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Nghién clru nay st dung cac ky thuét khai thac di liéu giao dich dé
phan khic khach hang trong linh vuc ban 1é truc tuyén. Tich hgp khudn
kh& CRISP-DM vdi mé hinh RFM, nghién clu danh gia sau thuat toan
phan cum bao gém K-Means, Spectral Clustering, Mean Shift, Gaussian
Mixture Model, DBSCAN va Fuzzy C-Means nham t&i uu hoda giai phap
phan khic khach hang. Cac chi sé dinh lugng bao gém Davies-Bouldin,
Calinski-Harabasz, Dunn va diém Silhouette, chthg minh K-Means dat
hiéu qua tot nhat trén dir liéu thuc nghiém. Két qua téi uu hda bon
phan khdc khach hang riéng biét: khach hang tot nhat, khach hang
trung thanh, khach hang tiém nang va khach hang rdi bé dich vu. Phat
hién nay cung cap bang ching ra quyét dinh dya trén di liéu, thiét 1ap
va thuc hién cac chién lugc tiép thi cé muc tiéu thdng qua tich hgp hé
théng CRM, t8i uu hda phan bé nguén luc va gilt chan khach hang.
Dang chi y, cac phan khic khach hang dugc xac dinh tao diéu kién ca
nhan hoda, tang cudng tiém nang doanh thu va dat Igi thé canh tranh.
Nghién ciu ciing chi ré nhitng han ché va dé xuat cac huéng phat trién
trong tuong lai, chdng han nhu két hgp dit liéu nhan khau hoc va cac
ky thuat hoc sdu dé nang cao chat lugng phan khic khach hang.

Abstract

This study utilizes transactional data mining techniques to segment
customers in the online retail sector. Integrating the CRISP-DM
framework with the RFM model, the study evaluates six clustering
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RFM Model; algorithms including K-Means, Spectral Clustering, Mean Shift,

Cluster analysis. Gaussian Mixture Model, DBSCAN, and Fuzzy C-Means to optimize the
customer segmentation solution. Quantitative metrics including
Davies-Bouldin, Calinski-Harabasz, Dunn, and Silhouette scores
demonstrate that K-Means performs best on the experimental data.
The results optimize four distinct customer segments: best customers,
loyal customers, potential customers, and churners. The findings
provide evidence for data-driven decision making, establishing and
implementing targeted marketing strategies through CRM system
integration, optimizing resource allocation, and customer retention.
Notably, the identified customer segments facilitate personalization,
increase revenue potential, and gain competitive advantage. The study
also highlights limitations and suggests future directions, such as
combining demographic data and deep learning techniques to
improve customer segmentation.

1. GiGi thiéu

Trong bdi canh nganh béan 1¢ truc tuyén ngay cang phat trién manh mé, viéc hiéu va phan tich hanh
vi khach hang trg thanh yéu cau thiét yéu dé doanh nghiép dua ra cac chién luge marketing hidu qua,
¢4 nhan hoa trai nghiém va téi wu hoa ngudn lyc. Phan tich hanh vi khach hang, v6i muyc tiéu chia
nhém khach hang theo dic diém twong dong vé nhan khau hoc va hanh vi, déng vai trd quan trong
trong vi€c gia tang gia tri vong doi khach hang va ning cao hiéu qua kinh doanh. Tuy nhién, véi sy
gia tang nhanh chong vé khdi luong, tbe do, su da dang va tinh chinh xac cua dir liéu, cac phuong
phap phén tich hanh vi khach hang truyén thong boc 16 nhiéu diém han ché, doi hoi nghién ctru phat
trién va ing dung cac k¥ thuat khai pha dir lidu tién tién.

Nghién ctru nay thyc hién véi quy trinh CRISP-DM chuén muc (Chapman va cdng su, 2000), dam
béo tinh hé thng trong khai pha dir liéu. Dit liéu thuc nghiém Online Retail tir nguén UCI Machine
Learning Repository (Chen, 2015), luu giit thong tin giao dich ciia mot doanh nghiép ban 1€ truc tuyén
tai Vuong quéc Anh. Dir liéu dugc thu thap, lam sach va chuyén d6i nham xir ly gia tri thiéu, trung
lap va bit thudng. M6 hinh REM sau dé duge xdy dung va dir liéu dugc chudn hoa phan 4nh hanh vi
khach hang qua ba yéu to: Recency, Frequency va Monetary. Sau thut toan phan cum duoc thyc
nghiém, v6i két qua dugc danh gia ca vé mat k§ thuat (cac chi sb do ludng sy pht hop mé hinh) va
muc tiéu kinh doanh. Cudi cling, cac nhém khach hang riéng biét dwoc phan tich va gin véi cac dé
xuét chién lugc marketing cu thé, hd tro trién khai thuc té trong hé thdng quan 1y quan hé khach hang.

