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Do vong ddi san phdm ngan va xu hudng bién déng nhanh, thuang
mai dién tr trong nganh thdi trang doi héi kha nang dy doan chinh
xac thdi diém va kha ndng mua lai ciia khach hang nham néang cao hiéu
qua chién lugc tiép thi ca nhan hoéa. Tuy nhién, cac nghién ctu hién nay
chl yéu tap trung vao du bao mua lap lai trong dai han va con han ché
trong viéc xem xét kha nang mua hang ngan han tir dit liéu hanh vi roi
rac. Nghién clu nay dé xuat mé hinh du doan kha nang mua lai cta
khach hang, dugc lugng hda bang xac suét trong ngan han (30 ngay),
dua trén dir liéu hanh vi rgi rac thong qua viéc két hgp cac dac trung
hanh vi khach hang (Recency-Frequency-Monetary — RFM), su da dang
danh muc san pham va céac chi s6 tuong tac trong phién truy cap. Mé
hinh dugc thuc nghiém bang hai thuit todn hoc may LightGBM va
XGBoost trén tap di liéu giao dich truc tuyén trong nganh thgi trang.
Két qua cho thdy cac moé hinh dé xuat dat hiéu nang phan loai tét vdi
chi s6 ROC-AUC xap xi 0,8830. Bong thai, nghién cliu xac dinh lan mua
hang gan day (R) va tan suat mua hang (F) la hai yéu t6 co6 tac dong
manh nh3t dén quyét dinh mua hang trong ngan han. Nhitng phat hién
nay gop phan md réng huéng nghién cltu vé du doan thai diém mua
hang va ho trg trién khai cac chién lugc téi ti€p thi hiéu qua.

Abstract

Due to short product life cycles and rapidly changing trends, e-
commerce in the fashion industry requires accurate prediction of the
timing and probability of repurchase to enhance the effectiveness of
personalized marketing strategies. However, a research gap persists as
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Personalized marketing; most studies prioritize long-term repurchase prediction, often

Repurchase probability. overlooking short-term purchase likelihood, especially when dealing
with discrete behavioral data. This study proposes a model to predict
short-term repurchase likelihood, quantified as a probability over a 30-
day period by integrating Recency-Frequency-Monetary (RFM)
features with product category diversity and session interaction
metrics. Validated using LightGBM and XGBoost algorithms on an
online fashion dataset, the proposed models achieved strong
classification  performance, vyielding an ROC-AUC score of
approximately 0.8830. Furthermore, R and F were identified as the most
influential predictors of short-term purchasing behavior. These
findings not only extend the literature on purchase timing prediction
but also enable businesses to identify high-potential customers for
implementing more effective remarketing strategies.

1. Gidi thiéu

Thi trudng thuong mai dién tu (TMDPT) dang duy tri da tang trudng manh, tré thanh mét trong
nhitng linh vuc ning dong nhit ctia nén kinh té s6. Theo béo céo cia VnEconomy (Hoang, 2025),
téng doanh thu TMDT Viét Nam trong nira dau nam 2025 dat 202.300 ty dong (tuong duong 7,96 ty
USD), tang 41,52% so vai cung ky nam trude, vuot xa mic tang tredng chung ctia nganh ban 1é.
Cung v6i d6, hon 1,9 ty san pham da dwoc tiéu thu qua cic san TMDT, phan 4nh xu huéng dich
chuyén manh mé& cta ngudi tiéu dung sang méi trudng mua sim truc tuyén.

Mic du thi truong TMDT dang ting truéng manh mé va hanh vi mua sdm truc tuyén cua ngudi
tiéu dung ngay cang da dang, nhiéu doanh nghiép van gip khé khin trong viéc xac dinh thoi diém va
nhom khach hang c¢6 kha ning mua lai, diéu nay lam suy giam hiéu quéa cac chién dich tai tiép thi
(Remarketing) va ca nhan hoa (Gomes va cong su, 2023). Ngoai ra, Heinisch va cong sy (2022) cling
chi ra rang, nhiéu doanh nghiép trién khai chién dich giri khuyén mai, thong béo trén tng dung (Push
Notification) hoac tai tiép thi theo chu ky b dinh, thay vi dya trén phan tich dir li¢u hanh vi ca nhan
va thoi diém sin sang mua. Diéu nay dan dén chi phi tai tiép thi cao nhung ty 1& chuyén dbi thap.
Theo Li va cong su (2020), viéc phan phdi quang cdo quéa sém so v6i thoi diém nhu cau phat sinh c6
thé dan dén ty 16 mua hang thip va gay lang phi ngan sach quang céo truc tuyén. Bén canh d6, nghién
curu cia Zhou va Hudin (2024) chira réng, viéc ma hoa dau thoi diém sy kién két hop mo6 hinh chu y
(Attention Mechanism) va mang no-ron c6 thé nim bét t6t hanh vi tudn tu khi dir li€u su kién theo
thoi gian dii day va lién tuc. Tuy nhién, Vallarino (2023) nhan manh rang, cac mé hinh dy doan thoi
diém (Time-to-event) thudng gip han ché khi dit lidu roi rac va khong lién tuc, khién viéc ap dung va
trién khai trong thuc tién TMDT tré nén kho khan.

Trén co sé nhing van dé va khoang tréng néu trén, nghién ctru nay hudng dén viée xay dung mo
hinh hoc may dy doan kha niang khach hang mua hang trong vong 30 ngdy t6i, nham hd trg doanh
nghiép t6i wu hoa thoi diém trién khai cac chién dich tiép thi ca nhan hoa. Viéc lya chon khung thoi
gian 30 ngay dugc xem la hop ly khi xét dén chu ky nhu ciu trong nganh thoi trang. Theo Popowska
va Sinkiewicz (2021), 17,4% nguoi tidu dung mua quan 4o nhidu hon mot 1an mdi thang va 16,3%
mua hang theo chu ky mot thang, phan anh m¢t nhom khach hang c¢6 hanh vi mua ldp lai thuong
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xuyén theo thang. Bbi canh Viét Nam ciing ghi nhan xu huéng tuong tu: bao cao tir Coc Cdc (2024)
cho thdy gan 50% ngudi tiéu dung thoi trang mua sim theo chu ky ngén, trong d6 7,4% mua hang
hang ngay, 16,3% hang tuan, va 28,5% hang thang. Mirc tan suat nay cho thdy nhu cAu mua méi dién
ra lién tuc va dic biét 6n dinh theo thang, dong thoi tring khép véi cac giai doan khuyén mai dinh ky
(nhu 8/8, 9/9, va 10/10). Do d6, viéc str dung khung thoi gian 30 ngay cho m6 hinh du bao khong chi
phit hop voi hanh vi tiéu ding chung trong nganh thoi trang ma con giup doanh nghiép trién khai
chién dich tiép thi c4 nhan hoa diing thoi diém va han ché sai 1éch trong du bdo ngin han.

