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TAP Chi NGHEN CUU KHOA HOC, TRUGNG DAY HOC SA0

Tap chi Nghién ctru khoa hoc, Truong Dai hoc Sao D6 (P. ISSN 1859-4190, E. ISSN 2815-553X), thudng xuyén
cong bo két qua, cong trinh nghién clru khoa hoc va céng nghé ctia cic nha khoa hoc, can bd, gidng vién, nghién
ctru sinh, hoc vién cao hoc, sinh vién & trong va ngoai nudéc.

1.

10.

11.

12.

Tap chi xuat ban 01 s6/quy bang hai ngdn ngir tiéng Viét va tiéng Anh. Tap chi nhan dang cac bai bao khoa
hoc thudc cac linh vuc: Dién - Dién tir - Tw dong héa; Co khi - Dong luc; Kinh té; Tri€t hoc - Xa hoi hoc -
Chinh tri hoc; Cac linh vuc khac gdm: Cong nghé thong tin; Héa hoc - Céng nghé thuc pham; Ngon nglr
hoc; Toan hoc; Vat ly; Van hda - Nghé thuat - Thé duc thé thao...

Bai nhan dang 1a nhirng céng trinh nghién ctru khoa hoc chua céng bé trong bat ky an pham khoa hoc nao.
Toa soan chi nhan bai bdo guri online trén website http:/tapchikhcn.saodo.edu.vn. Bai bdo glri vé toa
soan dudi dang file dién tir (*.doc *.docx va *.pdf); cudi bai bao, tac gia ghi ré thong tin dia chi lién hé, s
dién thoai, email va cap nhat thong tin trén website. Bai bdo phai duoc trinh bay dang dinh dang, ro rang;
Trudng hop bai bao phai chinh stra theo thé Ié ho3c theo yéu ciu clia Phan bién thi tac gid sé cap nhat trén
website. Ngudi phan bién sé do toa soan moi. Toa soan khéng gtri lai bai néu khéng dugc dang.

Céc cong trinh thudc dé tai nghién ciru cé Co quan quan ly can kém theo gidy phép cho cong bé clia co
quan (Tén dé tai, ma s, tén chi nhiém dé tai, cap quan ly,...).

Tén bai bao trinh bay bang hai ngén ngir (ti€ng Viét va tiéng Anh), font Arial, c& chir 14, in dam, can giira.
Tén tac gia (khéng ghi hoc ham, hoc vi), font Arial, c& chir 10, in dam, can [é phai; co quan cong tac clia cac
tac gia, font Arial, c& chir 9, in nghiéng, cin [é phai.

Chir “Téom tat” in dam, font Arial, c& chir 10; Noi dung tém tat cta bai bao khéng qua 10 dong, trinh bay
bang hai ngdn nglr (ti€ng Viét va tiéng Anh), font Arial, c& chir 10, in thudng.

Chir “Tlr khéa” in dam, nghiéng, font Arial, c& chir 10; C6 tir 03+05 tlir khéa, font Arial, c& chir 10, in
nghiéng, ngin cach nhau béi dau cham phay, cudi cung 1a ddu cham.

No6i dung bai bao viét bang tiéng Viét hodc tiéng Anh; Néu 13 bai bao viét bang tiéng Viét: Tiéu dé tiéng
Viét trudc, tiéng Anh sau; Tom tat tiéng Viét trudc, tiéng Anh sau; Tor khda tiéng Viét trudce, tiéng Anh sau;
Né&u |3 bai bao viét bang ti€ng Anh: Tiéu dé tiéng Anh trudc, tiéng Viét sau; Tém tat tiéng Anh truéc, tiéng
Viét sau; Tir khoa tiéng Anh trudc, tiéng Viét sau.

Bai bdo dugc danh may trén khé gidy A4 (21 x 29,7cm) c6 dé dai khdng qua 8 trang, font Arial, c& chir 10,
gian dong At least 12pt, Before 3pt, After 3pt; cin [é trén 2.5cm, dudi 2.5cm, trai 3cm, phai 2cm; hinh vé
phai ré rang, du nét va duoc dinh dang dudi dang file anh (*.jpg); Phuong trinh, cong thirc phai soan thao
bang Mathtype hodc Equation; Phan noi dung bai bao duoc chia thanh 02 cot, khoang cach cot 1a 1cm;
Trong trudng hop hinh vé, hinh anh cé kich thuéc 16n, bang biéu c6 dd réng |6n hodc céng thire, phuong
trinh dai thi cho phép trinh bay duéi dang 01 c6t.

Tai liéu tham khao duoc sip xép theo thir tu tai liéu dugc trich dan trong bai bao.

- Néu la sach/luan an: Tén tac gia (ndm), Tén sach/luan an/luan van, Nha xuat ban/Truong/Vién, [an xuat
ban/tai ban.

- Néu |3 bai bao/bao cao khoa hoc: Tén tac gia (ndm), Tén bai bao/bao cao, Tap chi/Hoi nghi/Hoi thao, Tap/
Ky yéu, s6, trang.

- Néu 13 trang web: Phai trich din day du tén website va dudng link, ngay cap nhat.