Nghién ctru nay mang lai nhitng dong gép quan trong trong linh vuc phan khtic khach hang ban
1¢ tryc tuyén, duoc cdu tric rd rang qua hai khia canh chinh: 1y thuyét va ing dung thuc tién. (1) Vé
mat ly thuyét: Nghién ctru thuc hi€n mdt phan tich so sanh toan dién gitta su thuét todn phan cum
(K-Means, Spectral Clustering, Mean Shift, Gaussian Mixture Model, DBSCAN va Fuzzy C-Means)
dua trén mo hinh RFM, dugc tich hgp chét ché trong quy trinh CRISP-DM. Thong qua viéc ap dung
céc chi sé danh gia dinh lugng da chiéu, nghién ctru xac dinh K-Means la thuét toan tb1 wu, khic phuc
han ché cua cac nghién cuu trude day, vbn thudng chi tap trung vao mét hodc hai thuat toan ma thiéu
su so sanh da dang trén dir liéu giao dich thyc té tir nguon UCI Machine Learning Repository. Diéu
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nay lam phong pht thém co s 1y thuyét vé khai pha dir liéu, cung cap nén tang khoa hoc cho céac
nghién ctru tiép theo, nhu mé rong mé hinh véi dir liéu da ngudn hodc tich hop ky thuat hoc sau. (2)
Vé mit tmg dung: Nghién ctru dé xuit bon phan khiic khach hang ¢ v nghia kinh doanh cao (Best
Customers, Loyal Customers, Potential Customers va Lost Customers), dugc xay dyng tur dit liu thyc
nghiém véi hon 4.000 khach hang. Cac phan khac nay hd tro tich hop vao hé théng CRM, tao co sé
cho céc chién luge marketing ca nhan hoa, téi uu héa ngudn lyc, va nang cao kha nang giir chan khach
hang, tir #6 mang lai lgi thé canh tranh cho céc doanh nghiép ban 1é tryc tuyén trong bdi canh chuyén
ddi sb toan ciu va tai Viét Nam.

2. Ca sé ly thuyét va cac nghién ciru lién quan

2.1. Mo hinh RFM, thudt toan phdn cum, va khuon khé CRISP-DM

Phén khuc khach hang trong ban 1é truc tuyén 1a chu dé dugc quan tm trong hon hai thap ky qua,
v6i nhiéu nghién ciru timg dung mé hinh RFM va céc thuét toan phan cum dé kham pha hanh vi khach
hang. Hughes (1994, 2005) 1a ngudi dau tién gidi thiéu moé hinh RFM dé xéac dinh gié tri va phan chia
khéch hang thanh cac nhom cé y nghia. MacQueen (1967) gidi thi€u thuét toan K-Means dya trén
khoang cach Euclidean, mé dudng cho nhiéu nghién ctru phan cum khach hang. Kotler (1967, 2012)
nhan manh vai tro cta phan khiic khach hang trong quan tri marketing. Fayyad va cong su (1996) dé
xuit quy trinh KDD, tién dé ctia CRISP-DM, thiét 1ap khung chuan cho khai pha dit lidu tir tién xt Iy
dén phan tich két qua.

M6 hinh RFM (Recency, Frequency, Monetary) 1a mdt phuong phéap dinh lugng hanh vi khach
hang duya trén: thoi gian ké tir 1an mua gan nhat (Recency), tin sudt mua hang (Frequency), v tong
sO tién chi tiéu (Monetary). Theo Hughes (1994, 2005), phan tich RFM 1a mot k¥ thuat tiép thi dung
dé danh gia va phan nhoém khach hang mét cach dinh lwong. Kumar va Reinartz (2012) ciing dua ra
dinh nghia tuong ty, la mdt mé hinh phan khuc khach hang dya trén dit liéu, danh gia gia tri cia khach
hang dya trén RFM. Trong nghién ciru nay, mé hinh RFM duoc sir dung két hop véi cac thuat toan
phan cum dé tao ra cac phan khiic khach hang ¢6 ¥ nghia phuc vu muyc tiéu kinh doanh.

Phan khuc khach hang dua trén nén tang phan khac thi truong 13 viéc chia thi trudng thanh cac
nhom ngudi mua riéng biét c6 nhitng nhu ciu, dic diém hodc hanh vi khac nhau, va c6 thé doi hoi
céc san pham hodc chuong trinh marketing riéng biét (Kotler & Armstrong, 2017). Thuat toan phan
cum gitip giai quyét van dé nay. Phan tich phan cum 13 qu4 trinh t6 chirc mot tap hop cac mau (thuong
dugc biéu dién dudi dang vector cac gia tri do luong, hodc mot diém trong khong gian da chiéu) thanh
cac cum dya trén mirc d§ tuong déng (Jain va cdng su, 1999).

Quy trinh CRISP-DM (Cross-Industry Standard Process for Data Mining) (Chapman va c{ng su,
2000) 1a mot quy trinh chuan gdom 6 bude thyc hién khai pha dit liéu mot cach c6 hé thong va higu
qua. Sau budc gdm: Hiéu nghiép vu, hiéu dir liéu, chuén bi dir liéu, md hinh hoa, danh gia va trién
khai. Quy trinh CRISP-DM gitip dam bao qué trinh khai pha dit liéu dién ra c6 dinh huéng, khoa hoc
va phil hop v&i muc tiéu thyc té.



Nguyén Tinh Giang & Hoanh Anh (2025) JABES 36(7) 04-21

2.2.  Cac nghién cuu lién quan

Nghién ctru ctia Cheng va Chen (2009) 1a mot trong nhitng nghién ctru tién phong két hop mo
hinh RFM va 1y thuyét Rough Set nham phan cum khach hang mét cach chinh xac hon. Nghién ctru
cho thiy viéc tich hop hai phuong phap gitp cai thién két qua phan cum nhd kha nang xtr 1y dir lidu
khong chic chin va khong day dii. Chen va cong su (2012) di van dung mé hinh REM két hop véi
khai phé dir liéu dé phan khuc khach hang trong nganh ban 1¢ truc tuyén. Két qua cho thay RFM la
cong cu manh dé c nhan hoa marketing va giir chan khach hang. Cho va cong sy (2013) tiép tuc mo
rong RFM bang cach thém yéu t6 wu tién san pham dé nang cao kha niang goi y trong méi truong
thwong mai dién t, tir d6 hd tro cac hé thong khuyén nghi hoat dong hiéu qua hon.