Cu thé, nghién ctru hién tai dit muyc tiéu phat trién mot khung du doan kha ning mua hang trong
khung thoi gian ¢ dinh, st dung dir liéu hanh vi giao dich thuc té nhu 1in mua hang gan day
(Recency — R) - tan suat mua hang (Frequency — F) - gia tri cta giao dich (Monetary — M), da dang
danh muc, dong thoi danh gia va so sanh hiéu ning ciia cic nhom mé hinh hoc may théng qua céc chi
s6 do luong do chinh x4c va kha ning phan biét. Song song véi qua trinh xdy dung mé hinh, nghién
ctru ciing hudng dén viée phan tich cc dic trung hanh vi ¢6 anh hudéng 16n dén xac suat mua hang,
tir 46 cung cap nhimg goi ¥ hiru ich cho hoat dong c4 nhan héa trai nghiém khach hang va quan tri dir
lidu trong TMBT. Tir nhitng muc tiéu trén, két qua bai bao s& dong gop vao ba van dé chinh bao gom:
(1) b6 sung huéng nghién ctru vé dy doan hanh vi mua hang c6 yéu td thoi gian, nhan manh khia canh
thoi diém khach hang ¢ kha nang phat sinh mua lai trong khung ngén - trung han, qua d6 mé rong
khung 1y thuyét cho linh vuc du doan mua hang trong TMDT; (2) dé xuat khung tmg dung k¥ thuat
hoc may don gian, c6 thé ap dung cho dir liéu giao dich roi rac cia doanh nghiép TMDT, Kkét hop cac
bién hanh vi mua hang (Recency-Frequency-Monetary — REM), bién da dang danh muc va phan tng
khuyén mai dé du doan kha ning mua hang trong thoi gian ngén; va (3) cung cp cong cu hd tro ra
quyét dinh gitp doanh nghiép TMDT, dic biét trong nganh thoi trang tryc tuyén, xac dinh nhém
khach hang c6 kha nang mua cao trong nge“'m han, tir d6 t6i wu hoa hoat dong tai tiép thi ca nhan hoa
nham nang cao hiéu qua ty 1¢ chuyén doi.

Phan tiép theo ctia bai bao dugc cau tric nhu sau: Phan 2 trinh bay co so 1y thuyét va tong quan
c4c nghién ctru lién quan. Phan 3 mé ta phuong phap nghién ctru, quy trinh xtr 1y dir liéu, xay dung
bién dic trung va huén luyén mo hinh dy doan. Phan 4 trinh bay két qua thuc nghiém va thao luan,
ddng thoi phan tich ham ¥ quan tri. Cudi cing, Phan 5 dua ra két luan, tom tit cic dong gop chinh,
néu han ché nghién ctru va dé xuat hudng phat trién.

2. Co sé ly thuyét va tong quan nghién citu

2.1. Mé hinh RFM va cdc yéu té hanh vi khach hang trong TMDT

Theo Cheng va Chen (2009), mo hinh RFM (Recency-Frequency-Monetary) dugc gidi thidu dau
tién boi Hughes (1994), 1a mot trong nhitng cong cu phan tich hanh vi khach hang phé bién nhit,
dugc str dung rong rai trong thuong mai dién tir 4 danh gia muc do gan két va gia tri ciia khach hang.
Ba thanh phan cia mé hinh 14 RFM phan 4nh tan sudt, gia tri va mac do gan day cua giao dich, qua
d6 gitup doanh nghiép xac dinh nhém khach hang tiém nang cho céc chién dich tai tiép thi hodc duy
tri 10ng trung thanh (Wong va cong su, 2024). Trong bdi canh TMDT hién dai, mot $6 nghién ctu da
mé rong md hinh RFM truyén thong bang cach bd sung cac yéu té hanh vi khac nhu da dang danh
muc mua sim, thoi gian gitta cac 1an mua hodc phan tng v6i khuyén mai, nhim phan anh t6t hon
dong lyc mua hang ctia khach hang trong méi truong truc tuyén (Gholamveisy va cong sy, 2024; Jalal
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& Elmaghraby, 2024). Di véi nganh thoi trang truc tuyén, cac dic trung nay 1a quan trong do hanh
vi mua mang tinh chu ky va nhay cam véi xu huéng, nhu Hoang Nguyén Thu Huyén va cong su
(2023) d chi ra trong nghién ctru ciia minh. Viéc két hgp mo hinh RFM mé rong véi dir liéu hanh vi
thue té (chéng han nhu lugt xem san phém, thém gio hang, hodc tuong tac véi thu dién tir khuyén
mai) giup doanh nghiép xay dung nén tang phan tich hanh vi khach hang manh mé hon.

2.2. Ky thudt hoc may trong dy doan hanh vi mua hang

Trong bdi canh dit liéu nguoi tiéu ding ngay cang phong phu va phi cau trac, cac ky thuat hoc
may da tro thanh cong cu chu dao trong viée du doan hanh vi mua hang trén nén tang thuong mai
dién tir. Theo Segun-Falade va cong sy (2024), hoc may cho phép mé hinh hoa cac médi quan hé phi
tuyén gitra hanh vi giao dich va x4c sudt phét sinh mua hang vuot troi hon so vé6i cac phuong phap
thdng ké truyén thong. Cac mo hinh thuong duoc ap dung bao gdm hdi quy logistic, mé hinh t6 hop
cdy quyét dinh (Tree-based Ensemble) va mang no-ron nhén tao (Artificial Neural Network — ANN),
gitp du doan kha ndng mua lai dya trén cac déc trung hanh vi RFM, lich str giao dich hoac hanh vi
duyét web (Liu va cong su, 2024). Gan day, huéng hoc sau (Deep Learning) va mé hinh chudi thoi
gian (Sequence Modeling) dugc chu trong nham khai thac dic trung dong trong hanh vi ngudi ding
(Liu va cong sy, 2024). Dién hinh 1a nghién ctru ciia Zhou va Hudin (2024) da chi ra ring viéc ap
dung md hinh chudi thoi gian da trén kién trac bién d6i (Transformer-based Time-series Modeling)
két hop v6i mang no-ron dd thi (Graph Neural Network — GNN) cho phép mé hinh ndm bat mdi quan
hé giita cac san pham va sy thay ddi hanh vi theo thoi gian, tir 46 cai thién dang ké do chinh xac trong
du doan y dinh mua ciia ngudi ding. Tuy nhién, hiu hét cac nghién ctru van tip trung vao phan loai
kha ning c6 mua hay khong, thay vi du doan thodi diém mua hang, do d6 chua phan anh chinh xac
chu ky mua sim thyc té ctia khach hang.

