34

UNG DUNG HQC MAY VA TAN SUAT THUAT NGU -
NGHICH PAO TAN SUAT TAI LIEU TRONG PHAN LOAI
HO SO UNG VIEN NGANH CONG NGHE THONG TIN
HO TRQ TIEN SANG LOC TUYEN DUNG

Nguyén Thi Muoi Phuong!*, Tran Thi Lua', Trin Thi Nga!
Ly Cao Tu', Vii Thi Duyén'
“Tac gia lién h¢, Email: phuong.ntm@phuongdong.edu.vn; ORCID: 0009-0009-0157-9281

Ngay toa soan nhan dugc bai bao: 15/06/2026
Ngay phan bi¢n danh gia: 22/06/2026
Ngay bai bao dugc duyét dang: 14/09/2026
DOI: 10.59266/houjs.2026.1425

Tém tit: Nghién ciru xdy dung hé thong hé tro tién sang loc hé so img vién nganh
Cong nghé théng tin thong qua phdn loai hé so ieng vién (Curriculum Vitae - CV) tiéng Viét
theo nhém nghé. Hé thong tich hop mé-dun trich xudt van ban tir cdc dinh dang dau vao, tién
xit Iy van ban, biéu dién dac trung bang TF-IDF va bon thudt todn hoc mdy gom Mdy véc-to
hé tro (Support Vector Machine - SVM), bé phdn loai Bayes don gian (Naive Bayes - NB), hoi
quy logistic (Logistic Regression - LR) va rimg ngau nhién (Random Forest - RF). Bé dir liéu
nghién ciru gom 345 CV dwoc gan vao bon nhém Web Developer, Backend Developer;, Data
Analyst va Tester. Dir liéu dwoc phdn chia ¢é phan tang thanh tdp hudn luyén va tip kiém
tra; viéc lira chon mé hinh va t6i wu siéu tham s6 dwoc thuc hién trén tap hudn luyén, trong
khi tap kiém tra déc lap gom 69 CV duwoc sir dung cho danh gid cudi ciing. Trén tdp kiém tra,
SVM tuyén tinh dat d¢ chinh xdc (Accuracy) 88,41%, diém FI c6 trong so (Weighted-F1)
88,22%, diém FI trung binh vi mé (Macro-F1) 87,10% va d¢ chinh xdc cdn bang (Balanced
Accuracy) 87,04%. Phén tich 16i cho thdy sw nham lan tdp trung chii yéu giita Web Developer
va Backend Developer. Két qua cho thdy TF-IDF két hop SVM ¢6 tiém ndng hé tro phan logi
CV 6 budc tién sang loc; tuy nhién hé thong khong thay thé danh gid chuyén mén cia nha
tuyén dung va can dwoc kiém dinh trén dir liéu déc lap lon hon trudc khi trién khai thuc té.

Tir khéa: hoc mdy, ho so iing vién, phan logi van ban, tién sang loc, tan sudt thudt ngir - nghich
ddo tan sudt tai liéu

I. bit vin dé nhén va xir ly. Dbi voi linh vue Cong nghé
Su phat trién cta cac nén tang tuyén thong tin (CNTT), mét CV thuong chira
dung truc tuyén lam gia tang dang ké sb dong thoi thong tin vé ngdn ngit 1ap trinh,
luong hd so ma doanh nghiép can tiép framework, co s¢ dit li€u, cong cu, dy an,
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vi tri cong viéc va kinh nghi¢m thyc té.
Viéc phan loai thu cong mot sb luong 16n
ho so vi vay doi hoi nhiéu thoi gian va co
thé chiu anh huong boi su khac biét trong
cach dénh gia ctia ngudi tuyén dung.

Céc k¥ thuat xtr Iy ngoén ngir ty nhién
va hoc méay cho phép biéu dién noi dung
CV dudi dang dic trung s6 va xdy dung
mé hinh nhan biét cac nhém hd so. Tuy
nhién, phan loai CV theo nhém nghé khong
ddng nghia v4i danh gia nang lyc cua tmg
vién. Panh gia nang lyc doi héi mo hinh
nang luc, tiéu chi va thang do riéng cling
nhu qua trinh kiém dinh phu hop. Vi vay,
nghién ctru nay gioi han pham vi ¢ viée xay
dung hé théng hd tro tién sang loc bing
cach phan loai CV vao nhom nghé du kién,
khong dua ra quyét dinh tuyén dung hay
diém nang lyc cho tng vién.