Pinhdang maubaibao thamkhaotaidiachihttp:/tapchikhcn.saodo.edu.vn/news/detail/198/format_paper
Bai bao sau khi xuat ban sé dugc cong b trén http:/tapchikhcn.saodo.edu.vn.
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NGANH CONG NGHE THONG TIN

Phan I&p ngwoi dung tiém néng cta hé thong
hoc trwc tuyén vuihoc

Classify potential users of online learning system vuihoc

Hoang Thi Ngoc Diép", Tran Duy Khanh', Pham Huy Hoang? Tran Dinh Khang?
*Email cta tac gid lién hé: hoangdiepdtth@gmail.com

"Trwong Dai hoc Sao Do

?Pai hoc Bach khoa Ha Noi

Ngay nhan bai: 22/5/2023

Ngay nhan bai stra sau phan bién: 02/3/2023
Ngay chap nhan dang: 30/6/2023

Tém tat

Hé théng phan I&p ngudi dung tiém nang cla trang hoc trwc tuyén Vuihoc cé nhiém vu phan tich to di liéu cla
ngudi hoc trong qué khir dé dwa ra dw doan nhirng ngwdi dung nao c6 kha nang sé mua khéa hoc ké tiép trong
twong lai. Van dé & day la can trich chon dwoc nhirng théng tin quan trong clia ngudi dung va mét phwong phap
phi hop d& mé hinh phan I6p dat hiéu qua. Dé giai quyét van dé nay, phuong phap hoc cé giam sat dwoc (ng
dung vao hé thdng dé gitp phan I&p va du doan tir tap ngwdi dung cla trang hoc trwc tuyén Vuihoc. Cu thé, bai
bao s dung phwong phap phan loai Support Vector Machine va ky thuat can bang di liéu SMOTE, dwa trén div
liéu vé& théng tin c& nhan ciing nhw lich st hoat ddng clia ngudi dung trén trang web (ID cGa ngudi dung, ho tén,
n&m sinh, tbng tién da mua khoa hoc, sé lwong khéa hoc da mua, thdi gian twong tac véi hé thdng théng qua
chtrc ndng 6n luyén va lam bai kiém tra,diém on tap va kiém tra...), chia ho thanh hai I&p: Lép nhitng ngwdi ding
khéng mua khoa tiép theo va I16p ngwdi diing mua khéa hoc tiép theo.

Tir khéa: Phuong phap phén loai Support Vector Machine; ky thuat céan bang dir liéu SMOTE; hé théng phan
16p; hoc co giam sat.

Abstract

The potential user classification system of the Vuihoc online learning site has the task of analyzing data from
past learners to predict which users are likely to buy the next course in the future. The problem here is to
extract important user information and a suitable method for the classification model to be effective. To solve this
problem, the supervised learning method is applied to the system to help classify and predict from the user set
of the Vuihoc online learning site. Specifically, the paper uses the Support Vector Machine classification method
and the SMOTE data balancing technique, based on data about personal information as well as the user’s activity
history on the website, dividing them into two classes: The class of users who do not purchase the next course
and the class of users who buy the next course.

Keywords: Classification method Support Vector Machine; data balancing technique SMOTE; classification
system; Supervised learning.

1. DAT VAN BE trinh hoc tap, qua trinh twong tac cta tirng ngudi hoc.
N T céac dir liéu do, cé thé trich rat dwoc cac théng tin
V6i su phat trién clia cong nghé, cla Internet nhw hién 4 thai 46, nang Iwc, hanh vi,.... clia ngudi hoc (nhirng
nay, c6 the thay cang ngay cang co nhiéu nguoi quan  nguwi twong tac thuong xuyén hon gan day dwa vao
tam dén viéc hoc trurc tuyén boi loi ich ma né mang lai:  gigm s6 cac bai luyén tap va bai kiém tra, c6 thé nguoi
Tiet kiém thoi gian, tiet kiém chi phi, pht hop v6i moi  qung gang thich tha voi cac bai hoc), gitip dw doan vé
Itra tu9i,.... Trong thoi ky ’diCh bénh Covid-19, n,én giao 4t qua hoc tap, tro gitip nang cao hiéu qua hoc tap
duc vén,du’o’c duy tri khép n’o’i, nh& cac hé thén‘g hoc hOéC gic’ri thiéu cac khoa hQC tiép theo.
trwec tuyen. Trong cac hé thong do, lwu trir nguon dir . . L
liéu v& ndi dung cac khéa hoc, v& ngudi hoc va vé qua  Viec huan luyén mo hinh hoc may voi tap dir ligu mat
can bang thwdng lam cho mé hinh bi nghiéng vé I6p
da s6, gay ra |6i cao hon. M6t trong sb nhirng phuong
phap hiéu qua dé giai quyét van dé nay la phwong phap
Nguwoi phan bién: 1. GS.TSKH. Than Ngoc Hoan lay lai mau (resampling): Phuwong phap Oversampling
2. TS. Nguyén Phuc Hau (lAy vwot mau) 1a lya chon tét khi bai toan khéng co