2.3, Yéu té thoi gian trong dy dodn hanh vi mua hang

Trong nghién ctru dy doan hanh vi mua hang, yéu t6 thoi gian giita cac lan giao dich dugc xem la
chi bao quan trong phan 4nh chu ky mua sim va mic d6 duy tri trong tac cua khach hang (Lismont
va cong su, 2018). Theo nhom tac gia ndy, viéc md hinh héa khoang thoi gian giira hai 1an mua giup
xéc dinh xac suat khach hang quay lai trong mot khung thoi gian cu thé, tir d6 hd trg doanh nghiép
t6i uu thoi diém trién khai chién dich téi tiép thi. Gan day, Vallarino (2023) dé xuét ing dung cic mo
hinh hoc may sinh tn (Survival Machine Learning) dé truc tiép du doan thoi diém khach hang c6
kha nang mua lai, cho thiy hiéu qua cao hon so véi cac mé hinh phan loai nhi phan truyén thong. Tuy
nhién, phan 16n cac nghién ctru hién nay van yéu ciu dir liéu day va lién tuc, trong khi dir liéu TMDT
thuc té thuong roi rac va thiéu tinh thoi gian thye. Do do, viée tich hop yéu t6 thoi gian vao mé hinh
hoc méay ngén han (nhu khung 30 ngay) dugc xem 1 hudng tiép can phi hop.

2.4. Khodng trong nghién ciru

Trong nhiing nghién ctru gan day, nhiéu hudng tiép can tap trung mé hinh hoa tin hi¢u thoi gian
lién tuc dé du doan ¥ dinh mua, vi du nhu co ché chi ¥ theo thoi diém (Attention-To-Timestamp)
hodc khai thac chudi sy kién da cép (Zhou & Hudin, 2024). M6t nhanh khac tiép can theo hudng udc
lwong thoi gian mua (Time-to-Purchase) dang woc lugng thoi gian séng (Survival)/thoi gian mua lai
(Horizon), nhung thuong huéng t6i cac khoang thoi gian du bao dai hon va doi héi chudi dir lidu day
lién tyc (Vallarino, 2023). Tuy nhién, mot s6 céac nghién cuu van trién khai trén dix liéu da nganh,
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chua ap dung trén céc linh vuc dac thu, trong khi nganh thoi trang 1a mét linh vuc ¢6 hanh vi mua lap
lai ngén, xoay vong theo thang, dugc chirng minh chiu tdc dong manh cia R va F trong phan nhom
khéch hang (Verma va cong sy, 2025; Vallarino, 2023). Tu do6, van con thiéu mot huéng tiép can tap
trung vao du doan kha niang mua trong mot khung thoi gian ngén nhu 30 ngay, khung thoi gian von
phtl hop véi chu ky tai tiép thi va do ludng ngan sach tiép thi trong nganh thoi trang truc tuyén.
Nghién ciru nay tap trung lap ddy vao khoang trong dwgc phan tich va nhan dinh trén.

3. Phuong phap nghién ciru

3.1.  Quy trinh nghién curu

Nghién ctru tap trung d& xuét mé hinh dé du doan kha nang mua lai ciia khach hang duogc luong
hoa bang xéac suit trong khung thoi gian ngin (30 ngay). Quy trinh nghién ctru gdm bdn giai doan
chinh, dugc thé hién trong Hinh 1 dudi déy.

Thu thap dir liéu

1

GIAI DOAN 1 Hiéu céu tric, phan phdi va mbi quan hé giira cac bién
Khai phd va tin trong bo dir li¢u. )
., p ~n Lam sach dir liéu: xir ly gia tri khuyet, dir liéu trang lap,
xu ly dir liéu o A 20 S 20 RN,
gia tri ngoai lai, chuyén doi kiéu dir liéu, két ndi cac
bang.
-
A 4
Xay dyung dic Tao céc bién méi c6 kha nang dy doan cao, tao bién
trung muc tiéu.
GIAI POAN 2 <
v A .
hai pha di lie Kiém tra tinh can bang cua dir liéu, phan tich tinh
Khai p; 4 dir ligu tuong quan, dac trung quan trong trude khi dwa vao
lan 2 xdy dung mo hinh,
~
e
A 4
A N Chia tap dit liu, xir Iy mat can bing (néu can), chon
Xay dung mo C oA N X O
hinh dur dodn va Xay:igrng mo hinh (LightGBM/XGBoost), chinh
tham s0.
GIAI POAN 3 <
A 4
Panh gia mé hinh Bai toan nhi phan: Precisign, Recall, Fl-scorq va
duong cong ROC-AUC dé chon ra m6 hinh toi wu.
~
e
A 4
GIAI POAN 4 < U'ng dung 1iép thi Apy dung Chiél:l 1uqc tjép thi ca nhan hoa gho nhErng
¢4 nhan hoa khz}ch h.ang c6 kha nang mua cao trong vong X=30
ngay toi.
~

Hinh 1. Quy trinh va phuong phap nghién ctru
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Giai doan 1: Thu théap va tién xir Iy dir liéu ddu vao

O giai doan dau, nghién ctru tién hanh thu thap va tién xir Iy dir liéu. Dir liéu dugce loc theo nganh
hang thoi trang nham dam béo tinh dac thi va nhat quan. Tiép d6, cac budc phan tich kham pha dir
liéu (Exploratory Data Analysis — EDA) va tién xir 1y dugc thyc hién dé 1am sach, chuln héa, tch
(Parse) cac truong dir li¢u phirc hop, xir 1y gia tri khuyét, trung 1ap, va ngoai I¢. Két qua 1a b dir liéu
da dugc chuan héa va sin sang cho giai doan trich xuét dic trung hanh vi khach hang.

Giai doan 2: Xay dung va luva chon ddc trung div liéu

Duya trén mo hinh RFM mé rong, nghién ciru bd sung thém céc bién vé da dang danh myc mua va
mirc d9 twong tac voi khuyén mai, nham phan 4nh toan dién hon hanh vi mua sim trong méi truong
TMPDT. Sau d6, nghién ciru gan nhan muc tiéu nhi phan: khach hang dwoc gan gia tri 1a 1 néu phat
sinh mua hang trong vong 30 ngay tiép theo, va 0 néu khéng mua. Budce cudi cung 13 phén tich twong
quan va lya chon dic trung bang cac phuong phap thong ké va ky thuat loc (Feature Selection), dam
bdo giam nhiéu va tang kha ning khai quat ciia mé hinh.