Nghién ctru tép trung tra 101 ba cau
hoi: (1) TF-IDF (Term Frequency - Inverse
Document Frequency) két hop cac thuat
toan hoc may truyén thdng c6 thé phan
loai CV tiéng Viét nganh CNTT vd&i hiéu
nang nhu thé nao; (2) mé hinh nao cho két
qua phu hop nhét trén bo dir liéu nghién
ctru; va (3) cac nhdm nghé nao c6 mirc do
nham 13n cao va can luu y khi sir dung hé
thdng trong tién sang loc.

Pong gop cia nghién ctru gdm: xay
dung mot bo dir liéu CV tiéng Viét theo
bén nhém nghé CNTT; xiy dung quy
trinh xtr 1y tir trich xuat van ban dén phan
loai; va thyc nghiém so sanh cac mo hinh
hoc méy trén cing biéu dién TF-IDF.

II. Co s& ly thuyét va tong quan
nghién ciru

2.1. Phan logi van bén va biéu dién
TF-IDF

Phan loai van ban la bai toan gan
mot hodc nhiéu nhan di xac dinh trudce
cho tai liéu dya trén ndi dung (Aggarwal
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va Zhai, 2012). Trong CV nganh CNTT,
cac thuat nglr nhu Java, Python, React,
Node.js, SQL, Selenium hay Power BI c6
kha ning cung cip tin hiéu phan biét giita
cac nhoém nghé.

TF-IDF biéu dién tai ligu dudi
dang vector va diéu chinh trong s6 cua tir
dua trén tin suit xuit hién trong mot tai
liéu va mirc d6 phd bién cua tir d6 trong
toan bg tap van ban. Voi cach trién khai
TfidfVectorizer c¢6 smooth idf=True,
trong sb IDF duoc tinh:

idf(t)=log[(1+N)/(1+df)] + 1

trong d6 N 1a téng so tai lidu va df(t) 1a
s6 tai liéu chira tir t; viéc cong 1 vao tor
va mau tuong Gmg voi co ché lam muot
smooth_idf=True.

2.2. Cac moé hinh phan logi

Nghién ctru dbi sanh bén mé hinh:
LR, SVM, NB va RF. SVM tuyén tinh
dac biét phu hop véi dir li¢u van ban TF-
IDF do dir liéu c6 sb chiéu 16n va thua
(Joachims, 1998). NB duoc st dung lam
moé hinh co sé nho ciu tric don gian va
chi phi tinh toan thap. LR cho phép thiét
1ap ranh gi6i tuyén tinh va c6 kha ning
dién giai hé sd. RF dugc dua vao nham
so sanh vdi mdt phuong phap hoc tap hop
dya trén cay (Breiman, 2001).

2.3. Nghién cwu lién quan va
khodng trong nghién ciru

Céc nghién ctru vé xir Iy hd so tuyén
dung c6 thé chia thanh ba huéng chinh:
trich xuét thong tin tir CV, phéan loai CV
theo nhom nghé va ghép ndi hd so tng
vién v6i yéu cau cong viéc. Nhitng nghién
clru gan day ciing chuyén dan tir phuong
phap dua trén dic trung truyén théng sang
mo hinh ngén ngir tién huén luyén va mo
hinh ngdn ngtr 16n.
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Gan va Mori (2022) xay dung
corpus hd so va xem viéc nhén dién cac
thanh phan cua hd so nhu mot bai toan
phan loai vin ban, dong thoi danh gia
cdc md hinh ngdn ngit tién huan luyén.
Heakl va cong su (2024) chi ra ring
quy md va chét luong bo dit lidu 1a yéu
td quan trong d6i voi phan loai hé so,
ddng thoi nhan manh cac khé khan lién
quan dén sy khong dong nhit cia CV
va quyén riéng tu. Trong mdt hudng
khac, Wang va cong su (2022) nghién
cuu sy phu hop nguoi - viéc dua trén
hd so tmg vién, thong tin tuyén dung va
lich su tuyén dung; Barrak va cong su
(2022) nhdn manh yéu ciu vé kha ning
giai thich, truy vét va cong bang trong
hé thdng goi y CV- vi tri viéc lam.