Zahrotun (2017) d& xuét sir dung Fuzzy C-Means thay vi K-Means dé thuc hién phan cum khach
hang vai hé théng CRM trong thuong mai dién tir, gitap linh hoat hon trong viéc x4c dinh khach hang
thudc nhiéu nhom khac nhau. Rizki va cong su (2020) da ap dung REM két hop v6i K-Means dé phan
khiic khach hang trén hé thong POS (Point of Sale). Nghién ctru nhén manh tinh thyc tién cia RFM
trong moi trudng ban 1é vét 1y va cho thiy kha nang phat hién nhém khach hang trung thanh. Christy
va cong sy (2021) dé xuét phuong phap xép hang RFM nhiam phén biét vai trd cua khach hang trudc
khi thyc hién phan cum. Cach tiép can nay gitp ting do chinh xac va hiéu qua ciia qua trinh
phén cum.

Anitha va Patil (2022) tiép tuc st dung RFM va K-Means dé nghién ctru hanh vi mua sim, khing
dinh rang phan cum khach hang gitp ca nhan hoa chién lugc marketing. Ibrahim va Tyasnurita
(2022) mé rong RFM thanh LRFM (thém yéu 6 thoi gian L — Length) va cho thdy két qua phan cum
t6t hon trong phan tich vong doi khach hang. Li va cong su (2022) dé xuat mé hinh RFM ¢6 trong s6
két hop K-Means dé t6i uu hoa hiéu qua phan khuc, 6 tinh tmg dung cao trong thwong mai dién tir.
Mensouri va cong su (2022) nang cdp mo hinh 1én RFMT (thém yéu t6 T — Time) va phén tich thém
diém hai long, cho thay céach tiép can nay mang lai birc tranh toan dién vé hanh vi khach hang.

Cac nghién ciru gan day da mé rong mé hinh RFM nham nang cao hiéu qua phan khiic khach hang
trong thuong mai dién tur. Chéng han, Lang va cong su (2023) dé xuit mo hinh RFM ¢6 trong sb
dong, két hop phuwong phap phan tich thir bac (AHP) va Entropy dé xac dinh trong sb ciia cac thanh
phan R - F - M mét cach dong thoi khach quan va chu quan, qua d6 cai thién déang ké hiéu qua phan
cum (Wong va cong sy, 2024) ap dung RFM két hop phan cum phan cép, dat chi s6 Silhouette 0,47
va Calinski-Harabasz xap xi 3.787, két qua vuot trdi so véi phuong phap K-Means truyén thong.
Trong khi do, Wang (2025) xay dung khung phan doan khach hang tich hop Q-learning va thuat toan
tién hoa vi sai véi K-Means, gitp céi thién kha ning xac dinh nhém khach hang trong bdi canh
marketing s6. Bén canh do, tdng quan ciia Alves Gomes va Meisen (2023) ciing khing dinh xu huéng
mé rong RFM va cac phuong phap phan cum trong thuwong mai dién tur hién dai.

So sanh v6i cac nghién ctru lién quan, c6 thé thay rang hau hét cic cong trinh trude day thuong
gidi han & viée 4p dung mot hodc hai thuat toan phan cum kinh dién két hop véi mé hinh REM, din
dén thiéu hut vé su so sanh toan dién va danh gia da chiéu. Ch.'?lng han, Anitha va Patil (2022) chi tap
trung vao thuat toan K-Means v6i hai chi s§ danh gia co ban (Silhouette va Davies-Bouldin), ma
khong mé rdng so sanh véi cac thuat toan khac, tir d6 tao ra khoang tréng vé viéc xac dinh thuit toan
ti wu trong bdi canh dix liéu giao dich phuc tap; tuong tu, Chen va cong sy (2012) chu yéu su dung
K-Means va Fuzzy C-Means (FCM) nhung chi dwa vao chi s6 Silhouette don 1¢, thiéu cac chi s6 bo
sung dé danh gia d¢ tach biét va dong nhét ctia cdc cum mot céch toan dién. Cac nghién ctru khéc nhu
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Cheng va Chen (2009) két hgp RFM vdi Rough Set nhung khong so sanh thuét toan phan cum da
dang, Zahrotun (2017) uvu tién FCM cho CRM trong thuong mai dién tir ma chua danh gia véi cac
thudt todn khac, Rizki va cdng su (2020) va Li va cdng su (2022) cling chi sir dung K-Means véi
RFM, tép trung vao phan khic khach hang nhung thiéu sy so sanh rong rii, trong khi Ibrahim va
Tyasnurita (2022) mé rong thanh LRFM va Mensouri va cong su (2022) thanh RFMT, nhung van
gi61 han & K-Means hoac FCM ma khong danh gia da thuat toan trén cung bd dir li¢u. Bai bao nay
1ap day khoang tréng d6 bang cach thyuc hién mot phan tich so sanh toan dién sau thuét toan phan cum
(K-Means, Spectral Clustering, Mean Shift, Gaussian Mixture Model - GMM, DBSCAN va Fuzzy
C-Means - FCM) két hop v&i bon chi sb danh gia dinh luong da chiéu (Silhouette, Davies-Bouldin,
Calinski-Harabasz va Dunn), tit ca dugc 4p dung trén ctng bd dir liéu RFM tir ngudn Online Retail
(UCI Machine Learning Repository), dam bao tinh nhat quan va kha ning so sanh tryc tiép. Khong
gidng cac nghién ciru trude thudng 4p dung riéng 1¢ cac thudt toan kinh dién, bai bao nay két hop sau
thuat toan mot cach c6 hé théng trong quy trinh CRISP-DM dé x4c dinh thuat toan t6i wu (K-Means),
tir d6 tao co s& 1y thuyét méi mé va vimg chic hon cho viéc phan khic khach hang trong linh vuc ban
1¢ truc tuyén, hd tro cac tmg dung thyc tién nhu ¢4 nhan héa marketing va tdi vu hoa CRM.