Giai doan 3: Hudn luyén va danh gid mé hinh

Dir lidu sau khi tién xr Iy dwoc chia thanh tap huin luyén va kiém dinh theo ty 1& 80:20. Ty 1é nay
dam bao duoc mo hinh c6 du dir lidu dé hoc (80%) trong khi van giit lai mot phan doc 1ap (20%) dé
danh gia khach quan hiéu qua du doan ciia mé hinh. Pong thoi ap dung ldy mau phan tang (Stratified
Sampling) dé giit ty 1& 10p va ddnh gia mé hinh mot cach khach quan, tir 6 han ché hién twong qua
khop dir ligu (Overfitting). Nghién ciru ap dung hai moé hinh XGBoost va LightGBM, dai dién cho
nhom cac phuong phap t6 hop mé hinh dua trén cdy quyét dinh (Tree-based Ensemble Methods),
nham dy doan kha ning khach hang phat sinh mua hang trong 30 ngay t&i. Cac mo hinh dwoc tinh
chinh siéu tham sé va danh gi4 hiéu ning thong qua cac chi s6 do chinh xac (Precision), d6 bao phii
(Recall), chi s6 F1 (Fl-score) va dién tich dudi duong cong ROC (ROC-AUC), tir d6 Iya chon mo
hinh ¢6 kha nang du doan ti wu cho mg dung trong tiép thi ca nhan héa.

Giai doan 4: Ung dung mé hinh trong tiép thi cd nhén héa

Két qua du doan dugc sir dung dé nhan dién nhoém khach hang co xac suat mua cao trong 30 ngay
t61, phuc vu cho viéc trién khai chién dich quang cao tai tiép thi ca nhan hoa, gitp doanh nghiép tdi
wu chi phi quang céo va nang cao ty 18 chuyén doi.

3.2. Ditliéu

Dit liéu dugc thu thap tir co s& dit liéu E-commerce App Transactional trén Kaggle', bao gom
thong tin vé hanh vi ngudi ding, lich sir giao dich va thudc tinh san phdm trong giai doan 2016-2022.
B¢ dit liéu dugc st dung trong nghién ctru nay dugc xem nhu moi truong thye nghiém co kiém soat,
nham phuyc vu viéc d4nh gia va so sanh hiéu ning ciia khung mo hinh d& xuét. Cac thyc thé dir liéu
chinh v y nghia dwgc mé ta chi tiét trong Bang 1, dong thdi mbi quan hé giita cac ddi twong nghién
cuu va déc trung dir liéu dugc minh hoa qua so dd tai Hinh 2. Sau khi thu thép, nghién cuu tién hanh
loc chon cac giao dich thugc nganh hang thoi trang (Apparel) dé dam bao tinh tp trung va phu hop
v6i pham vi nghién cuu.

" Aditya Bagus Pratama (2023), https://www.kaggle.com/datasets/bytadit/transactional-ecommerce, truy cap ngay 11/07/2025.
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transactions customer
PK | booking id PK | customer id
customer_id first_name
session_id last_name
pmduct_met.adata username
~J (product_id)

171 NI -
create_at 1 I email
payment_method gender
payment_status birthday

click_stream promo_amount device_type

PK event id promo_code device_id
session_id shipment_fee device_version
event_metadata
(product_id) AL
event_name
event_time
LIl

Hinh 2. So d6 mbi quan hé giira cac khach thé, dbi tuong nghién ctru va cac dic trung

Ghi chii: Ky hidu cac bién dugc mé ta trong Bang 1.

Bang 1.

Céc thuc thé trong b dir liéu

Thuec thé Y nghia Y nghia céc bién quan trong
Khéch hang Chtra théng tin chi tiét ciia nguoi ding di dang ky - customer_id: ma khach hang
(Customer) trén ting dung TMBT, bao gdm mi khéch hang,
gidi tinh, va tén.
San phdm Luu trit dit liéu vé san phdm duoc ban trén nén - product_id: mi san phim
(Product) tang, gdm ma san pham, danh myc, va thuong - articleType: phan loai san cu thé
higu. (nhu Shirts, Dress, Jeans)
Giao dich Ghi nhén théng tin vé timg giao dich hodc don - created_at: thoi diém phat sinh
(Transactions)  hang ma khach hang thyc hién. Mdi khach hang giao dich
¢6 thé ¢6 nhidu giao dich véi nhidu san phdm khac  _ total_amount: tdng chi tiéu cta
nhau, bao gdm céc trudng nhu mi don hang, ma giao d;ch
khach ha ay giao dich, tong gid tri, s | o ,
. ac ang,,'ngay gla(? 1eh, tong gla tr, so luone, - um unique_products: s0 san
va trang thai thanh toan. . T, -
pham khac nhau trong don
Hanh vi Ghi lai hanh vi str dung ung dung va céc su ki¢n - session_id: ma phién truy cap
(Clickstream)  tuong tac clia ngudi ding trong mbi phién - event_name: tén sy kién (nhu

(Session), nhur xem san phim, thém vao gié hang,
va thao tac thanh toan; phan 4nh chudi hanh vi
dan dén quyét dinh mua hang.

ADD_TO_CART, BOOKING)
- event_time: thoi diém xay ra sy
kién
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3.2.1. Phan tich khach pha dir liéu (EDA)

S6 lugng giao dich theo thiang va nam

40000 4

=1
2
2
8

g giao dich

' 20000

S6 lugn

10000 1

Théang

Hinh 3. S6 luong giao dich qua cac nam
Két qua & Hinh 3 cho thy, khéi lwong giao dich ting manh qua cac nim, dat dinh vao nam 2022
va thap nhat vao nam 2016. Dit liéu thé hién rd tinh mua vy, khi sb luong giao dich tap trung nhiéu
hon trong nira cudi nam (thang 7—12). Mic du dit liéu 2016 va 2022 chua day du, xu hudéng chung
cho thdy hoat dong mua sim tang truéng nhanh, phan anh sy mo rong ciia thi truong thuong mai dién
tur.