DPbi voi tiéng Viét, cac ky thuat
TF-IDF va SVM da duoc st dung trong
nhiéu bai toan phan loai van ban (Nguyén
va Pham, 2018). B6 cong cu VnCoreNLP
ctia Vu va cong su (2018) hd tro cac budc
xur 1y tiéng Viét nhu tach tir va gan nhin
ngdn ngir.

Khoang trong ma nghién ciru huéng
t6i khong nam & viée tao ra phuong phép
hoc may mdi ma & viéc xay dung va danh
gia mot quy trinh phan loai CV tiéng Viét
trong bdi canh mot s6 nhoém nghé CNTT
c6 tir vung chuyén mon chong lan.

I11. Phwong phap nghién ctru

3.1. B¢ dir liéu va gan nhdn

Bo dir liéu ban dau gdém 345 CV
nganh Coéng nghé thong tin, dugc thu
thap tir thang 4 dén thang 6 nam 2025
tir cac ngudn cong khai trén moi trudng
web, thu thap thu cong va mot s6 doanh
nghiép quy mé nhoé cung cip cho muc dich
nghién ctru. Trude khi st dung, cac thong

tin dinh danh tryuc tiép nhu ho tén, sé dién
thoai, email va dia chi duoc loai bo. Dur
liéu dugc phan thanh bén nhom nghé:
Tester 95 CV (27,54%), Web Developer
65 CV (18,84%), Backend Developer
94 CV (27,25%) va Data Analyst 91 CV
(26,38%). Dir li¢u sir dung cho mo hinh
gdm cac thong tin chuyén mén nhu ky
nang k¥ thudt, cong cu va framework,
ngdn nglt 1ap trinh, kinh nghiém, dyu an,
ching chi, k§ ning mém va ngoai ngi;
khong sir dung cac truong dinh danh truc
tiép nhu ho tén, s6 dién thoai, email va
dia chi.

CV duogc lya chon khi c6 du thong
tin chuyén mon dé xac dinh mot trong bon
nhom nghé. Nhan duogc xac dinh dua trén
vi tri nghé nghiép, kinh nghiém va nhom
k¥ nang chiém uu thé. V&i CV phu hop
nhiéu nhom, wu tién vj tri cong vi¢c chinh
hodac gﬁn nhat; néu khong xac dinh 10,
nhan dugc xac dinh theo ndi dung chuyén
mon chiém wu thé. Cac truong hop khong
thugc pham vi bon nhém nghé duoc loai
khoi tap thyuc nghiém.

Vi¢c gan nhan dugc thuc hién
badi hai nguoi dua trén cung bd tiéu chi
vé vi tri nghé nghiép, kinh nghiém va
nhém k§y nang chiém wu thé. Dbi véi cac
truong hop cd cach xac dinh nhan khac
nhau, hai ngudi ciing ra soat va thng
nhat nhin cubi cing theo quy tic gan
nhan da xac dinh.

Tru6e khi huén luyén, dir liéu dugc
ra soat tinh nhit quan ctia nhan va kiém tra
trung 1ap trén ndi dung van ban da chuén
hoa. Cac ban ghi trung hoan toan chi gitt
mot ban; cac trudng hop gan tring dugc
ra soat trudc khi loai bo. Bo dir liéu sau
lam sach dugc khoa trudc khi phan chia
va danh gia mo hinh.



3.2. Trich xudt va tién xur Iy vin bdn

Heé thdng tiép nhan vin ban nhap truc
tiép va cac t¢p PDF, Word hodc hinh anh.
Vi tép chira van ban co thé doc truc tiép,
ndi dung dugc trich Xuét tir cdu trac tai
liéu. OCR (Optical Character Recognition
- nhan dang ky tu quang hoc) chi dugc str
dung d6i vdi tép anh hodc PDF dang anh.

Quy trinh tién xtr Iy gdm chuan hoa
van ban, chuyén chit vé dang théng nhat,
xtr 1y ky tu khong c6 gia tri phan loai, tich
tir va loai bo mot s6 tir dimg. VnCoreNLP
duogc st dung hd tro xtr 1y tiéng Viét; bo
cong cu xu ly ngén nglr tu nhién (Natural
Language Toolkit - NLTK) dugc str dung
cho mét s6 thanh phén tiéng Anh.