Tap chi Nghién ctru khoa hoc, Truomg Dai hoc Sao Do, S6 2 (81) 2023 29
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lwong di liéu thwe sy I&n. Nhuoc diém cla phuwong
phéap nay la viéc sao chép chinh xac nhitng phan t
clia I6p thiéu sb cé thé gay ra “overfitting” (md hinh
qua khép voi dir liéu huén luyén, gay viéc dw doan
nham, chat lwong mé hinh khong tét véi div liéu test).
DPdng thoi, cach nay ciing lam cho sb lwong mau div
liéu cho huén luyén tang 1én, 1am tang thdi gian huan
luyén [1]. Phwong phap Undersampling (I4y gidm mau)
I6p da sb s& duwoc |y lai mau bang cach gidm bot
nhirng mau bén trong n6 dé can bang voi Iop thiéu
sb. Phwong phap nay tét khi lwong di liéu 1a qua 1on.
Tuy nhién, cé thé khi gidm mau sé& 1am mat nhirng théng
tin quan trong cla tap div liéu, gay ra "underfitting" (mo6
hinh qua don gian, khong mo ta dwgc xu hwéng cla
dir liéu) [2]. May vector hd tro (SVM - Support Vector
Machine hay Support-Vector Networks [4]) xdy dwng
cho mét tap hop cac phuwong phap hoc cé giam sat lién
quan dén nhau dé phan loai va phan tich héi quy. Véi
bai toan phan loai 2 I&p SMV tim mét siéu phang dé
phan tac cac diém di liéu. Siéu phang sé chia khong
gian thanh cac mién khac nhau va méi mién sé chia
mot loai di liéu. Trweng hop phan tach tuyén tinh thi
dung siéu phang phan tach cé 1& 16n nhét [5]. Trwong
hop phan tach khéng tuyén tinh dung phwong phap
kernel trick [6]. Trong qua trinh huén luyén cé thé can
nhéc viéc st dung k¥ thuat SMOTE [3] dé can bang dir
liéu gitra hai I&p. Cac cong trinh nghién ctru trén déu
chi rd cac wu nhwoc diém cla tirng phwong phap. Viéc
két hop cac phwong phap 14y mau va phan loai mau c6
st dung SMC va ky thuat SMOTE da chon dwgc mo
hinh phan I&p phu hop, lwu lai mé hinh d6 dé phuc vu
cho buéc dy doan tiép theo.

Noi dung bai bao nay dé cap dén viéc khai pha di
liéu vé théng tin ngudi ding, div liéu vé hanh vi cla
ngwdi dung twong tac véi hé théng hoc tryc tuyén dé
phan loai nhém ngudi ding tiém nang co thé sé mua

CSDL Trich rut di liéu

Huén luyén

banh gia
mo hinh
Chuwa phu hop

tiép khda hoc giup cho doanh nghiép cé chién luvgc
marketing, cham séc khach hang hiéu qua. T do,
dua hé théng hoc truc tuyén phat trién hon, khéng chi
trong cung cép nhirng khda hoc chét lwgng, ma con la
dich vu than thién véi ngwdi hoc, gop phan tdng doanh
thu cho doanh nghiép. D liéu thtr nghiém trong bai bao
nay lay t trang hoc trwc tuyén VUIHOC 1a mét trang
hoc m&i hoat déng tlr dadu ndm 2019, nhung sau gan
moét nam da co trén 15,000 ngwdi hoc, véi trung binh
khodng 2,000 hoc vién s dung hé thbng méi ngay [7].

Bai b&o dworc trinh bay trong ndm phéan, & phan 2 trinh
bay chung vé bai toan phan 16p ngudi hoc trong hé
thdng hoc trwc tuyén, trong phan 3 trinh bay cac ky
thuat giai quyét bai toan, phan 4 trinh bay thuc nghiém
v&i cac div liéu tov hé thdng hoc truc tuyén VUIHOC,
phan 5 néu két luan.

2. BAI TOAN PHAN LOP NGU'O1 HOC TRONG
HE THONG HOC TRUC TUYEN

Bai toan phan I&p nhém nguwdi dung tiém nang mua
khéa hoc tiép theo ctia hé théng hoc trwc tuyén 1a viéc
xay dwng mé hinh phan tich, huan luyén tw di liéu vé
théng tin c& nhan, hanh vi twong tac nguwdi dung trang
web va lich st mua khoéa hoc dé phan 16p, dw doan
khach hang tiém nang c6 thé mua khoa hoc tiép theo
clia trang web.

Cac van dé can giai quyét:
Nhap di liéu cia hé théng hoc tryc tuyén.

Trich rat di liéu ra bang di liéu, st dung cho bai toan
phan l&p.

Tién hanh huén luyén dé tao ra mé hinh phan 16p.

Dy doan cho tap di¥ liéu khach hang tiém nang trong
twong lai.

D liu
nguoi dung

M6 hinh
phan l6p

Dy doan

V

Két qua
phan Iop

Hinh 1. M6 hinh téng quét bai toédn phén I6p nguoi dung tiém ndng cho hé théng hoc truc tuyén
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3. PHUONG PHAP
3.1. Trich rat div liéu tir hé théng hoc trwe tuyén

Co s& dir lieu ciia mot hé thdng hoc trwe tuyén gom rat
nhiéu bang, trong bai toan nay sé quan tam dén cac
bang di liéu vé théng tin ca nhan cling nhw vé hanh
vi, hoat déng twong tac ctia nguoi hoc trén hé thdng.
Vi du, & hé théng VUIHOC c6 cac bang:

Bang “core_user’: Bang di¥ liéu cé nhirng thong tin co
ban vé ngwdi dung (hoc sinh).

Bang “core_user_profile”: Thong tin chi tiét vé nguoi
dung la hoc sinh.

Bang “bus_order’: Thong tin vé khéa hoc ma phu
huynh mua cho con.

Bang “bus_order _detail’: Thong tin chi tiét (ng voi
trng don hang mua khoéa hoc.

Bang “core_log_activity beta”: Bang vé cac hanh vi
cla ngudi dung trén hé thdng.

Bang “Ims_course_modules’: Bang vé cac cau hdi, bai
tap va bai kiém tra cta tirng khoa hoc.

" core_user profile v " core_user v
id INT(11) id INT(11)
user_id INT(1) > sso_type VARCHAR(32)

2 bithday DATE 2 550_id VARCHAR(32)

> full_name VARCHAR (255) > user_name VARCHAR{100)

> first_name VARCHAR(255) > full_name VARCHAR(255)

NGANH CONG NGHE THO

G TIN

Bang “Ims_revise_result’: Bang vé két qua lam cac cau
hai trén hé thng.