Phéan b6 tan suat cac hanh vi tuong tac cia ngudi dung

1,0

o
o

S8 lugt (triéu)
2
>

0,44

0,2 4

0,0 -

2 " : :
&d- é‘p‘o dg_ Q_O“V é\@v v‘?d\ @\p < sz Qg"‘o
& o?o ’ ¥ <\<<,"? ¥ & & &
By &
Loai hanh vi

Hinh 4. Phan b tan suit cic hanh vi twong tac ciia nguoi ding
Biéu dd phan tich dit liéu Hanh vi (Clickstream) (xem Hinh 4) cho thiy nguoi dung twong tac chu
yéu qua cac su kién CLICK va HOMEPAGE, thé hién murc do truy cap cao. Sy kién ADD_TO_CART
xuit hién nhiu, phan anh ¥ dinh mua hang rd rét, trong khi cdc hanh dong BOOKING,
PROMO_PAGE va ADD_PROMO it hon dang ké, goi y ton tai “nat that chuyén d6i” khi nguoi ding
thuong ding lai & budce thém san phdm vao gio hang ma chua hoan tit mua hang. Diéu nay goi mé
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hudng phan tich sau hon vé hanh trinh chuyén d6i ciia khach hang va cac yéu té anh huong dén quyét
dinh mua hang.

$6 luong don dat hang theo khung gi¢ trong ngay

@24 387 don (dinh)
-
24000 e

o] \ /

20000 4 \ e

S6 lugng don dat hang

18000 { \ /

g
=
-

16000 -

E) ]I. 2I 3‘ f‘& .‘; é 7‘ é é 10 ll]. 1‘2 £3 ll4 lIS 1‘6 17 lIB ll9 2b Z‘l 2‘2 2‘3
Khung gi& (git trong ngay)
Hinh 5. S6 lugng cac don dat hang theo khung gid trong ngay
Bén canh @6, viéc quan sat thoi diém thyc hién giao dich trong Hinh 5 cho théy, cac hoat dong dat
hang tap trung chu yéu vao budi tbi va rang sang (20g00-2g00), trong khi thap nhét vao ban ngay
(6g00—-10g00). Két qua nay ciing phan anh thoi quen mua sim ngoai gio 1am viéc, 1a dic trung cia
nhom khach hang trén cac san thuong mai dién ti.

Sé lugng giao dich theo thang trong giai doan 2016-2022
445 085 (dinh)

44000 ». /
/ \.
42000 4 e

40000 1

. 38000 - \

. /
36000
-

34000 /

32000

g giao dich
.

S6 lugn

Théng

Hinh 6. S6 lugng giao dich theo thang trong giai doan 20162022
Ngoai ra, Hinh 6 cho thay s6 luong giao dich cao nhat vao thang 7 va ¢6 xu huéng giam rd rét
trong giai doan tir thang 8 dén thang 9, trudce khi ting nhe tré lai vao cudi nam. Didu ndy phan 4nh
tinh mua vu trong hanh vi mua sim, khi nhu cau ting manh vao giita nim, d6 ciing 1a thoi diém
thuong dién ra nhidu chién dich khuyén mai 16n trong nganh thoi trang.

3.2.2. Tién xir Iy dir liéu
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Sau khi loc dir liéu thudc nganh hang thoi trang va truc quan hoa ciu trac dit lidu thi tién hanh x6a
céc bién khong can thiét va khong phuc vu muc tiéu du doan hanh vi mua hang. Bang 2 dudi day thé
hién cac bién duoc giir lai sau khi xtr 1y.

Bang 2.

Céc bién con lai trong bo dir liu
Tén bang dir liéu Céc bién con lai Mo ta
apparel_transactions.csv created_at, customer _id, booking_id, session_id, Luu trir thong tin chi
(Giao dich) product_metadata, payment_status, tiét cua timg giao dich

promo_amount, total amount

apparel_products.csv (San product_id, gender, masterCategory, Chtra dir 1iéu mo ta san
phim) subCategory, articleType pham thoi trang
apparel_customers.csv customer_id, gender, birthdate, first join_date Chtra thong tin co ban
(Khach hang) cua khach hang
apparel_clickstream.csv session_id, event_name, event_time, Ghi nhan chubi hanh vi
(Hanh vi) event metadata ngudi diing trong mdi

phién truy cap (Session)

Ghi chii: Ky hiéu cac bién dugc mo ta trong Bang 1.

Tiép theo, dir liéu s& duogc tach chudi cic truong chira théng tin phirc hop nham chuin hoa ciu
trac dir lidu, vi du nhu tach bién event metadata trong bang Hanh vi (Clickstream) dé Iy bién
product_id_extracted, hodc tach bién product metadata trong bang Giao dich (Transactions) thanh
c4c cot cac bién num_items, num_unique_products, va avg_item_price.

Cubi cung, dit liéu duoc kiém tra va xur 1y gia tri khuyét (Null Values), loai bé ban ghi trung lip
(Duplicates) va xir Iy cc gia tri ngoai lai (Outliers) dé dam béo tinh toan ven va chét luong trude khi
trich xuét dic trung (xem Hinh 7).

Bang Giao dich - Bidu dé hap cia cét “customer_id" Bang San pham - Bidu dé hép cla cét "product_id*

Phan bé dir liéu
Phan b6 di ligu

o 10000 20008 30000 40000 0000 60000

20000 40000 60000 80000 100000 i tr cia product id

Gid tr ca customer_id
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Bang Khach hang - Biéu d8 hép cla cét "customer_id"

Bang Hanh vi Clickstream - Bigu d6 hép ciia ct "product_id_

Phan b6 da ligu
Phan bé d ligu

20000 40000 60000 80000 100000
Gid tri ciia customer_id

] 10000 20000 20000 %0000 50000 60000
Gid tri ciia product_id_extracted

Hinh 7. Kiém tra cac gia trj ngoai lai

3.3.  Xay dung ddc trung

K¥ thuat xay dung didc trung duoc thyc hién trong nghién ctru nay nham chuyén dbi dir liéu tho

thanh cac dic trung (Features) phan anh hanh vi va gié tri cta khach hang trong qua trinh mua sam.

Céc bién dic trung ndy (xem Bang 3) duoc lya chon va xdy dung dua trén 1y thuyét hanh vi tiéu dung

trong thuong mai dién tir, dic biét 1a mé hinh RFM, két hop v6i hanh vi tuong téc trén tmg dung.

Bang 3.
Céc bién dic trung va bién muc tiéu
Nhom Tén bién Y nghia
Bién dic trung recency days S6 ngay ké tir 1An mua hang gan nhét cua khach
hang, phan 4nh d6 “mai” trong hanh vi mua sim.
frequency Tén sut mua hang ciia khach hang trong giai doan

total_spent to date

num_unique_products cum

session_evt add to cart

session_unique_products

session_duration_sec

Bién muc tiéu will_purchase in next 30 days

quan sat (s6 lugng giao dich).