3. Phuong phap nghién ciru

3.1.  Thiét Idp muc tiéu va thiét ké nghién ciru

Ba nhom cau hoi chinh duge xac dinh trong nghién ctru nay, bao gom: (1) C6 thé chia khach hang
thanh nhimg phan khiic nao dwa trén dit liéu giao dich? (2) Xay dung chién lugc marketing phu hop
véi tiing nhém nhu thé nao? (3) Xac dinh thuat toan phén cum tdi wu trén tap dir liéu thyc nghiém?
Nghién ciru nay dugc thiét ké theo quy trinh CRISP-DM véi 6 bude dé xudt nhu Hinh 1 nhim tim
cau tra 10i.

Thu thip
Mo ta dir liéu

™
[ Lam sach, xir ly

Dé xuit giai phap
Trién khai mo hinh

1

Chi s6 dinh hrgng
Panh gia mo hinh

Dir liéu

Online

Chuyén ddi dir liéu

Thiét 1ap muc tiéu
Thiét ké nghién ciru
=~

M6 hinh héa dir liéu

Hinh 1. Quy trinh thuc hi¢n nghién ctu
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3.2. Thu thdp va mé ta dir liéu

Tap dit liéu Online Retail (Chen, 2015) dugc thu thap tir mot nha ban 1¢ tryc tuyén tai Vuong qudc
Anh, gdm 541.909 giao dich tir ngay 01/12/2010 dén 09/12/2011. Dit lidu nay dugc liy tir UCI
Machine Learning Repository, 1 noi cung cip dit lidu uy tin c6 ching thuc, va 1a mot ngudn chuan
tham chiéu trong linh vy khai phé dit liéu ban 1é.

Moi ban ghi chtra thong tin vé& ma hoa don, san phém, ) lwong, don gia, thoi diém giao dich,
khach hang va qudc gia. Phan 16n giao dich (trén 91%) dén tir Vuong qubc Anh, véi 4.372 khach
hang, nhung c6 dén 24,93% ban ghi thiéu ID khach hang, anh huong dén viée xac dinh hanh vi timg
c4 nhan. Ngoai ra, dit liéu ciing bao gém 1,71% giao dich huy; 0,97% dit liéu tring lap; 1,96% di
liéu vé s lugng c6 gid tri am; 0,46% ban ghi don gia co gia tri bang 0 va don gia bat thuong, cho
théy su ton tai cua dit lidu khong hop 1€ va ngoai lai. Pac trung ctia tap dir liéu nghién ctru duoc téng
hop trong Bang 1.

Bang 1.
Bang téng hop thudc tinh cta dit liéu Online Retail
Thudc tinh Y nghia Kiéu dit liéu Ghi chu
InvoiceNo Ma dinh danh duy nhit cho ~ Chudi Bit diu bang "C" néu 1a giao dich
mdi giao dich huy, tinh Frequency trong RFM.
StockCode M3 dinh danh duy nhét cho  Chudi C6 ma dac biét nhu "POST", it lién
mdi san pham quan dén RFM.
Description M ta san phdm dwoc mua  Chudi C6 0,27% gi4 tri thiéu, khong nhét

quan, it lién quan RFM.

Quantity S6 lwong san phim trong S6 nguyén Gid tri 4m biéu thi tra hang, cin xur
giao dich ly dé tinh Monetary trong RFM.

InvoiceDate Thoi gian thuce hién giao Ngay gid Chi tiét dén phut, ding dé tinh
dich Recency trong RFM.

UnitPrice Gia mdi don vi san phdm S6 thuc C6 gia tri am (11 hodc diéu chinh),
(bang Anh) dung dé tinh Monetary trong RFM.

CustomerID Mi dinh danh duy nhét cho  Chudi Thiéu 24,93%, can thiét dé x4c dinh
md&i khach hang khach hang trong RFM.

Country Qubc gia Chubi Phan b khong déu (UK chiém

91,43%), it lién quan dén RFM.

3.3, Lam sach, xit Iy va chuyén doi dir liéu

Céc diém dir liéu duoc loai bé bao gdm: ban ghi thiéu CustomerID vi khong thé xé4c dinh duogc
khach hang; ban ghi tring 1ap, dé dam bao tinh duy nhét ciia timg giao dich; cac ban ghi c6 gié tri
Quantity 4m, UnitPrice bang 0 hoic giao dich bi huy, nhim phan 4nh dung hanh vi mua sim thue té.
Dit liéu nhidu va khong nhat quan nhu mo ta san pham sai léch, ma san pham khong chuén, hodc mot
StockCode turong tng nhidu mé ta khac nhau ciing dwoc loai bo, giup don gian hoa tap dit liéu va
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tranh anh huong dén qua trinh huan luyén mo hinh. Vi cac gia tri Quantity va UnitPrice qua 1on,
chung dugc gidi han bang k§y thuat ngudng (Capping) theo gia tri IQR, giam anh hudng tiéu cuc dén
chi s6 Monetary trong RFM.

Thuc hién chuyén d6i Logarit khic phuc hién tuong phan phdi léch vdi cac bién Quantity,
UnitPrice va TotalPrice va dit liéu RFM vé& gan v6i phan phdi chuan. Viée tao ra cac bién log cai thién
dang ké d¢ léch, tir d6 tang hiéu qua khi ap dung céc thuat toan hoc may.

Viéc tinh cic chi sé RFM dugc thuc hién nhu sau: (1) Recency (R) = Ngay hién tai - Ngay mua
gan nhit (dva trén InvoiceDate, voi ngay hién tai 1a ngdy cudi cing trong tap dit liéu: 09/12/2011);
(2) Frequency (F) = S lugng hoa don duy nhat (InvoiceNo) ctia mdi khach hang (CustomerID); (3)
Monetary (M) = Tdng gia tri giao dich = Sum(Quantity * UnitPrice) cho mdi khach hang. Vi dy, mot
khach hang v&i 1an mua cubi ciing cach 10 ngay, 5 héa don, va tong chi 1000 GBP s& c6 RFM = (10,
5, 1000). Cac chi s nay sau d6 dugc chudn hoéa bang Logarit va StandardScaler dé giam léch
phan phdi.