Bang “Ims_practice_result’: Bang vé két qua cla cac
bai kiém tra trén hé théng.

Hinh 2 1a biéu d6 lién két gitra cac bang:

Tiép theo 1a “Trich rut di liéu”, ta s& x{ ly, trich rat d
liéu dé 14y ra Bang d liéu phuc vu cho bai toan phan
|&p. Cu thé tir di¥ liéu c6 trong nhirng bang trén, ta can
ndi cac bang véi nhau théong qua cac khéa bang cac
truy van SQL, tir d6 sé 4y ra dwoc cac thudc tinh hay
dac trung rng voi tirng ngurdi dung. Khi dé ta sé duoc
bang dac trwng gém cac cot, mdi cot sé 1a mot dic
trwng clia nguwdi dung. Sau do, ta sé tién x& ly div liéu
nhuw chuan héa hoéc thay thé cac gia tri bi thiéu cling
nhw loai bé nhirng diém ngoai lai. Do tap di¥ liéu chua
c6 nhan nén ta sé tién hanh gan dbi véi di liéu trong
qué khtr. S& c6 hai nhan, nhén ng v&i nhirng ngudi
dung khéng mua khéa hoc tiép theo va nhan ng véi
nhi*ng ngudi dung mua khéa hoc sau dé. Cubi ciing ta
sé thu dwoc mot Bang dir liéu gébm cac dac trung va
nhan (rng véi tivng ngudi dung dé s dung cho viéc
huén luyén.

"] core_log_activity beta ¥

5 user_id VARCHAR(255)
5 user_name VARCHAR(255)

> middle_name VARCHAR({255) > password VARCHAR(32)
2 last_name VARCHAR(255)

> avatar_ui VARCHAR(2565)

> email VARGHAR(100)
> account_type INT(11)

> image_id VARGHAR(20)
> avatar_base64 VARCHAR(255)

> mobile VARCHAR(20)
> nedu_id VARCHAR(20)

> mobile VARGHAR(255)
> mobile_2 VARCHAR(255)

> tinh,_id INT(11)
> huyen_id INT(11)

> user_ip VARCHAR(255)

5 user_agent VARCHAR(255)
5 url VARCHAR(255)

> data VARCHAR(255)

1< <> medule VARCHAR(255)
> controller VARCHAR(255)
2 comoller_type VARCHAR(255)

> email VARCHAR(255)
> address VARCHAR(255)

2 xa_id INT(11)

> address VARCHAR(255)
> address_2 VARGHAR(255)
> note TEXT

> truong_id VARCHAR(20)
> khoi_id VARCHAR(20)

> data LONGTEXT

>
>
1
"] Ims_practice_result ¥ [
id INT(11) -;
2 site_id INT(11) L
A

5 user_id INT(11) ] Ims_revise_result

id INT(11)
> site_id INT(11)

2 practice_id INT(11)

> course_id INT(11) "] Ims_course_modules v
id INT(11)

2 course_id INT(11)

> module_id INT(11)

2 bai_lam LONGTEXT > user_id INT(11)

> ket_qua LONGTEXT > course_id INT(11)

> others TEXT > revise_id INT(L1)

> insiance VARCHAR(20)
> question_id INT(11)

> section VARCHAR(20)

>is_comect TINYINT(1)
> status TINVINT(1)
> diem_thi DOUBLE

> bai_lam LONGTEXT

> store_id INT(11) et_qua LONGTEXT

2 total_comect_question INT(11) PP— ——— — —ji © visible TINYINT(1) H————

> athers TEXT
> completion_condition VARCHAR(255)

> display_order TINYINT(4)

2 total_wrong_question INT(11) > is_comect TINYINT(1)
> total_question INT(11) >create_date DATETIME

> create_date DATETIME
> update_date DATETIME

> update_date DATETIME

> remain_time INT(11)

> create_user INT(L1)
> create_user INT(11)
> > update_user INT(11)
> update_user INT(11)

 core_user_id INT(11)

v

@ Ims_course_modules_id INT(11)

>

3 action VARCHAR(255)
2 method VARCHAR(255)
3 description VARCHAR(255)
2 status_code VARCHAR(255)
3 executed_duration VARCHAR(255)
2 create_date VARCHAR(255)
»>
] bus_order v
id INT(11)
] bus_order_detail v
5 site_id INT(11)
id INT(11)
2 discount INT(11)
2 site_id INT(11)
5 creator_user_id INT(11)
5 order_id INT(11)
2 order_status INT(11)
2 product_id INT(11)
> deleted TINYINT(1)
5 discount INT(11)
2 create_date DATETIME
2 gty INT(11)
> update_date DATETIME
5 price INT(11)
2 create _user INT(11)
2 total_price INT(11)
> update_user INT(11)
> activate_code VARCHAR(255)
2 phone VARCHAR(S0)
2 create_date DATETIME
> other_phone_1 VARCHAR(255)
> update_date DATETIME
2 other_phone_2 VARCHAR(255)
2 create_user INT(11)
> email VARCHAR (50)
» update_user INT(11)
2 user_id INT(11) Pt )
2 eombo_id INT(11)
5 user_name VARCHAR(255)
2 city_id VARCHAR(20) »
>

Hinh 2. So dé thuc thé - lién két tir hé théng VUIHOC

3.2. Huan luyén mé hinh phan I&p

Trong budc nay, ta sé tién hanh huan luyén tir Bang di
liéu lay dwoc trwde d6 st dung phwong phap Support
Vector Machine (SVM). Trong qué trinh huén luyén cé
thé can nhéc viéc s& dung kj thuat SMOTE dé can
bang dir liéu gitra hai I&p. Cac tham sb cla phuwong
phap SVM, cling nhw ty & chon dé can bang di liéu
badng SMOTE cé thé dwoc diéu chinh bdng cach téi
wu hda hiéu néng trén moét tap con cla tap huan luyén
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(validation set). Khi da chon dwgc md hinh phan I6p
phu hop, lwu lai mé hinh d6 dé& phuc vu cho buéc dw
doan tiép theo.

