:5]

hits 5 = len(set(top_5) & set(true_ids))

p_at 5=hits 5/5

# Tinh Recall@10

hits 10 = len(set(pred ids) & set(true ids))
recall_at 10 = hits 10/ len(true_ids)

# Tinh Reciprocal Rank

rs =[1 if11in true ids else O for 1 in pred ids]

15
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rank = np.where(np.array(rs) == 1)[0]
mrr = 1/ (rank[0] + 1) if len(rank) > 0 else 0
results.append({
"Query": query,
"P@5":p at 5,
"Recall@10": recall at 10,
"MRR": mrr,
"Latency (ms)": latency
})
return pd.DataFrame(results)
# 2. Chay danh gid cho cdc md hinh
# Danh gia BM25

eval bm25 = evaluate model(search _bm25, ground truth.keys(), ground truth, df,
bm25 model=bm?25)

# banh gid BERT

eval bert = evaluate model(search bert, ground truth.keys(), ground truth, df,
embeddings=bert embeddings, model=bert model)

# 3. Tong hop két qua trung binh
summary = pd.DataFrame({
"Metric": ["Avg P@5", "Avg Recall@10", "Avg MRR", "Avg Latency (ms)"],

"BM25": [eval bm25["P@5"].mean(), eval bm25["Recall@]10"].mean(),
eval bm25["MRR"].mean(), eval bm25["Latency (ms)"].mean()],

"BERT": [eval bert["P@5"].mean(), eval bert["Recall@10"].mean(),
eval bert["MRR"].mean(), eval bert["Latency (ms)"].mean()]

1)

print("BANG SO SANH BINH LUQGNG")

display(summary)

Sau khi chay chuong trinh, bai bdo c6 nhan xét sau:

- V& d6 chinh xac: BM25 thudng c6 gia tri P@5 cao hon dbi véi cac truy van ngén,

ttr khoa cu thé vi nd khép chinh xéc thuc thé. BERT c6 thé tra vé cac van ban "c6 vé lién

16
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quan" vé cha dé nhung khong chira tir khoa, lam giam P@35 trong mot s trudng hop tim
kiém thong tin tho.

-Vé do phu: BERT vuot trd1 hoan toan. Trong khi BM25 c6 Recall =0 néu vin ban
dung tir dong nghia (vi du: truy vn "khéng quan" nhung vin ban ghi "may bay chién ddu"),
BERT van tim thiy nhd khong gian vec to ngit nghia.

- V& hiéu ning: BM25 phan hdi gan nhu tire thi (<10 ms), trong khi BERT mét thoi
gian tinh toan vec to truy van va so khp Cosine trén khong gian cao chiéu (>100 ms néu
khong c6 GPU).

3.6.2. Xur Iy tiéng Viét chuyén sdu
Theo nhan xét vé ngdn ngit Viét trinh bay trong phan trén, bai bao dé xuat

- St dyng PhoBERT: Thay vi BERT da ngoén ngit chung chung, hady dung
PhoBERT. PhoBERT la phién ban BERT dugc t6i wu riéng cho tiéng Viét, cho phép dé
nhing vin ban. Diéu nay 1am tang tinh chuyén siu cho bai bao;

- Xt Iy thuc thé (NER): Nhan dién cac tén riéng nhu "B6 Cong an", "Chinh phu"
dé uu tién trong s6 khi tim kiém tin tirc thoi su.

Chuong trinh sir dung PhoBERT dudi day sé& tim kiém. két qua tim kiém s& duoc
so sanh v&1 cac mo hinh tim kiém khac dé thay vu diém cia PhoBERT d6i v6i van ban
tieng Vigt.

# Ham tim kiém PhoBERT

def search_phobert(query, df, embeddings, model, top k=5):

query_vec = model.encode([query], convert to tensor=True)

scores = cosine_similarity(query vec.cpu(), embeddings.cpu())[0]

df result = df.copy()

df result["score"] = scores

return df result.sort values("score", ascending=False)[["content",
"score"]].head(top k)

# Chay tim kiém véi PhoBERT

result phobert = search phobert(QUERY, df,  phobert embeddings,
phobert model)

print("Két qua tim kiém bang PhoBERT:")

display(result phobert)

17
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Dé tich hop md hinh BM25 bai bao dung thu vién rank bm25. Pay la thuit toan cai

tién dua trén nén tang cua TF-IDF nhung t8i wu hon trong viéc xur Iy dg dai van ban va sy
bdo hoa cua tin sut tir.