3.3. Vector héa dir liéu bang TF-IDF

Dit liéu sau khi lam sach duoc biéu
dién dudi dang véc-to s6 theo phuong
phap TF-IDF bang cong cu TfidfVectorizer
thude thu vién scikit-learn (Pedregosa va
cong su, 2011). Ky thuat TF-IDF duogc ap
dung nham dinh lwong tAm quan trong cua
tung tir trong nglt canh toan bo tap dir licu
theo cong thuc:
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TF - IDF(t,d) = TF(t,d) * IDF(t)

Vin ban sau tién xtr Iy duoc biéu
dién bang TF-IDF sir dung TfidfVectorizer.
Céc tham sb thuc nghiém gém max
features=5000, min_df=2, max_df=0,95,
ngram_range=(1,2) va sublinear tf=True;
cic tham s6 lowercase=True, norm="12’,
use idf=True va smooth idf=True su
dung gia tri mac dinh cua scikit-learn. Ciu
hinh nay st dung unigram va bigram, loai
cac dic trung xudt hién trong dudi 2 tai
lidu hodc trén 95% s tai liéu va gidi han
t6i da 5.000 dic trung.

Quy trinh chuyén d6i mot CV moi
thanh vector dac trung TF-IDF dugc mo
ta chi tiét thuat toan 1 dudi day.

Thuit toan 1: Ky thuit ma hoa
van ban TF-IDF

Input:

D: Tap dir lidu van ban huén luyén
gém N CV thudc tap huan luyén.

d new: Vian ban can duoc chuyén
d6i - CV can phén loai

QOutput: Vector dac trung TF-IDF
da chudn hoa v_new cta van ban d_new

Begin

foreachtut € V do

end for

for each tr t € d new do
if t € V then

end if
end for

// Bude 1: Xay dung tir dién tir toan bo tap dit liéu hudn luyén
V « Tap hop tat ca cac tir duy nhat dugc trich xuat tr tap D
// Budce 2: Tinh trong so IDF cho tirng tir trong tir dién

df t « sd lugng van ban trong D ¢6 chura tur t
IDF(t) < log[(1 + N)/(1 +df t)] + 1// Lam muot Laplace, tranh chia cho 0

// Budce 3: Tinh vector TF-IDF cho van ban méi d_new

v_new « vector khdi tao kich thudc V], tit ca gia tri bang 0

TF(t,d new) « 1+ log(f(t,d new)), néu f(t,d new) >0
v_new[t] « TF(t,d new) x IDF(t)
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if norm > 0 then

V_New <«— V_new / norm
end if

return v_new
End

// Budc 4: Chuan hoa L2 dé loai bo anh huong cua do dai van ban
norm « sqrt( X v_new[i]*) /i=1—1V]|

Thuat toan 1 mo ta cach ma héa mot
CV thanh vector TF-IDF, trong khi Thuat
toan 2 mo rong qua trinh nay cho toan bo
dit liéu theo chién luoc chi khdp mé hinh
trén tap huin luyén va st dung mé hinh
da khép dé bién d6i ca tap hudn luyén va
tap kiém tra. TfidfVectorizer chi hoc tir
vung va IDF trén tap hudn luyén, sau dé
str dung ciing bo tham chiéu dé chuyén d6i
tap kiém tra, qua d6 bao dam khong gian
dic trung thong nhét va tranh ro ri dit liéu.
Dau ra 1 hai ma trin thua va dung cho
huén luyén va danh gia mo hinh.

Thuat toan 2: Vector héa van ban
TF-IDF cho tip huén luyén va kiém tra

Input:
X train: Tap dir liéu CV ding dé
huén luyén

X test: Tap dit litu CV dung dé
kiém tra

params: B tham s cdu hinh cho
TfidfVectorizer bao gdom:

max_features = 5000: gi6i han t6i
da 5.000 dac trung

ngram_range = (1,2): su dung
unigram va bigram

lowercase = True: chuyén vin ban
vé chit thuong khi vector hoa

norm = ‘12’: chuan hoa L2 trén moi
truong vector dac trung

Output:

(X_train_vec, X test vec): Cap ma
tran thua dac trung TF-IDF tuong tng véi
tap hudn luyén va tap kiém tra.