Tap dir liéu mét can bang khi ma sy chénh léch gitra
s6 phan tlr cla cac 1&p 1a khac nhau rd rét. Viec mét
can béng gitra cac 1&p dir liéu 1a mot van dé kha phd
bién clia cac bai toan phan loai trong hoc may, dac biét
la cac bai toan thuc t& nhw: Chan doan y khoa, phat
hién gian lan... Béi v&i bai toan cé 2 16p, 16p thiéu sb
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(minority class) sé |a 1&p c6 it phan t& hon va I&ép da sb
(majority class) sé& |a I&p c6 nhiéu phan t& hon.

Viéc huan luyén mé hinh hoc may véi tap dir liéu méat
can bang thwong lam cho md hinh bj nghiéng vé 16p
da sb, gay ra |16i cao hon. M6t trong sb nhirng phwong
phap hiéu qua dé giadi quyét van dé& nay 1a phuong
phép lay lai mau (resampling):

Oversampling - 14y vwot mau: Lép thiéu sbé sé dwoc
thém cac phan t&r méi bang cach sao chép nhirng phan
tlr bén trong no. Bay la mét trong nhirtng phwong phap
duoc cong bbé sém nhat va dwoc chirng minh 1a manh
mé [1]. Phuong phap la lwa chon tét khi bai toan khéng
c6 lwong div liéu thue sy Ién. Nhwoc diém clia phuong
phéap nay la viéc sao chép chinh xac nhitng phan t
clia l&p thiéu sb c6 thé gay ra “overfitting” (mé hinh qua
khép voi div liéu huén luyén, gay viéc dw doan nham,
chat lwgng mé hinh khong tét véi di liéu test). Ddng
thoi, cach nay ciing lam cho sé lwong mau di liéu cho
huén luyén tang 1én, lam téng thoi gian huén luyén.

Undersampling - l4y gidam mau: Lép da sb sé duoc lay
lai mau béng cach gidm bét nhivng mau bén trong né
dé can bang véi lop thiéu s6. Phuong phap nay tét khi
lwong di¥ liéu 1a qua I&n. Tuy nhién, cé thé khi gidm
mau sé lam mét nhirng théng tin quan trong cuia tap div
liéu, gay ra “underfitting” (mo hinh qua don gién, khéng
mo ta dwoc xu hwdng clia dir liéu [2].

Mét trong cac k§ thuat phat trién tir Oversampling 1a
Synthetic Minority Oversampling Technique (SMOTE).
SMOTE sé& st dung gidi thuat hang xém gan nhét
(nearest neighbors) dé tao nhirtng mau dir liéu mé&i cho
mo hinh huén luyén. Ky thuat SMOTE sé tao di¥ liéu
m&i bang cach két hop cac déc trwng cta diém div liéu
cta l&p thiéu sb voi cac hang xém cla né trong 16p
nay. Céch tiép can nay giup mau di liéu cta I&p thiéu
sb tbng quat hon.

Lop thidu s =]
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Hinh 3. Cac diém di liéu duoc tao béi SMOTE

May vector hd tro (SVM - Support Vector Machine
hay Support-Vector Networks [4]) la mdt khai niém

trong théng ké va khoa hoc may tinh do Vapnik va
Chervonenkis xay dwng cho mét tap hop cac phwong
phap hoc c6 giam sét lién quan dén nhau dé phan loai
va phan tich héi quy. SVM dang chuan nhan di liéu
vao va phan loai chdng vao hai I&¢p khac nhau. Do do,
SVM la mét thuat toan phan loai nhi phan. V&i mét tap
huén luyén thudc hai Iép cho truwdc, thuat toan huan
luyén SVM xay dwng mét md hinh dé phan loai cac
mau khac vao hai lép d6. Mét mé hinh SVM la mét
cach biéu dién cac diém trong khong gian va lwa chon
ranh gi&i gitra hai I&p sao cho khoang cach tir cac mau
huén luyén t&i ranh gidi la xa nhat c6 thé. Cac mau
m&i cling dwoc biéu dién trong cling mét khong gian
va dwoc thuat toan dy doan thuéc mét trong hai lép tay
vao mau dé nam & phia nao cua ranh gidi.

Y twdng ctia SVM la tim mét siéu phang (hyper lane)
dé phan tach cac diém di liéu. Siéu phang nay sé chia
khong gian thanh cac mién khac nhau va méi mién sé
chira mét loai di¥ liéu. Siéu phéng dwoc biéu dién bang
ham sb w'x = b. Nhuwng van dé 1a cé rat nhiéu siéu
phéng, chung ta phai chon cai nao tdi wu nhat. Ching
ta cdn mot dworng phan chia sao cho khodng céch tw
diém gan nhéat ctia méi 16p téi dwdng phan chia (hay
con goi la 1& - margin) nhw nhau va khodng cach dé la
I&n nhét. Viéc margin rong hon sé mang lai hiéu rng
phan 16p tét hon vi sy phan chia gitra hai I&p 14 rach
roi hon. Cu thé, ching ta gid st phai phan loai tap div
liéu cac lop dwong (mau xanh) nhén la 1 va cac dir
liéu I6p am (mau dd) 1a -1. Siéu phang phan tach gitra
hai |&p tao ra hai nira khong gian di liéu. Khéng gian
cac di¥ liéu lop am théa man va khong gian di liéu 16p
dwong théa man .