Tbng gia trj chi tiéu tich liiy ciia khach hang cho
dén thoi didm quan sat.

S6 lugng san phdm duy nhét ma khach hang da
ting mua.

Téng s6 1an khach hang thém san phim vao gi6
hang trong cac phién truy cép.

S6 lugng san phdm khéc nhau ma khach hang da
xem trong mot phién truy cép.

Thoi lugng trung binh mdi phién truy cap (tinh
béng gidy), phan anh muc d6 quan tam cta khach
hang.

Bién muc tiéu, nhan gia tri 1 nu khach hang c6

phat sinh giao dich trong 30 ngay ké tiép, nguoc
lai 1a 0.
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Bién muc tiéu will purchase in next 30 days dugc xdy dung dua trén hai khung thoi gian:
khung quan sat (T _obs) ghi nhan hanh vi mua hang trong qua khtr cua tirng khach hang, va khung du
doan (T_pred = 30 ngay) ding dé kiém tra kha ning phat sinh giao dich trong twong lai gin. Néu
khach hang c6 it nhat mot giao dich trong 30 ngay sau T_obs, bién muc tiéu dwoc gan gi tri 1, nguoc
lai 14 0. Céch tiép c4n nay giup mé hinh hoc may hoc duge mdi quan hé giita hanh vi lich st va xéac
suat mua hang ngén han.

Biéu d6 nhiét tuong quan (Pearson) -

customer_id
recency._days -
frequency -
total_spent_to_date -
num_unique_products_cum -

session_evt_add_to_cart -

session_unique_products -

Cac dac trung (Features)

session_duration_sec -

days_to_next_purchase -

will_purchase_in_next_30_days -

s_cum -

it_to_date —

customer_id -

frequency -

ique_products —
t_30_days

0
@
2
T

=
>
g
=
g
I}
e

|_spent

session_duration_sec -

ique_product:
e_In_next

total_sj
days_to_next_purchase -

session_evt_add_to_cart -

session_uni

num_uni
|_purchas

will

Céc dsc trung (Features)
Hinh 8. D6 tuong quan giita cac bién dic trung vai bién muc tiéu
Ghi chii: Ky hiéu bién dugc mé ta trong Bang 1 va Bang 3.

Tiép theo, nghién ctru tién hanh kiém tra mbi twong quan giita cac bién doc 1ap va bién muc tiéu
bang hé sb tuong quan Pearson (xem Hinh 8). Két qua cho thiy bién recency days c6 tuong quan
nghich manh nhét véi x4c suit mua hang trong 30 ngdy t&i (r = -0,3864), nghia 1a khach hang vira
mua gin diy c6 kha ning quay lai mua cao hon. Hai bién frequency (r = 0,3737) va
total spent to_date (r=0,3412) thé hién mdi twong quan thudn 5 rét, phan anh ring khach hang mua
thuong xuyén va chi tiéu cao c6 xu huéng mua lai nhiéu hon. Nguoc lai, cic bién hanh vi nhu
session_duration_sec, session_evt add to cart va session_unique products co twong quan yéu hoic
am, cho thay viéc duyét san pham nhiéu hodc thém gioé hang khong nhat thiét dan dén hanh dong mua.

Phan bé bién muc tiéu

250000
200000 A

=0

£ 150000 A

o

=

g

b

% 100000

50000 -

o
Sé mua trong 30 ngay tdi (1 = C6, 0 = Khong)

1

Hinh 9. B¢ can bang ctia bién muc tiéu
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Hinh 9 biéu dién phan phdi ciia bién muc tiéu duoc kiém tra nham danh gia do can bang dir licu.
Két qua cho thay hai 16p (0: khong mua, 1: ¢6 mua) c6 ty 1& twong ddi can bang, trong d6 nhém khach
hang khong mua trong 30 ngay t&i chiém ty 1¢ cao hon nhe.

3.4. Xay dung mé hinh dy doan

Trong nghién ciru nay, hai thuat toan LightGBM va XGBoost dugc lya chon dé huan luyén mo
hinh du doén kha niang phét sinh mua hang trong 30 ngay téi. Ca hai thuc nhom mé hinh t6 hop cay
quyét dinh, n6i bat v6i kha niang xir 1y dir lidu phi tuyén tinh, tdc d6 huan luyén nhanh va hiéu qua
cao trong cac bai toan phan loai nhi phan.

LightGBM sir dung co ché tang truong theo 14 (Leaf-wise Growth) gitip giam 161 huin luyén nhanh
hon so véi co ché ting truong theo tang (Level-wise Growth) truyén thdng, nhd d6 ti wu hiéu ning
khi dit liéu c6 dac trung phirc tap va nhiéu chiéu (Ke va cong su, 2017). XGBoost dugc lya chon vi
kha ning tong quat hoa tdt va co ché chuan hoa mé hinh (Regularization) gitp kiém soat hién tugng
qué khop (Overfitting), phu hop véi dit liu TMDT c¢6 sy chénh 1éch gifta hai nhém hanh vi mua va
khong mua (Chen & Guestrin, 2016).

Top 15 dac trung quan trong (Mutual Infarmation)

days

recency

frequency

Béc trung goc
=
£
3

total

session -

fav q

0,0 0:1 0:2 0:3 0,‘4 0:5 0:6 0:7
Diém quan trong
Hinh 10. Cac déc trung quan trong

Trude khi hudn luyén, mirc d6 quan trong cua dic trung (Feature Importance) duoc danh gia bang
phuong phap théng tin hd trg (Mutual Information). Hinh 10 cho thiy cac bién lién quan dén yéu t6
thoi gian nhu days_to_next_purchase va recency days c6 anh huong 16n nhat dén kha nang mua lai,
tiép theo 1a cac bién frequency va total spent to date, phan 4nh dang ban chét hanh vi tiéu dung
trong nganh thoi trang — phu thugc manh vao tan suat va do gan cua 1an mua gan nhat.

Dit lidu dugc chia thanh tap huan luyén va kiém thir theo ty 1¢ 80:20 bang phwong phap 1iy mau
phan tang (Stratified Sampling). Hai mo hinh LightGBM va XGBoost dwgc hudn luyén véi cing bo
siéu tham s6 ddng nhat dé dam bao tinh so sanh céng bang, bao gom tc do hoc (Learning Rate) 0,05,
d6 sau tdi da (Max Depth) 6 va s6 lugng cdy (n_estimators) 200.
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4. Két qua nghién ctfu va thao luan

4.1, Két qua thuc nghiém

Bang 4.