Begin

// Bude 1: Khéi tao bd vector hoa TE-IDF véi cac tham s tuy chinh

vectorizer «— TfidfVectorizer(params)

// Bude 2: Hoc tir vung va tham s6 IDF chi tir tap hudn luyén
// (fit trén X _train d€ tranh data leakage tir X _test)

fit(vectorizer, X _train)

// Budc 3: Chuyén dbi ca hai tap sang khong gian dic trung TF-IDF
/ dung cung b tir vung va tham s6 IDF di hoc & Budc 2
X train_vec «— transform(vectorizer, X _train)
X test vec «— transform(vectorizer, X test)
// Bude 4: Kiém tra tinh nhat quan chiéu khong gian dic trung
num_features_train «— count_columns(X _train_vec)
num_features test «— count columns(X test vec)
if num_features train = num_features_test then

// Hai tap c6 cung s6 chiéu ddc trung — dit liéu hop 18

return (X_train_vec, X_test vec)
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else

// Khong dong nhét s6 chiéu — bao 16i, dirng quy trinh
raise Error(“Khong dong nhat sé chiéu giita tap huin luyén va tap kiém tra”)

end if
End

3.4. Xay dung hé thong hé tro phin
logi CV

Bén canh viéc vector hoa dir liéu,
nghién ctru xdy dung mot ludng xir 1y
toan dién nham tu dong tiép nhan va phan
loai CV. Hé thng duoc thiét ké theo kién
truc ba t.;?lng tach biét: Giao di¢n nguoi

dung (Frontend), Giao dién lap trinh ung
dung phia may chu (Backend API) va Mo
hinh phan loai (Model Pipeline), ddm bao
tinh module héa va kha nang mo rong.
Kién truc tong thé va ludng xu Iy dit liéu
duge minh hoa 1an luot tai hinh 1 va hinh
2 dudi day.

. »
[ - NGUJI DUNG (USER)
GIAO DIEN NGUG1 DUNG (Frontend)
[HTML/CSS/JavaScript)
: Nhip text f:f.". Yem truc II Hidn thi kit qua
-,- evthicang | | L' ! annsrile | | BBE g agtinchy

l HTTP POST /predict
API BACKEND (Flask)

TN

ENDPOINT: /predict
® Nhin dir idu tir form (text hoge file)

o Trich xult vin bdn tir POF, DOCX, TXT, Anh (OCR)

& Gol md hinh phén loal
» Trd v kit qud dang JSON

MO HINH PHAN LOAI (Model Pipeline)

Thlin xif Iy
wiln ban
(Preprocess)

B

Vector héa
(TF-IDF)

’_,

Wit qui phiin loai
(J50N)
* Whdem nghé
« D9 tin chy
* K it cac lap

Logistic Regression
(M8 hinh a&
Tusdin i

B

Hinh 1. So db kién tric tong thé ctia hé théng phan loai CV

Tang 1- Giao dién nguwoi ditng: cho
phép nguoi dung nhép van ban CV hoac tai
1én tép, xem trudc ndi dung va nhan két qua
phan loai. Dit li¢u dau vao duoc gui dén
hé théng phia may chii théng qua phuong
thirc POST cua giao thiic truyén siéu vin
ban (Hypertext Transfer Protocol - HTTP).

Tang 2 - Backend API: tiép nhan
dir liéu tir Frontend va thuc hién trich xuét
van ban theo dinh dang t¢p dau vao. Pau
ra 1 chudi van ban thudn tiy, dugc chuyén
vao quy trinh phan loai va két qua duoc tra
vé dudi dinh dang trao dbi dir liéu JSON
(JavaScript Object Notation).

Ting 3 - M6 hinh phén logi: thuc
hién tién xir Iy vin ban, vector hoa TF-IDF
va du doan nhém nghé bang mo hinh da
huén luyén. Pau ra 1a nhin nhom nghé du
doan dé hd tro ngudi sir dung xem xét hd so.

Nhu minh hoa tai hinh 2, ludng xir
ly van hanh tuyén tinh tir budc nhap dir
liéu, trich xuét, tién xir 1y, vector hoa, du
doan dén hién thi két qua, dam bao tinh
nhit quan va minh bach trong toan bd
quéa trinh. Kién trac giao dién lap trinh
ung dung tao co sé k¥ thuat cho viéc thi
nghiém tich hop véi cac hé thong tuyén
dung trong cic nghién ctru tiép theo.
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{ (>} BAT f’AU ]

( . X Ngudi dung nhap ligu
-

(Text thu céng holc Upload file)

|% \ Frontend giri request dén API
h POST /predict (FormData)

4
4 1

(
N&u Ia text [ @ Néu 1a file
; 5 % — Trich xulit text
=% NI nguven L theo dinh dang
o Tién xir ly vin ban
(lowarcase, loai bé ky tu dit bit, tir dimg, ...)