Tiép theo, ta chon hai siéu phang 1& H,: w'x + b = -1
di qua diém thudc 1op am, H,: w'x + b = 1 di qua diém
thudc Iop dwong va deu song song véi H. Khoang
cach tv H, dén H la d_vatlr H, dén H_ la d+. Margin
s& lam =d + d,. Siéu phang tbi wu ma ching ta can
chon la siéu phang phan tach co I& I&n nhét [5].

Khoang cach tr mot diém x, nam trén H, dén siéu
phang H, la:

d_ = = (1)
llwll llwll

Khoang cach tir mot diém X, nam trén H, dén siéu

phang H, la:

|Wij + b| 1
L = - )

llwll llwll

Trong do:

|lw|| 1a d6 dai clia vector w: |[w|| = /W + w2 + - + w2.
T d6 ta co thé tinh dwoc mic 1é.

2
m:d_+d+:m (3)

Vi vay, ma cac diém nam trén hai siéu phang H, va H,
la cac Support Vector.
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Vay viéc huén luyén trong SVM twong duwong véi gidi
quyét bai toan cuc tidu coé rang budc sau day:

Cuc tiéu hoa:

lwl|

. (4)
V&i diéu kién:
yiwlx+b)=>1,vVi=1..n (5)

Viéc xac dinh siéu phang H, duoc gia sir trong diéu
kién ly twéng tap di liéu co thé phan tach tuyén tinh,
tim duoc hai siéu phang Ié H, va H, ma khong c6 diém
d liéu nao nam gilra chung. Vay trong trweong hop tap
di liéu c6 nhiéu diém gay nhiéu, cac diém nay khong
théa man diéu kién (5), bai toan khoéng tim duoc loi
giai. Bbi v&i cac trwong nay, chung ta can néi 1dng céac
diéu kién |& bang viéc sir dung cac bién . Bai toan trong
trwo'ng hop nay tré thanh:

Cwec tiéu hoa:

|IW|I lwll . z )

Véi diéu klen.

{Yi(WTx+b) >1—¢,Vi=1.n
€=20Vvi=1..n

Trong trwéng hop phan tach khéng tuyén tinh, SVM
dwa trén cac ham nhan dé anh xa cac diém di liéu
sang moét khong gian khac (thuwdng cé sb chiéu lén
hon). Trong khéng gian m&i bang cach ap dung mot
ham anh xa phi tuyén ¢:

0:X->F
x - (%) (8)

Cac diém dir liéu sé& kha tach tuyén tinh hodc tim dwoc
mat phan tach véi it 16i hon so véi khdng gian ban
dau. Nhung tré ngai 1a trong khéng gian nay, do sb
chiéu cta di liéu tang I&n rat nhiéu so v&i khdng gian
ban dau lam cho chi phi tinh toan vo cung tén kém.
Vi vay, trong SVM ngudi ta tim ra cach khéng can
phai tinh tryc tiép ham $(), ma ta chi can tinh tich
vd hwéng cla hai vector bat ky trong khéng gian maéi:
k(x,z) = q)(X)Tq)(Z). Phuwong phap nay goi la kernel
trick [6]. Cac ham nhén thwong dung: Polynomial,
Gaussian RBF, Sigmoidal.

(7)

SVM duwoc xay dwng cho bai toan phan loai 2 16p,
khi ap dung vao bai todn phéan I&p nhém ngwdi dung
tiém ndng mua khoéa hoc tiép theo cia hé théng
Vuihoc, thye hién huén luyén trén tap di liéu vé thong
tin va hanh vi cla ngwdi hoc trén hé théng hoc truc
tuyén nay.

3.3. Dy doan khach hang tiém nang

Cudi cung 1a pha “Dy doan”, sau khi huén luyén véi
céac tham sb, hé thdng sé lwu mé hinh hoc (Ia md hinh
phan I&p phu hgp dwoc chon sau khi danh gia) va co

NGANH CONG NGHE THONG TIN

thé dwa ra dy doan ddi véi mot tap kiém tra doc 1ap voi
tap huan luyén. D liéu ngudi dung véi nhirng thong
sb rng v&i cac déc trwng & trén khi di qua mé hinh da
duwoc huan luyén & budc trwdc dé sé cho két qua phan
I&p nguwdi dung d6 thude I&p nao: Lép ngwoi dung cé
tiém nang mua khoa hoc tiép theo hoadc 16p nguwdi dung
khong c6 tiém ndng mua khoéa hoc tiép theo.

Sau khi thu dwgc mé hinh hoc, ta sé ap dung voi div
liéu ngwdi dung ma khéng trung véi di liéu da huén
luyén & buwdc trwde d6. D liéu ngwoi dung sé co cac
d&c trwng gibng véi div liéu huan luyén. D liéu cho
viéc dw doan co thé lay ra twong tw nhw viéc lay bang

di liéu & bwdc “Trich rat div liéu” nhwng sé khong danh
nhan cho nhirng ngwoi dung trong di¥ liéu nay.