3.4. Mo hinh hoa dit liéu

Sau thuat toan phan cum (K-Means, Spectral Clustering, Mean Shift, GMM, DBSCAN, FCM)
duogc thye nghiém trén tap dir liéu Online Retail da xir 1y trude d6. Cac thuat toan duoc lya chon dai
dién cho nhiéu phuong phap phan tich hanh vi khach hang khac nhau: tir phan cym cing nhu K-
Means, DBSCAN dén phan cum mém nhu FCM, ciing nhu cac phuong phap phi hop véi dit lidu
tuyén tinh va phi tuyén tinh. Cac thuat toan yéu cau xac dinh sé cum trudc (K-Means, Spectral
Clustering, GMM, FCM) duoc téi uu hoa véi K = 4 dya trén phuong phap Elbow va céc chi sé danh
gia nhu Silhouette Score, trong khi Mean Shift va DBSCAN xac dinh sb6 cum tu dong dua trén mat
do dix lidu.

3.5. Chisé dinh heong va danh gié mé hinh

Giai doan danh gia mo hinh phai dap timg dugc ca yéu td ki thuat 1an gia tri kinh doanh, dong thoi
dam bao tinh bén vimg va kha ning mé rong trong tuong lai. Két qua danh gia dua trén: cac chi sb
danh gia chét lwong cum nhu: Silhouette Score, Davies-Bouldin Index, Calinski-Harabasz Index,
Dunn Index; va murc d6 dap mg muc ti€u kinh doanh nhu phan khiic khach hang thanh cac nhéom co
y nghia.

3.6. Dé xudt giai phdp va trién khai mé hinh

Két qua huén luyén va danh gia mé hinh cho thidy K-Means 1a Iya chon t6i wu, tap dit liéu thuc
nghiém duoc chia thanh 4 cum rd rang. Mdi cum phan anh dic diém hanh vi mua sim khac nhau
thong qua céac chi s6 REM. Cu thé, cum 0 (Lost Customers) 1a tap khach hang c6 thoi gian mua gin
nhét cach xa, it giao dich va tong chi tiéu thap; cum 1 (Loyal Customers) véi tan suat mua on dinh,
chi tiéu kha, thoi gian mua gin déy co6 gia tri trung binh; cum 2 (Potential Customers), tap khach hang
méi hodc mua gan ddy nhung chua thuong xuyén, chi tiéu trung binh; cum 3 (Best Customers) 14
nhitng ngudi mua thudng xuyén, gin day va chi tiéu nhidu nhit. Sau khi dién giai va dat tén ting
cum, mdi khach hang duoc gan mot nhan cu thé nhu Lost, Best, Loyal hoac Potential Customers. Dt
liéu nay duoc luu trlt va tich hop vao hé théng CRM, sén sang cho cac chién dich marketing ty dong
(Bang 2).
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Viéc gan nhan cac nhom khach hang dua trén gia tri trung binh RFM va muc tiéu kinh doanh:
Cum 0 (Lost Customers) v&i R cao (189,73 ngay), F thip (1,22), M thip (220,27 GBP) - dugc gan
nhan vi hanh vi r6i bo; cum 1 (Loyal Customers) v6i R trung binh (89,35 ngay), F trung binh (3,37),
M kha (1009,38 GBP) - dugc gan nhin vi trung thanh 6n dinh; cum 2 (Potential Customers) véi R
thap (20,34 ngay), F thap (1,92), M trung binh (373,92 GBP) - duoc gan nhin vi tiém niang méi; cum
3 (Best Customers) v6i R thip (15,39 ngay), F cao (11,23), M cao (3525,25 GBP) - dugc gan nhan vi
gia tri cao nhét. Co s& nay két hop dinh lugng (RFM) va dinh tinh (dién giai kinh doanh), phii hop
v6i cac chién luoc va muc tiéu marketing va kinh doanh cua doanh nghiép.

Bang 2.

Bang tong hop dién giai, phan loai, dat tén va dan nhén

Cum  Recency Frequency Monetary Ty 1& Tén cum Dién giai kinh doanh
(Ngay) (Pon hang) (GBP)

0 189,73 1,22 220,27 ~33% Lost Khéch hang roi bd. Lau khong
Customers mua, tan sudt rat thép, chi tiéu

thép.
1 89,35 3,37 1.009,38 ~26% Loyal Khéch hang trung thanh. Mua

Customers  hang 1in gin nhit cach day
khoang (3 thang), tin suit trung
binh, chi tiéu kha.

2 20,34 1,92 373,92 ~18% Potential Khéch hang tiém nang. Mua

Customers  hang gin day (20 ngay) tan suit
thép, chi tiéu trung binh.

3 15,39 11,23 3.52525  ~23% Best Khéch hang gia tri. Mua rat gin
Customers  day (15 ngay), tAn suét cao, chi
ti€u cao.