Em Vector héa TF-IDF
[ { / {sif dung vectorizer da fit) ]

‘ GE Mé hinh SVM tuyén tinh du doén

= predicted_class

!

| - API tra vé JSON k&t qua
-, - predicted_class

)
[ EI Frontend hién thj két qua ]
| (Modal, thanh progress)
= )
[ i KET THUC 1

Hinh 2. So d6 ludng xir Iy va phan loai
CV tir dit ligu dau vao

3.5. Thiét lap quy trinh huén luyén
va danh gia

Bo dit liéu gdm 345 CV duoc phan
chia theo ty 1& 80/20, trong d6 276 mau
ding cho tap huén luyén va 69 miu dung
cho tap kiém tra. Viéc ti uu siéu tham sb
duoc thuc hién bang phuong phép tim kiém
theo ludi (Grid Search) trén tap hudn luyén.

Tap kiém tra gdm 69 CV duogc khoa va chi
sir dung mot lan cho danh gia cudi ciing.

Moi truong thuc nghiém su dung
Python 3.10.0, scikit-learn 1.3.0, NLTK
3.9.2 va thu vién NumPy 1.24.3; mo-
dun nhén dang ky tu quang hoc (OCR)
su dung pytesseract 0.3.13 va Tesseract
5.5.0.20241111. Dir li€u dugc chia theo
ty 1€ 80:20 véi random_state=42. SVM
tuyén tinh dugc tdi wu bang Grid Search
5-fold trén tap huén luyén voi C € {0,0
1;0,05;0,1;0,5;1;2;5;10;20;50}, loss €
{squared hinge, hinge} va max iter €
{2000, 3000, 5000}; c4u hinh cudi cing
st dung C=1,0.

Hiéu nang ctia mo6 hinh dugc danh
gia chu yéu bang diém F1 trung binh vi
mo (Macro-F1) va do chinh xac can béng
(Balanced Accuracy) nham phan anh dong
déu hiéu qua phén loai giita cac 16p; do
chinh x4c (Accuracy) va diém F1 ¢6 trong
s6 (Weighted-F1) duoc bao céo nhu cac
chi s6 bd sung.

IV. Két qua va thio ludn

4.1. Két qud trén tdp kiém tra dgc lgp

Trén tap kiém tra doc 1ap gdom 69
CV, SVM tuyén tinh dat két qua nhu trinh
bay tai Bang 1.

Béng 1. Két qua phan loai cia mo hinh Linear SVM trén tap kiém tra

Nhom ngh D§ chinh xic | D¢ bao phu | Diém Sf)
(Precision) (Recall) F1 | mau

Lap trinh vién phia may chu (Backend Developer) 0,7895 0,7895 10,7895] 19
Chuyén vién phan tich dir li¢u (Data Analyst) 1,0000 1,0000 [1,0000| 18
Chuyén vién Kiém thir (Tester) 0,9500 1,0000  10,9744| 19
Lap trinh Web (Web Developer) 0,7500 0,6923 10,7200 13
Trung binh vi m6 (Macro avg) 0,8724 0,8704 10,8710 69
Trung binh ¢6 trong s6 (Weighted avg) 0,8812 0,8841 [0,8822| 69

D6 chinh xéc tong thé (Accuracy) =
0,8841 (88,41%)

Piém Fl trung binh vi mo
(Macro-F1) = 0,8710 (87,10%)

Nguon: Két qua thiee nghiém ciia nhom tdc gid
Diém F1 c6 trong sb (Weighted-F1)
=0,8822 (88,22%)
Do chinh xac cén bang (Balanced
Accuracy) = 0,8704 (87,04%)



Trén tap kiém tra doc 1ap gdom 69
CV, Linear SVM dat Accuracy 88,41%,
Macro-F1 87,10%, Balanced Accuracy
87,04% va Weighted-F1 88,22%. Két
qua theo timg 16p cho thdy Data Analyst
dat F1-score 1,0000 va Tester dat 0,9744,
trong khi Backend Developer dat 0,7895
va Web Developer thap nhat vai 0,7200.
bac biét, recall cia Web Developer chi dat
0,6923, cho thay ddy la nhom kho nhén
dién nhat trong tap kiém tra.