M hinh tim kiém lai dugc thuc hién theo hai budce. Bude thit nhét st dung BM25
dé loc ra céc ung vién. Thi du doan chuong trinh sau loc ra 10 ng vién, voi tir khoa
“dai_hoi”.

# BM25 tim 10 &rng vién

corpus = df["processed"].tolist()

tokenized corpus = [doc.split() for doc in corpus]
bm25 = BM250kapi(tokenized corpus)
query = "dai_hoi"

query = preprocess(query)

tokenized query = query.split()

scores = bm25.get_scores(tokenized query)
top10_idx = np.argsort(scores)[::-1][:10]
bm25 candidates = df.iloc[top10_idx].copy()
bm25_ candidates

Budc thir hai str dung mé hinh tim kiém BERT hay PhoBERT dé xép hang két qua
tim kiém. Poan chuong trinh sau sir dung PhoBERT dé xép hang.

phobert_scores = rerank(query,

bm25 candidates["processed"].tolist(),
phobert_tokenizer,

phobert_model)

bm25 candidates["phobert score"] = phobert scores

_n

phobert ranked = bm25 candidates.sort values(by="phobert score",

ascending=False)
phobert_ranked

Hién véi dir liéu thir nghiém khong du 16n, st dung mo hinh tim kiém BERT hay
PhoBERT déu cho hiéu qua vé d chinh xac P va d6 phu R nhu nhau.

3.7. So sanh va thao ludn trén nhirng thuc nghiém

Dua trén dir li¢u thuc nghiém thu thap to VaExpress vao ngay 23/01/2026, bai bao
tién hanh phan tich dbi chiéu giita cac nhém mo hinh: (1) Nhom so khép tir khoa truyén
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théng (Boolean, TE-IDF), (2) Nhom cai tién trong s6 (BM25), va (3) Nhom hoc may ngit
nghia (Word2Vec, BERT).

3.7.1. Phén tich dinh tinh cdc két qud truy vin

Vi cau hoi truy van "an ninh qudc_phong", két qua tir cac mé hinh boc 16 nhitng
ddc diém khac biét 1o rét:

- M6 hinh bool va TF-IDF: Cho két qua rat hep. Néu vin ban khong chira chinh xéac
cum tir ghép, mo hinh bool s& bo sét hoan toan. TF-IDF cai thién hon bang cich gan trong
s6, nhung van bi nhiéu bdi cac bai viét dai c6 tan suat tir lp lai cao ma khong thuc sy lién
quan dén ndi dung chinh.

- M6 hinh BM25 1a tot: BM25 the hién su vuot trdi so véi TF-IDF. Nh¢ co ché bao
hoa tan sudt tir va diéu chinh theo do dai van ban, BM25 wu tién cac doan vin ngén co chira
tir khoa c6 dong. Két qua tra vé c6 do chinh xac rat cao ddi véi cac truy van chira thuc thé
xac dinh (vi du: tén co quan, by nganh).

- M6 hinh BERT: Khéc biét hoan toan v&i cac mé hinh trén, BERT c¢6 thé tra vé cac
bai bao khong chira tryc tiép tir "an ninh" hay "qudc phong" nhung chira cac khai niém lién
quan nhu "tudn tra bién gidi", "chi quyén bién dao" hodc "hop tic quan su". Piéu nay
ching minh kha nang hiéu ngir canh hai chiéu vuot xa viéc so khop ky tu.

3.7.2. So sanh hiéu nang va tai nguyén

Bang duéi ddy tom tit cac tiéu chi danh gia giita hai mo hinh manh nhat dai dién
cho hai tiép can (i) BM25; (ii) BERT.

Bang 3. So sanh hi¢u ning va tai nguyén.

Tiéu chi Mo hinh BM25 (Keyword-based) M6 hinh BERT (Semantic-based)

Co ché chinh Thong ké tan suat & do dai van ban Nhung ngit canh (Contextual embedding)
D6 chinh xac Rét cao v6i tir khoa 13 rang Cao, doi khi bi nhiéu ngir nghia

P phi Thép (chi tim thiy bai c6 tir khoa) R4t cao (tim theo ¥ nghia trong ddng)
Téc d xir ly Cuc nhanh (mili gidy) Cham (doi hoi GPU dé tinh toan vec to)
Ung dung toi wu Tim tén riéng, ma luat, dir li€u tho Tim y tudng, cau hoi ty nhién, chatbot

3.7.3. Théo ludn vé tinh thuc tién
Két qua thyc nghiém cho thay khong c6 mé hinh nio 14 hoan hao tuyét doi.

- BM25 1a su lya chon hang dau cho céc hé théng tim kiém trang web can toc do
phan hdi nhanh va sy minh bach trong két qua (ngudi dung thiy tir khoa ho gb ndm trong
két qua).
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- BERT cho thy tim kiém thong minh hon, dic biét hiéu qua khi nguoi dung nhap
cac cau hai dai hodc khong nh¢é 1o thuat ngir chinh x4c.