4. Két qua nghién ctru va thao luan

4.1, Két qua tién xit Iy va chuyén doi dir liéu

Két qua sau qua trinh 1am sach, tur tdp dit li€u Online Retail ban déu, di c6 352.746 giao dich dugc
tién xtr 1y tao ra bo dit liéu RFM gdm 4.319 khach hang, mdi khach hang c6 ba chi s6 RFM. Cac bién
RFM duoc kiém tra dé xac dinh gi4 tri ngoai lai bang phuong phap IQR. Nhing khach hang c6 chi
s6 qué 16n (mua hang qua thuong xuyén hodc chi tiéu rit cao) — cac gid tri ngoai lai — s& duge xtr Iy
bang k¥ thuat gioi han dé tranh anh huong xau dén két qua mo hinh. Cudi ciing, dé giam thiéu do léch
va dam bao cac bién c6 cung thang do, két qua chuyén ddi Logarit dwoc chuén hoa bang cong cu
StandardScaler (trung binh: 0, d¢ 1éch chuan: 1) (Hinh 2).
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Hinh 2. Biéu d6 Histogram va Boxplot biéu dién két qua trudc va sau khi chudn hoa dit liéu bang
phuong phap StandardScaler

4.2, Két qua hudn luyén va danh gia mé hinh

Hiéu suit cia cac thuét toan duoc danh gia bang cac chi sé do luong (Bang 3) nhu: Silhouette

Score, Davies-Bouldin Index, Calinski-Harabasz Index, Dunn Index.
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Bang 3.
Bang tong hop danh gia chat lwong phan cum
Thuat toan Sé Silhouette Davies Calinski Dunn  Nhan xét
cum Score Bouldin Harabasz Index
Index Index
K-Means 4 0,343 1,011 3.596,578 0,005  Tach biét tbt, chit luong
cao, phu hop muc tiéu kinh
doanh.
Spectral 4 0,016 1,435 1.616,374 0,012  Kém tich biét, khé dién giai
Clustering vé& mit kinh doanh.
Mean Shift 1 - - - - Khong phan doan hi¢u qua,
khong phu hop.
GMM 4 0,269 1,180 2.587,816 0,005 Tuong tu K-Means nhung

kém tach biét.
DBSCAN 2 0,324 1,014 2.803,268 0,124 [t cum, thidu cac nhom quan
trong, khong ddy di.

FCM 4 0,316 1,092 3.495,526 0,003  Tach biét tot, hd tro phan
cum mém, nhung kém K-
Means vé dién giai don gian.

Cu thé, Silhouette Score ciia K-Means (0,343) cao hon FCM (0,316) khoang 8,5% va GMM
(0,269) khoang 27,5%, cho thdy d6 gén két ndi cum va tach biét lién cum t5t hon, phu hop véi dir liéu
RFM di chuan hoa. Davies-Bouldin Index thap nhat (1,011) so v&i Spectral Clustering (1,435) va
GMM (1,180) ching to ty 1é twong ddng giira cac cum thap, giam thiéu chong lap. Calinski-Harabasz
Index cao nhat (3.596,578) phan 4anh phan tan giita cum 16n hon phan tan ndi cum, 1y tuéng cho phan
khtic khach hang da dang. Dunn Index (0,005) tuy khong cao nhat (DBSCAN: 0,124), nhung két hop
v6i s6 cum t6i wu (4 cum) dam béo tinh thyc tién, trong khi Mean Shift chi tao 1 cum va DBSCAN
chi 2 cum, khéng dap g yéu ciu kinh doanh. Tong thé, K-Means vuot troi vé can bang giita chat
luong k¥ thuat va kha ning dién giai kinh doanh, hd trg trién khai CRM hiéu qua.

Viée xir Iy cac gia tri ngoai lai (Outliers) bang ky thuat ngudng (Capping) dua trén khoang tir phan
vi (IQR) da tac dong tich cuc dén két qua phan tich tong thé, nang cao chit lvong phan cum thong
qua viéc giam nhiéu va d¢ léch cua dir liéu. Cu thé, trudce khi xur 1y, dir liéu chira cac gia tri ngoai lai
vé chi tiéu va tan suat mua sim, gy ra phan phdi 1éch cao, lam giam do tach biét va ddng nhat cua
cac cum, tir @6 anh hudng dén hiéu suit ciia cac thuat toan phan cum. Sau khi 4p dung k¥ thuat
Capping IQR dé gidi han céc gia tri bat thudng trong cac chi s RFM, két hop vé6i chuén hoa dit liéu
béng StandardScaler, chét lugng phén cum duoc cai thién dang ké, voi Silhouette Score cua thuat
toan K-Means dat 0,343 (Bang 3). Diéu nay phan anh su gia ting trong do tach biét giira cac cum va
tinh dong nhat trong mdi cum, dam bao bén phan khuc khich hang (Best Customers, Loyal
Customers, Potential Customers, Lost Customers) dugc xac dinh rd rang va c6 y nghia kinh doanh
cao. Qua trinh xtr 1y outliers khong chi loai bé nhiéu tir cic giao dich khong dién hinh ma con bao
toan cac dic diém hanh vi mua sém quan trong, duy tri tinh dai dién cua dir liéu. Két qua nay khing
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dinh vai trd quan trong cua viéc tién xu ly dit li€u trong viéc nang cao d¢ chinh xac va gia tri thuc
tién ciia phan cum, phu hop véi muc ti€u kinh doanh va céc tiéu chuan phan tich dit liéu quoc te.

4.3, Truc quan héa két qua phin cum

Két qua phan cum bing cac thudt toan K-Means, Spectral Clustering, Mean Shift, GMM,

DBSCAN, FCM trén dit li¢u thuc nghiém dugc tryc quan hoa (Hinh 3).

Bifu & phin tan 30 cia kit gui phan cwm thea thudt taan KMeans €1 Bifu 06 phin tan 30 cua két-qua phin cym theo thudt toan SpectralClustenng ©
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Hinh 3. Biéu do phan tan 3D minh hoa két qua phan cum bang céc thuét toan K-Means, Spectral
Clustering, MeanShift, GMM, DBSCAN, FCM trén dir liéu RFM

Pap g muc tiéu kinh doanh (Bang 4), K-Means phan cum khach hang thanh bon nhém 13 rang
tuong Gtng véi hanh vi va gia tri cu thé, hd tro tdt cho céc chién luge marketing nhu wu dai, gitr chan
khach hang, hodc tai kich hoat. FCM cling phan nhéom tuong ty va phu hop véi hanh vi khach hang
ch6ng lép, nhung kho trién khai hon. Cac thuat toan con lai hodc khong di cuym (Mean Shift,
DBSCAN) hodc tao ra cac cum khong r6 rang (Spectral Clustering, GMM).