Phan tich ma trdn nhdm 1an cho
thdy sai s6 chu yéu tap trung giita Web
Developer va Backend Developer: 4 CV
Web duoc du doan thanh Backend, 3 CV
Backend dugc du doan thanh Webva 1 CV
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Backend duogc du doan thanh Tester. Mac
du d6 bao phu cua Tester dat 1,0000, do
chinh xac chi dat 0,9500 do c6 mot truong
hop Backend bi du doan thanh Tester; vi
vy khong nén dién giai két qua cua 16p
Tester 1a “chinh xéc tuyét d6i”.

4.2. Két qud kiém tra chéo

Pé danh gia kha nang khai quat va
han ché su phu thudc vao mot lan chia
dir liéu, nghién ctru su dung Stratified
10-Fold Cross-Validation. Macro-F1 va
Balanced Accuracy dugc st dung lam
do do chinh; Weighted-F1 va Accuracy
dugc bo cao bo sung. Két qua dugc trinh
bay dudi dang trung binh + d6 1éch chuan
qua 10 fold.

Bang 2. Két qua Stratified 10-Fold Cross-Validation ctia cac mé hinh

biem F1 | Do fhlnP Xic| s Bl P chinh Ifhoang tlfl
Mo hinh trung can bang co trong sb | xdc tong thé | N 95% cua
binh vimo | (Balanced | (vl te‘fi_Fl) ( Accuric ) | Macro-F1 95%
(Macro-F1)| Accuracy) g Y| 1 Macro-F 1)
May véc-to ho tro 0,8433 0,8448 0,8560 0,8603 )
(SVM) £ 0,0580 +0,0542 +0,0538 +0,0511 [0,7996; 0,8871]
B0 phan loai Bayes don |  0,7096 0,7356 0,7410 0,7787 )
gian (Naive Bayes) +0,0865 +0,0675 +(,0864 +0,0742 (0,643, 0,7748]
Ho1 quy logistic 0,7936 0,8002 0,8120 0,8253 )
(Logistic Regression) +0,0898 +0,0774 +0,0828 +0,0738 [0.,7259;0,8613]
Rirng ngau nhién 0,8148 0,8167 0,8303 0,8369 )
(Random Forest) £ 0,0954 £ 0,0850 £ 0,0864 £ 0,0805 [0,7429; 0,8868]

Thuc té

data_analyst backend_developer

tester

web_developer
ES

backend_developer

data_analyst
Dy doén

tester

Nguon: Két quda thiee nghiém ciia nhom tdc gid

Confusion Matrix - Linear SVM

9

;
web_developer

~2.5

-0.0

Hinh 3. Ma trdn nham 13n ciia md hinh SVM trén tap kiém tra
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4.3. So sanh cac moé hinh

Két qua kiém tra chéo cho thiy SVM
dat Macro-F1 va Balanced Accuracy trung
binh cao nhat trong bon mé hinh, dong
thoi ¢6 do léch chuin Macro-F1 thép nhét.
Random Forest dimg thi hai, tiép theo Ia
Logistic Regression va Naive Bayes. Tuy
nhién, khoang tin cdy Macro-F1 ctia mot sb
mo6 hinh con chdng l4n; do d6 nghién ctru
chi két luan SVM dat hiéu nang trung binh
t6t nhdt trong thuc nghiém, chwa khing
dinh sy khac biét c6 ¥ nghia théng ké.

4.4. Han ché, khi néng tong qudt
héa va vin dé dao dirc

Nghién ctru ¢6 mot s6 han ché. Thir
nhat, quy mé 345 CV con nhé va chi bao
pht bén nhom nghé CNTT. Két qua vi vy
chua thé khai quat cho toan bo thi truong
tuyén dung hodc cac nhom nghé khac.

Thir hai, Web Developer va Backend
Developer ¢6 sy chong lan dang ké vé ky
nang va thudt ngit, lam ting nham I4n giita
hai 16p. Trong thuc té, mot tmg vién co
thé dong thoi phit hop voi nhidu vi tri; mo
hinh phan loai don nhan vi vay chi phan
anh mot cach don gian hoa bai toan tuyén
dung. Nghién cuu chua dinh luong muc
d6 dong thudn giira hai ngudi gan nhan,
day la mot han ché can duoc xem xét khi
mo rong bo dir ligu.