Sau do cac di¥ liéu ctia khach hang sé dwoc dwa qua
mé hinh da dwoc huén luyén véi phwong phap SVM
dwdi dang céac vector dac trwng, cung v&i cac Support
Vectors Iwu trong md hinh, nhan clta di liéu nguoi
duing nay sé dwoc tinh ra. Do chi can thay mau di liéu
vao phuong trinh siéu phang va kiém tra xem I&n hon
0 hay nhé hon 0 thi ta s& c6 két qua nhan nén viéc dy
doan ctia SVM la kha nhanh. V&i bai toan phan Iép
nhém ngwdi dung tiém ndng mua khoéa hoc tiép theo
ctia hé théng hoc truc tuyén VUIHOC, két qua dir liéu
dy doan sé la mét trong hai nhan twong ng v&i hai
I&p: “Ngwdi dung cé mua tiép khéa hoc khac” hodc
“Nguwoi dung khdng mua tiép khoa hoc khac”.

Khi ¢ danh sach nhirng ngudi dung cé tiém ndng mua
khoa hoc tiép theo, ching ta c6 thé kiém ching hiéu
qua cGia md hinh phan I&p nhém nguwoi dung tiém nang
nay bang cach xem thuc su cé bao nhiéu nguoi trong
danh sach dy doan nay c6 mua tiép khéa hoc sau. Néu
két qua ctia md hinh nay tbt, thi c6 thé st dung trong
hoat déng kinh doanh.

4. THUC NGHIEM
4.1. Di¥ liéu thwc nghiém

Heé thdng hoc trwc tuyén Vuihoc méi hoat dong tir dau
nam 2019, nén trong phan tht nghiém di liéu huan
luyén bang di liéu rng véi mée thoi gian: 2019-08-01
va di¥ lieu cho viéc dy doan véi mée thoi gian: 2019-
10-01. Chung t6i sé t,hCP nghiém véi T, la khoang thoi
gian 6 thang trwé'c moc thoi gian t, va T, la khoang thoi
gian trong vong 1 thang sau moc thoi gian t. Cac bang
nay dwoc trich rat tlr co s& di liéu vé ngwdi dung va
céac khéa hoc ctia hé théng hoc trwc tuyén Vuihoc
Bang 1. D& liéu nguoi dung véi méc thoi gian thang 8
nam 2019

Méc thoi S6 mau S6 mau S6 mau
gian dir liéu nhan 0 nhan 1
2019-08-01 6508 6407 101

T bd div liéu huén luyén, ta sé hoc ra md hinh phan
I&p nh& nhirng dac trwng clia ngwoi dung, sau do, ta
thwc hién dy doan dwa trén mdé hinh dé voi dir liéu
thang 10 nay dé dy doan xem nhirng ngudi dung nao
sé co tiém nang mua khoéa hoc tiép theo trong thang do.
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4.2. Thir nghiém va danh gia

Buéc 1: Tién hanh huén luyén véi tap div liéu nguoi
dung tai méc thoi gian thang 8 nam 2019 lay dwoc &
trén. Chang ta sé thr nghiém trén tham s smote dé
xem d6 anh huéng cla né dén két qué ctia md hinh

Buwéc 2: Tién hanh thwe hién huén luyén véi cac cap
tham sé khac nhau dé danh gia két qua. O’ day, ta quy
woc lop C, la lop nguwdi dung khdng mua khéa hoc tiép
th’eo, I&p C, la I6p nguoi dung cd mua tiép khda hoc
tiép theo.

Buwéc 3: Xem xét chung sw anh hwédng cta ti 1é can
béng smote cta ky thuat can bang di liéu SMOTE
dén mé hinh huén luyén phan I6p nay. Ta sé xét 1an
lwot véi smote = 0 (gitr nguyén bd di¥ liéu huén luyén,
khong can bang lai), va tdng dan smote dén smote =
1 (can béng hai I&p cla ti 1é bang nhau). Cac tham sb
con lai dwoc cb dinh la: C: 1.0, gamma: 0.1, kernel: rbf.

Bang 2. Gia tri cac dd do hiéu nang véi smote = 0.0
va 0.1

diém sb nay cao la do sw chénh léch cla l&ép C, hay
la 1&p ngwdi dung khdng mua tiép khoa tiép theo. Cac
diém sé Precision, Recall, F-score cua I&p C, déu rat
cao, Recall cltia I&p nay 1a 1.0 tirc la tht c& cac mau
di lieu lop C, déu dwoc dy doan nhan chinh xac.
Tuy nhién, G-mean & trudng hop nay cé gia tri bang
0.0, chirng té d6 chinh xac phan I1&p ctia mét trong hai
I6p CO hodc C, 1a béng 0 (& day la I6p C,). Dong thoi,
Recall va cac do do khac ctia I6p C, déu bang 0, nghia
la khéng cé mau di liéu nao trong I&p nay duwoc du
doan nhan dung. Gia tri AUC trong biéu dd & truwong
hop nay ciing rat thap.

Chung ta tang gia tri smote = 0.1, ltc nay ti I gilra
hai 1&6p dwoc can béng thanh 1:10. C6 thé thay, diém
sb G-mean d4 tang rd rét, cac chi sé cta Iop C, d& co
cai thién hon mét chat, mé hinh phan Iép da co thé duw
doan dwoc mot sb dir liéu cta Idp nay. Gia tri AUC &
trwdng hop nay ciing tang Ién, dwdng cong ROC cling
hwéng lén goéc trén bén, gan véi 1 hon, chirng t6 mo
hinh da dworc tét hon.

O nhirng thtr nghiém dwéi, ching ta sé& khdng xét do do
Accuracy dé tranh bi hiéu Iam v& hiéu nang ctia mé hinh.