So sanh chi s6 ROC-AUC giita 2 mé hinh
M6 hinh ROC-AUC
LightGBM 0,8831
XGBoost 0,8830

Bang 5.

Céc chi sb hiéu sudt ciia mé hinh hoc may

Do chinh xéac Do nhay DPiém F1 HJ tro

0 0,8451 0,7799 0,8112 51.408
1 0,7489 0,8212 0,7834 41.098
Ty 1¢ du doan dung 0,7983 92.506
Hiéu suét trung binh vi mo 0,7970 0,8005 0,7973 92.506
Trung binh c6 trong b 0,8024 0,7983 0,7988 92.506

Két qua huan luyén cho bai toan du doan kha ning khach hang phat sinh mua hang trong 30 ngay
t6i cho thay ca hai mo hinh LightGBM va XGBoost déu dat hiéu ning 6n dinh va tuong dong (xem
Béng 4). M hinh LightGBM dat d¢ chinh xac tong thé Accuracy = 0,7983 va ROC-AUC = 0,8831,
trong khi d6 XGBoost ciing dat Accuracy = 0,7983 va ROC-AUC = 0,8830, thé hién kha ning dy
doan chinh xac va dg phan biét cao gitta hai nhom khach hang (c6 va khong c6 kha nang mua hang).

Phan tich chi tiét cac chi sb precision, recall va F1-score trong Bang 5 cho thay ca hai mé hinh
déu duy tri muc can bang tot gitra d6 chinh x4c va kha ning phat hién khach hang tiém ning. Cu thé,
nhém khach hang c6 kha niang mua hang dat precision = 0,7489 va recall = 0,8212; phan 4nh ring mo
hinh ¢6 thé nhan dién hiéu qua nhom ngudi mua thyc sy trong ngén han ma khong bo sét qua nhidu

treong hop.

0,8

04

Ty 1& duong tinh that (True Positive Rate - TPR)

0,0

‘Huang cong ROC

] —— LightGBM (AUC=0,8831)

XGBoost (AUC=0,8830) """

0,0 0,2 0,4 0,6 0,8 1,0
Ty |é duong tinh gia (False Positive Rate - FPR)

Hinh 11. Buong cong ROC va gia tri AUC thé hién kha ning phén biét cia mé hinh
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Két qua dudng cong ROC (xem Hinh 11) cho thay kha niang phan loai twong duong gitra hai mo
hinh, véi duong cong ctia LightGBM va XGBoost gan nhu tring nhau, chi ra ring hi¢u ning du doan
on dinh va kha ning tong quat hoa tét. Viéc ca hai mo hinh déu dat chi s6 AUC gan bang nhau (AUC
~0,8830) chimg to rang chiing pht hop cho cac tng dung trong thuc té thwong mai dién tir, dic biét
trong viéc xac dinh nhom khach hang c6 xac suat mua cao dé trién khai chién dich tai tiép thi hodc
khuyén mai myc tiéu.

4.2, Thao lugn két qua va ham ¥ quan tri

Két qua thuc nghiém cho thdy mé hinh t6 hop ciy quyét dinh (LightGBM, XGBoost) dat hiéu
nang tét trong viéc du doan kha ning khach hang mua trong 30 ngay, vé6i cac bién recency va
frequency 1a nhimng dic trung c6 dong gop 16n nhit cho kha nang phan biét khach hang co/khong mua
lai. Quan sat nay twong hop voi nhitng cong trinh gan day nhan manh vai tro cua cc chi s6 REM
(Recency-Frequency-Monetary) trong phan khuc khach hang va dy bao hanh vi mua lai, khi RFM
van duoc coi 1a “bd chi bao 16i” cho tiép thi du doan (Predictive Marketing) (Verma va cdng su,
2025).

So sanh véi cac hudng nghién ctru khac: Zhou va Hudin (2024) trinh bay mét khuon kho két hop
ma hoa dau thoi diém sy kién (Event-based Timestamp Encoding) va mé hinh ap dung co ché chi y
(Attention Model) trén chudi thoi gian kém mang no-ron d6 thi dé nim bat mau hanh vi tuan tu ciia
ngudi ding; tic gia bio céo rang cach tiép can nay nang cao hiéu qua du doan khi dir lidu sy kién
theo thoi gian c6 tinh tiép nbi (Zhou & Hudin, 2024). Nguoc lai, Vallarino (2023) khao sat va so sanh
céc phuong phap hoc may sinh ton (Survival Machine Learning) hay mo hinh dy doan thoi gian sy
kién (Time-to-event Models), va chi 1 rang nhitng mé hinh nay hitu ich dé wdc lwong khi nao mot
giao dich s& xay ra, nhung dong thoi néu ra thach thirc thuc tién khi dir liéu ghi nhéan theo thoi gian
khong day hodc khong du sb lwong quan sat (Vallarino, 2023).

V6i két qua nay, doanh nghiép TMDT c6 thé 4p dung mé hinh dy doan dé xac dinh nhém khach
hang c6 kha nang mua cao trong 30 ngay téi va uu tién cac chién dich nhéc gio hang, wu dii ma giam
gi4 hodc goi y san phdm cho nhom nay, tir d6 ting ty 16 chuyén d6i va giam chi phi quang céo bi lang
phi vao nhom khach hang khong ¢ ¥ dinh mua. Ngoai ra, viéc theo ddi chi sb recency va frequency
¢6 thé dugc st dung nhu tin hidu canh bao sém dé kich hoat chién dich tiép thi khi hanh vi mua gan
day c6 dau hiéu giam.