Thu ba, nghién ctru chua danh gia
dinh lugng sai s6 OCR va anh huéng cia
sai s nay dén két qua phan loai; do dé
chét lugng OCR can duoc kiém dinh doc
lap trong nghién ciru tiép theo.

Thtr tu, CV chira dir liéu ca nhan va
c6 thé chira cac thudc tinh lién quan dén
gidi tinh, tudi, truong dao tao hoac cac dac
diém khac khong can thiét cho viéc phan
loai nghé nghiép. Viéc xtr 1y dir liéu phai
tuan thu nguyén tic ti thiéu hoa dir liéu,
an danh va gi6i han quyén truy cap. Bo dir

li¢u chi nén dugc cong bd hodc chia sé &
dang da loai bo thong tin nhan dang va khi
c6 co so phap ly/ddng thuan phu hop.

Thr ndm, mo6 hinh hoc may co thé
ké thira thién léch tir dit lidu lich sir. Vi
véy dau ra chi nén dugc xem 13 goi ¥ hd
tro tién sang loc. Nha tuyén dung phai giit
vai tro quyét dinh cudi cting va can c6 kha
nang xem x¢&t, stta hodc bac bé du doan
ctia hé thong.

V. Két luin va Kién nghi

Nghién ctu da xay dyng mot hé
thdng thir nghiém phén loai CV tiéng Viét
nganh CNTT két hop trich xuét vin ban,
TF-IDF va cac mé hinh hoc may. Trén
tap kiém tra 69 CV, SVM myén tinh dat
Accuracy 88,41%, macro-F1 khoang
87,10%, weighted-F1 khoang 88,22% va
balanced accuracy 87,04%. Phan tich ma
tran nham 1an cho thdy tam trudng hop
phan loai sai, tip trung chu yéu giita Web
Developer va Backend Developer.

Két qua cho thiy TF-IDF két hop
mo hinh tuyén tinh 1a mot baseline ¢
kha niang hd trg phan nhém CV trong
diéu kién bo dir liu quy md nho. Tuy
nhién, két qua nghién ctru chi phan anh
kha nang phan loai CV theo nhém nghé,
khong phai danh gia nang luyc hodc quyét
dinh tuyén dung.

Céc nghién ciru tiép theo cin méo
rong dit liéu v& quy mo, ngudn va nhom
nghé; danh gia doc lap chét lugng OCR;
thir nghiém mé hinh ngdn ngit tiéng Viét;
nghién ctru bai toan da nhan va ghép ndi
ung vién - vi tri; danh gia kha nang giai
thich va cong bang; dong thoi thyuc hién
external validation va thu nghi€ém van
hanh c6 sy giam sat cia con nguoi trudc
khi xem xét tich hop vao hé théng HRM
hoac ATS.
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APPLICATION OF MACHINE LEARNING AND TERM
FREQUENCY - INVERSE DOCUMENT FREQUENCY (TF-IDF)
TO INFORMATION TECHNOLOGY CANDIDATE CV
CLASSIFICATION FOR RECRUITMENT PRE-SCREENING

Nguyen Thi Muoi Phuong'*, Tran Thi Lua!, Tran Thi Nga!
Ly Cao Tu!, Vu Thi Duyen'

Abstract: This study develops a system for supporting the pre-screening of information
technology candidates by automatically classifying Vietnamese resumes into job categories.
The system integrates text extraction from multiple input formats, text preprocessing, TF-
IDF feature representation, and four machine-learning algorithms: Support Vector Machine,
Naive Bayes, Logistic Regression, and Random Forest. The dataset consists of 345 resumes
labeled into four categories: Web Developer, Backend Developer, Data Analyst, and Tester.
The data are stratified into training and test sets; model selection and hyperparameter tuning
are performed only on the training data, while an independent set of 69 resumes is reserved
for final evaluation. On the test set, the linear SVM achieves an accuracy of 88.41%, a
weighted F1-score of 88.22%, a macro-F1 of 87.10%, and a balanced accuracy of 87.04%.
Errors are concentrated mainly between Web Developer and Backend Developer. The results
indicate that TF-IDF combined with linear SVM can support resume classification at the
recruitment pre-screening stage. Nevertheless, the system should not veplace professional
human judgment and requires external validation on larger and more diverse datasets before
operational deployment.

Keywords: machine learning, pre-screening, resume classification, text classification, TF-IDF
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