C: 1.0, gamma: 0.1, kernel: rbf
Aver-
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C, 0.98 | 1.00 | 0.99
0.1 0.98 0.51
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Hinh 4. Biéu d6 AUC-ROC véi smote = 0.0 (tréi)
va = 0.1 (phéi)

Cu thé, v&i smote = 0, tire 1a gitk nguyén di liéu huan
luyén ban dau (ty l& khoang 1:67), khéng can bang dir
liéu hai I&p, méc du accurary ¢ diém sb cao, nhung
mo hinh phan 16p nay khéng hiéu qua. Cé thé dé thay
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Bang 3. Gia tri cac do do hiéu néng véi smote = 0.2
va 0.3
C: 1.0, gamma: 0.1, kernel: rbf
Smote | Lép G-mean Pr_em- Recall | F-score
sion
C, 0.98 0.99 0.98
0.2 0.71
C, 0.41 0.52 0.46
C, 1.00 0.97 0.98
0.3 0.78
C, 0.16 0.64 0.27
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Bang 4. Gia tri cac dé do hiéu nang voi smote = 0,4 C, cling gidm twong ddi. B6 do AUC & nhikng trdng

va 0,5
C: 1.0, gamma: 0.1, kernel: rbf
Smote | L&p | G-mean | Precision | Recall | F-score
C, 0.96 0.99 0.98
0.4 0.80
C, 0.26 0.72 0.38
C, 1.00 0.95 0.97
0.5 0.84
C, 0.18 0.78 0.30

Tiép tuc tdng smote Ién céac gia tri tv 0.2 dén 0.5, qua
biéu @& AUC-ROC va cac gia tri cac do do, ta nhan
thdy rang két qua tang 1&n kha dang ké dbéi véi phan
I6p cha nhan C, (lén dén 78% v&i smote = 0.5), ma
phan I&p nhan C, gan nhw van gitr nguyén duoc do
hiéu qua, chi c6 giam mét chut. B6 do G-mean trong
nhirtng trwdng hop nay déu tang lén khi smote tang.
Gia tri AUC ciing tang lén, mac du chi tang mét chut,
cho thay hiéu qua cia mé hinh phan I¢p dang dan
dwoc cai thién, coé thé phan I16p dwoc nhirng diém di
liéu ctia l6p C, (I6p thiéu sb).

Bang 5. Gia tri cac do do hiéu nédng véi smote = 0.6
va 0.7

C: 1.0, gamma: 0.1, kernel: rbf
Smote | Lép | G-mean | Precision | Recall | F-score
Co 1.00 0.93 0.96
0.6 0.85
C1 0.18 0.79 0.30
Co 1.00 0.93 0.96
0.7 0.88
C1 0.23 0.89 0.28
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Bang 6. Gia tri cac dé do hiéu ndng véi smote = 1.0

Smote: 1.0, C: 1.0, gamma: 0.1, kernel: rbf

Lép | G-mean Precision Recall F-score
Cco 1.00 0.90 0.95
0.90
C1 0.10 0.88 0.18

V&i cac gia tri smote tir 0.6 dén 1.0, hiéu qua phan l&p
van tiép tuc tang, tuy nhién két quéa phan 16p cla Iop
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hop nay cling cé hoi giam mot chut. Nguyén nhan la
do gia tri smote I&n, rat nhiéu cac mau di liéu trong 16p
C, dwoc tao ra, ddn dén mé hinh phéan I&p c6 thé gap
hién twong overfitting.

Nhw vay, cé thé thay viéc can bang dir liéu da thyc sw
giup cai thién két qua ctia mé hinh huén luyén. Chung
ta sé tién hanh th& nghiém dy doan trén tap mau di
liéu ngwoi dung ctia Vuihoc véi mbc thoi gian 1a thang
10. D@ liéu van lay theo bwéc “Trich rat div liéu” nhw
& trén dé lay ra cac dic trwng cla tirng di liéu nguoi
dung trwée thang 10, nhwng sé khdng thwyec hién gan
nhan cho ching. B6 di¥ liéu nay c6 9576 ban ghi twong
&ng véi 9576 ngwdi dung cla hé théng Vuihoc, cé ca
ngwoi dung cl va nhirng nguwdi dung maéi dang ki vao
hé thdng. Dau tién, ta s& chon mdt mé hinh huén luyén
phu hop dé phan I6p. Tl thir nghiém cac mé hinh
phan 16p SVM véi cac tham sb & trén, ching ta chon
mé hinh v&i smote = 0.8 la trwdng hop ¢ két qua tét
hon so v&i cac trwdng hgp khac. Thwe hién dw doan
trén bo dir liéu nay véi mé hinh huén luyén, ta duoc
két qua: Mé hinh phan I6p dw doan c6 khoang 2860
nguoi/9576 ngwdi cé tiém nang mua khéa hoc tiép
theo cta hé thdng Vuihoc trong thang 10.

Trén thuc té kiém tra, trong thang 10, c6 37 nguoi
dung cii ¢c6 mua thém khoéa hoc tiép theo. Sé luvong
ngudi mua tiép co thé hoi it vi thang 10 dang la gitra
ky hoc. Trong d6, v&i két qua du doan trén, da doan
dung dwoc 26 nguwoi trong sb 37 ngudi dung kia trong
khi chi can xét 2860 ngudi trén 9576 ngudi dung. Co6
thé thay, két qua nay chwa phai la tbt nhat nhwng cling
da nang hiéu qua I&n so véi thuce té.

5. KET LUAN

Nhom tac gia da trinh bay cac buédc phan loép ngwoi
dung tiém nang clta hé théng hoc trwc tuyén vuihoc.
Két qua chi ra rang khi két hop phwong phap SVM va
ky thuat can bang lai mau di liéu bdng SMOTE thi két
qua phan I&p ngwdi dung tiém ndng cla hé théng hoc
trwc tuyén sé hiéu qua hon nhiéu so véi thye té.
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