Két qua nghién ciru mang lai ham ¥ quan tri rd rang cho doanh nghiép TMDT tai Viét Nam, dic
biét trong nganh thoi trang: doanh nghiép c6 thé str dung x4c suat mua trong 30 ngdy lam “thang diém
wu tién” dé phan bd ngudn luc tiép thi. Nhom xac sudt cao duoc wu tién khuyén mai/ vu dii manh dé
t6i da hoa chuyén ddi, nhém trung binh ding wu dai nhe dé thic ddy tiép can, trong khi nhém thip
dua vao cac chuong trinh nudi dudng nham duy tri mirc d6 twong tac dai han. Dong thoi, hai tin higu
hanh vi R va F vén da duoc ching minh la én dinh va cé suc dy bao manh (Verma va cdng sy, 2025)
¢6 thé dung 1am nhu mot kich hoat (Trigger) don gian trong quan tri mdi quan hé khach hang
(Customer Relationship Management — CRM) dé kich hoat chién dich tai tiép thi theo thoi gian thuc.
Ngoai ra, doanh nghiép c6 thé trién khai thém thir nghiém A/B dé do muc cai thién hiéu qua (Uplift),
t6i wru ngan sach quang cao va thiét 1ap quy trinh cap nhat mé hinh dinh ky cho chién dich tai tiép thi
dya trén mo hinh dy doan. Tém lai, diém manh cia cich tiép can nay 1a vira kha thi trién khai ngay
voi dir liéu giao dich ti€u chuén, vira mang lai gia tri thuc tién trong c& nhan hda, thay vi doi hdi ha
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tang sy kién lién tuc va cac mo hinh chudi thoi gian (Time-series) phirc tap nhu cac hudng tiép can
dua trén dau thoi gian (Timestamp-based) gan day.

4.3, Han ché ciia nghién ciru

Mic du dat duogc Kkét qua du doan kha quan, nghién ctru van ton tai mot sb han ché. Thir nhdt, dit
liéu sir dung mang tinh lich sir va giéi han trong nganh hang thoi trang, nén kha ning tong quat hoa
sang cac linh vuc khac con han ché. Thir hai, mot sb bién hanh vi ¢6 thé van chira diu hiéu ro ri thong
tin (Data Leakage) do khoang thoi gian quan sat va du doan chwa duoc tach biét tuyét ddi, dan dén
mo hinh ¢6 thé danh gid qua cao nang luc du doan. Thir ba, nghién ctru méi tap trung vio cac mo
hinh t6 hop cay quyét dinh (LightGBM, XGBoost) vn c6 dic tinh twong ty nhau nén chua phan anh
13 su khéc biét vé hiéu nang gifra cac nhom thuét toan. Cubi cung, yéu td ngoai canh nhu chién dich
tiép thi, mua vu hay hanh vi xa8 hdi chua dugc tich hop, khién mé hinh con mang tinh tinh. Viéc mé&
rong hudng thyc nghiém mo hinh d& xuét trén dit lidu thuc té, dit lidu thoi gian thyc va mo hinh hoc
sau (Deep Learning) c6 thé nang cao hiéu nang va tinh tng dung thuc té cia mé hinh dy doan.

5. Két ludn

Nghién ciru nay tap trung phat trién mé hinh du doan kha ning mua lai xac suét khach hang phat
sinh hanh vi mua hang trong 30 ngay t&i, dua trén dit liéu giao dich va hanh vi sir dung nén tang
thwong mai dién tir trong nganh thoi trang. Két qua thuc nghiém véi cac thudt toan hoc may nhu
LightGBM va XGBoost cho thay hiéu ning du doan cao, v6i do chinh xéac trung binh dat khoang
0,7983 va chi s6 ROC-AUC trén 0,8830. Trong d6, LightGBM thé hién kha nang khai quat tot hon,
ddng thoi c6 wu thé trong xtr 1y di liéu dang bang (Tabular Data) véi s6 lugng dic trung 16n, phit hop
v6i bdi canh thuong mai dién tir da hanh vi (Ke va cong sy, 2017). Phan tich trong quan cho thiy cac
bién hanh vi nhu s6 ngay ké tir 1an mua gan nhat (Recency) va tan sudt mua hang (Frequency) c6 anh
huéng manh nhat d&én kha ning mua lai, cing c6 cho cac két ludn trong cac nghién ctru trude day vé
gia tri du bao ciia mo6 hinh RFM ddi v6i hanh vi mua hang 1ap lai (Verma va cong su, 2025).

Vé phuong dién hoc thuat, nghién ctru gop phan mé rong img dung ciia hoc méay trong bai toan
du doan mua hang tiép tuc ¢ rang budc mot khoang thdi gian ngén han (mot hudng nghién ciru con
tuong ddi moi), dic biét trong nganh hang thoi trang, noi hanh vi ti€u dung chiu tac dong manh boi
xu huéng, mua vu va yéu td cam xtc (Zhou & Hudin, 2024). Khéc véi cac nghién ctru chi du doan
kha ning “c6 mua hay khong” trong tuong lai, cach tiép can ctia dé tai nhdn manh yéu t6 du bao trong
khung thoi gian cu thé (“khach hang c6 mua trong thang t6i hay khong”), qua d6 mang lai goc nhin
thyc tién hon cho cac hoat dong hoach dinh chién luge tiép thi va quan tri khach hang.

Vé mit thyc tién, mo hinh dé xuat dong vai tro 1a mot giai phap kha thi dé tich hop truc tiép vao
hé théng CRM hodc nén tang TMDT, hd trg doanh nghiép xac dinh nhom khach hang ¢ kha ning
mua cao trong chu ky 30 ngay tiép theo. Piéu nay cho phép minh hoa quy trinh trién khai cac chién
dich tiép thi c4 nhan hoa, t6i wu héa chi phi truyén thong va nang cao ty 1& chuyén doi. Mit khac ciing
phi hop véi xu hudng tiép thi hudng dit ligu (Data-driven Marketing) dang dugc nhiéu doanh nghiép
TMDT 16n ap dung.

Trong tuong lai, dé khic phuc cac han ché cua dir liéu thur nghiém hién tai, nghién ctru c6 thé duoc
mo rong theo ba hudng chinh: (1) kiém dinh mé hinh trén tap dit liéu thyc té tir doanh nghiép va mo
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rong sang cac nganh hang khac nhu dién tir, my pham, hang tiéu dung nhanh dé kiém dinh kha ning
tong quat hoa ctia mo hinh; (2) tich hop thém céac yéu té ngit canh dong nhu khuyén mii, mua vy, xu
huéng tim kiém nham phan anh chinh x4c hon dong luc mua hang; va (3) tmg dung céc ky thuat hoc
sau nhu LSTM (Long Short-term Memory) hoic mé hinh hoc sau ap dung co ché chu y cia
TabTransformer dé khai thac dic trung chudi thoi gian cta hanh vi nguoi ding (Liu va cong su,
2024). Nhitng hudéng phat trién nay hira hen nang cao d6 chinh xac va gié tri img dung ctia m hinh,
huéng t6i viéc xay dung hé thong du doan va ra quyét dinh tiép thi thong minh trong méi truong
TMDT hién dai.

Loi cam on

Nghién ctru nay duoc tai trg boi Truong Dai hoc Kinh té - Luat, Dai hoc Qudc gia Thanh phé Hb
Chi Minh, Viét Nam.
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