Cu thé, cc cum tir K-Means c6 phan bd ty 1& hop 1y (~33% Lost, ~26% Loyal, ~18% Potential,
~23% Best) (Bang 2), phan anh cdu tric dit liéu thyc t& va d& dang gén v6i chién luge marketing (vi
du: uu tién Best Customers v6i Monetary trung binh 3.525,25 GBP). Nguoc lai, Spectral Clustering
tao cum chdng 1ap (Silhouette Score chi 0,016), dan dén din giai kinh doanh phtrc tap; Mean Shift
va DBSCAN thiéu da dang cum, khong hd trg phan khuc toan dién nhu yéu cau ctia mo hinh REM.

Bang 4.
Béng tong hop danh gi4 dya trén muc tiéu kinh doanh
Thuattoan  Cum Gid tri trung binh Dién giai kinh doanh Phu hop
muc tiéu
R F M
Recency Frequency Monetary
(Ngay) (Pon hang) (GBP)
K-Means 0 189,73 1,22 220,27 Lost Customers Phu hop,
han biét 10
1 89,35 3,37 1.009,38 Loyal Customers P o0 DI€HIO
4 nhom.
2 20,34 1,92 373,92 Potential Customers
3 15,39 11,23 3.525,25 Best Customers
0 99,44 2,02 505,24 At Risk
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Spectral 1 153,22 1,00 262,93 Lost Customers Phuc tap,
Clustering 2 42,49 5,82 1.452,91 Loyal Customers ~ 1neunhom
quan trong.
3 9,00 11,00 2.783,28 Best Customers
Mean Shift 0 91,39 3,46 868,52 At Risk Khong phu
hop, chi co
1 cum.
GMM 0 153,26 1,00 263,75 Lost Customers Phu hop
. nhung kém
1 98,20 3,28 835,16 At Risk . .
tach biét so
2 15,67 2,70 618,86 Loyal Customers v6i K-
Means.
3 22,66 8,79 2.210,12 Best Customers
DBSCAN 0 153,45 1,00 264,06 Lost Customers Khong phu
hop, thiéu
1 58,24 4,77 1.197,61 Loyal Customers ,
nhom.
FCM 0 217,16 1,29 244,10 Lost Customers Phu hop, hd
tro phan
1 12,62 8,31 2.101,64 Best Customers N
cum mém.
2 39,71 1,53 314,93 Potential Customers
3 65,85 3,81 1.085,86 Loyal Customers

Chii thich: Ty 1& phan b6 dugc trinh bay chi tiét cho K-Means trong Bang 2, vi dy la thudt toan t6i wu; Bang 4 tap trung vao
so sanh gia tri RFM va dién giai kinh doanh cua 6 thuat toan.

4.4. Thao ludn

Béng 3 cung cap so sanh hiéu sudt dinh luong cia K-Means véi cac thuat toan khac, cung ¢d 1y
do K-Means 1 Iya chon t6i wu. Cu thé, K-Means dat Silhouette Score cao nhét (0,343), vuot troi hon
FCM (0,316) khoang 8,5% va GMM (0,269) khoang 27,5%, phan anh d6 gén Kkét ndi cum va tach biét
lién cum t6t hon, phu hop véi dit liéu RFM da chuén hoa. Davies-Bouldin Index thap nhét (1,011) so
v6i Spectral Clustering (1,435) va GMM (1,180) chung t6 ty 1¢ twong dong giita cic cum thap, giam
thiéu chdng lap. Calinski-Harabasz Index cao nhit (3.596,578) phan anh phén tan giita cum 16n hon
phén tan ndi cum, ly tudng cho phan khic khach hang da dang. Dunn Index (0,005) tuy khong cao
nhit (DBSCAN: 0,124), nhung két hop véi sé cum tdi wru (4 cum) dam bao tinh thuc tién, trong khi
Mean Shift chi tao 1 cum va DBSCAN chi 2 cum, khong dap tig yéu cau phan doan ky thuat. Két
qua nay khing dinh kha niang cua K-Means trong viéc dap tmg muc tiéu nghién ctru, dic biét trong
khai pha dir liéu ban 1¢ truc tuyén.

Két qua thuc nghiém cua bai bao chig minh rang cach tiép can da chiéu vdi sau thudt toan phan
cum (K-Means, Spectral Clustering, Mean Shift, GMM, DBSCAN, FCM) va bén chi s danh gia
(Silhouette Score, Davies-Bouldin, Calinski-Harabasz, Dunn Index) cung cép cai nhin toan dién vé
chét luong phan cum trén dir liéu Online Retail. Cu thé, K-Means dat Silhouette Score 0,343 voi bdn
cum 10 rang (Bang 3), phan anh hanh vi khach hang da dang va phu hop véi muc tiéu kinh doanh nhu
ca nhan hoa marketing. Cach tiép can nay khéc phuc han ché cua cac phuong phap don 16 béng cach
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danh gia da chiéu, tir d6 tang tinh tng dung thyc tién khi tich hop vao hé thong CRM, hd trg t6i uu
hoa chién lugc giit chan khach hang va nang cao doanh thu.