- Két luan rat ra: Xu hudng t8i wu nhét cho cac trang web thuong mai dién tir hoac
bao chi hién nay 1a sir dung tim kiém lai: (i) trudc hét dang BM25 dé loc nhanh céc vin
ban chua tir khoa; (ii) sau d6 dung BERT dé xép hang lai cac két qua d6 theo d6 twong
dong ngit nghia. Su két hop nay gitup tan dung téc d6 cia BM25 va thong minh ctia mé
hinh Transformer.

4. Két ludn

Bai bdo da hoan thanh muyc ti€u nghién ctru va thuc nghiém so sanh cac mo6 hinh
tim kiém van ban tir truyén théng dén hién dai trén tap dit licu thuc té tur trang tin VnExpress
(thang 1/2026). Thong qua qua trinh tu dong thu thap, 1am sach va biéu dién dir liéu bang
cac thuat toan tir khéa va ngit nghia, nghién ctru da rat ra nhimng két luan sau:

- V& hiéu qua ctia cac mo hinh don 1é: (i) Cac mé hinh truyén thdng nhu bool va
TF-IDF boc 16 han ché 16n vé d6 phu va kha ning xir Iy bién thé ngdn ngir; (ii) M6 hinh
BM25 ching minh dugc vai trd quan trong trong tim kiém tir khéa voi kha nang can bang
d6 dai van ban va tdi vu hoa trong s6 thuat ngir, mang lai tbe do phan hdi cuc nhanh; (1i1)
Mo hinh BERT thé hién su vuot troi vé kha nang hiéu y dinh nguoi ding qua céc truy van
ngtr nghia phtrc tap, vuot xa kha nang ciia mo hinh nhing tir cuc bd nhu Word2Vec.

- Khuyén céo sau két qua phan tich va thyc nghiém: Str dung mé hinh tim kiém lai.
Dua trén cac phan tich dinh luong va dinh tinh, bai bao nhan thdy mé hinh tim kiém lai 1a
giai phap t6i wu nhét cho cac hé thong tim kiém trang web hién nay. M6 hinh nay két hop
sttc manh cua hai phan (i) truy van dit liéu bang BM25 dé nhanh chéng sang loc cdc tai
lidu chira tir khoa chinh xac tir kho dit liéu 16n, dam bao hiéu nang va tinh on dinh; (ii) xép
hang nhd BERT dé dénh gia lai mirc 46 twong dong ngit nghia cta cac tai lidu da loc duoc,
gitip dua nhitng két qua phu hop nhét vé& mat ndi dung 1én vi tri dau tién.

- Gia tri thuc tién va hudng phat trién: Két qua tim hiéu va thuc nghiém nay c6 kha
nang tng dung truc tiép vao cac nén tang thuong mai dién tir, hé thdng quan tri ndi dung
va cong cu phan tich thai d6 nguoi dung mang. Viéc chuyén dich tir tim kiém tir khoa don
thudn sang tim kiém lai giup doanh nghiép giai quyét bai toan "hiéu dung y khach hang"
ma van dam bao duoc tde do xtr Iy trén quy mé dir liéu 16n.

Trong twong lai, nghién ctru c6 thé mé rong sang viée tich hgp cac mo hinh ngén
ngir 16n (LLM) va k¥ thuét retrieval-augmented generation (RAG) dé khong chi tim kiém
ma con ty dong téng hop cau tra 101 tir dir liéu web, kién tao nén cac hé théng hd tro nguoi
dung théng minh va toan dién hon. Cac két qua ma nhom nghién ctru dua ra hién dya trén
dir liéu thir nghiém nho, ciia trang web vnexpress.net. Két qua phan tich, danh gia cac mo
hinh tim kiém s& t&t hon néu thir nghiém trén bo dit liéu chuan vé van ban tiéng Viét. Nhém
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nghién ctru méi dirng & mirc tim hiéu cdc mo hinh dé phan tich so sanh va dua ra khuyén

nghi sit dyng mo6 hinh tim kiém lai.
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