Vi két qua nghién ciru 1a khai thac mo hinh REM va phan loai khach hang thanh bén nhom: Best
Customers (23%), Loyal Customers (26%), Potential Customers (18%) va Lost Customers (33%),
dua trén dir li¢u thyc nghiém (Bang 2; Hinh 4), dugc ung dung dé dé xuét chién luge marketing ca
nhén héa cho thi trudng ban 1€ truc tuyén Viét Nam, nganh dugc du bao dat 144,9 ty USD vao nam
2032 véi toc d6 ting truong kép hang nam (CAGR) 18,9% trong giai doan 2025-2032 (Verified
Market Research, 2025). Cu thé, Best Customers, chiém ty 1¢ khoang 23% va uéc tinh dong gop
khoang 33,3 ty USD, phii hgp véi cac chuong trinh wu dii VIP, quyén loi doc quyén va trai nghiém
mua sam cao cap trén Shopee, Lazada. Loyal Customers, chiém ty 1¢ khoang 26% va udc tinh dong
g6p khoang 37,7 ty USD, nén duoc duy tri va mé rong qua chuong trinh tich diém, ban chéo san
pham, goi vu dai theo mua vu va cac chién dich tro choi héa dé khuyén khich mua lap lai. Potential
Customers, chiém ty 18 khoang 18% va wdc tinh dong gép khoang 26,1 ty USD, can nhim muc tiéu
qua quang c4o ca nhan héa trén Facebook va TikTok (hai nén tang chiém 70% luu lwong thwong mai
dién tir tai Viét Nam), két hop wu dai dung thir va remarketing. Lost Customers, chiém ty 18 khoang
33% va udc tinh dong gop khoang 47,8 ty USD, nén dugc tai kich hoat thong qua khao sat nguyén
nhén 101 bo, chién dich hoan tién, vu dai manh vao dip cao diém nhu 11.11 hodc Tét Nguyén dan,
nham giam ty 1& rdi bo, qua d6 tiét kiém chi phi marketing va tang doanh thu dong gop that su. Cac
g dung marketing rut ra tir dé tai nay phu hop véi bbi canh Viét Nam, noi thuong mai dién tir phat
trién nhanh va canh tranh manh. Doanh nghiép c6 thé: (1) Xay dung chién luoc phan bd ngén sach
marketing theo gi4 tri khach hang thay vi phan bd dong déu; (2) phat trién cong cu ca nhan hoa noi
dung dua trén dit liéu RFM va hanh vi mua sam; (3) ap dung tu dong hoa tiép thi qua email, SMS va
chatbot dé duy tri twong tac lién tuc; (4) trién khai chién dich da kénh két hop online - offline, dic
biét trong dip khuyén mai 16n; va (5) str dung thir nghiém A/B dé t6i uu thong diép, hinh anh va kénh
truyén thong cho timg phan khiic. Luu ¥ rdng cac s liéu thi truong va doanh thu tiém ning cua cac
phan khiic khach hang trong nghién ciru nay déu dugc udc lugng va phong chiéu dya trén bao cao
nganh, ty 1& phan khiic RFM tir dit liéu thuc nghiém, cing véi gia dinh vé mirc ting truéng va hanh
vi tiéu dung trong bdi canh Viét Nam. Do d6, khi ap dung vao thuc tién, cac doanh nghiép can két
hop thém dit liéu CRM dia phuong, két qua thir nghiém A/B va theo ddi phan tng thi trudng dé didu
chinh chién Iugc cho phu hop.

Gid br) Manetany trang bink Eheo che phbn khic kihdch hang Gl tr Frequency trung bink theo cac phin khic kkdch bdng
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5. Két ludn va huéng phat trién

Nghién ctru di chimg minh ring mé hinh REM két hop véi thudt toan phan cum 1a mot phwong
phap hiéu qua dé phan khiic khach hang trong linh vuc ban 1é truc tuyén. Dya trén dit liéu giao dich
cua khach hang tir tdp dir liéu Online Retail, mé hinh RFM duoc xay dung tir ba chi $6: Recency,
Frequency va Monetary, thé hién rd hanh vi mua sim ctia timg khach hang. Sau khi chuan hoa dir liéu
va ap dung 6 thuat toan phan cum, Kkét qua cho théy thuat toan K-Means vuot troi nhét véi cac chi sb
chat lugng phan cum dan dau va kha ning tao ra bén nhém khach hang c6 y nghia kinh doanh rd rang:
Best Customers, Loyal Customers, Potential Customers va Lost Customers.

Két qua thyc nghiém da giai d4p toan dién cac cau hoi va myc tiéu nghién ciru, ddng thoi dap img
dugc ca yéu t6 k¥ thuat 1an gia tri kinh doanh. Cac phan khac khach hang thu dugc tich hgp vao hé
thong CRM, 1am co s¢ d& xuat cac chién luge marketing ca nhan hoa. Nhimg chién luoc nay khong
chi hd trg doanh nghiép nang cao hiéu qua quan Iy quan hé khach hang va ti uu hoéa hoat dong
marketing, ma con gop phan gia tang doanh thu, ning cao ning lyc céng nghé va cung cd loi thé canh
tranh trong bdi canh chuyén doi sé hién nay.
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Nghién ctru nay cung cip nhitng dong gop thiét thuc, dic biét trong viéc ing dung phan khiic
khach hang vao thuc tién nganh ban 1¢ truc tuyén tai Viét Nam, noi thi truong dang phat trién manh
mé& nhung con thiéu cac giai phap dua trén dit liéu hiéu qua. Két qua nghién ctru xac dinh bon phan
khiic khach hang 6 rang: Best Customers (nhom gié tri cao v6i tan sut mua sim thuong xuyén va
chi tiéu 16n), Loyal Customers (nhom trung thanh véi tan suat on dinh va chi tiéu kha), Potential
Customers (nhom tiém ning véi hanh vi mua méi nhung chua thuong xuyén), va Lost Customers
(nhém 101 bo vai tan suat va chi tiéu thap). Cac phan khiic nay, duoc xay dung tir dit liéu thuc nghiém,
¢6 thé duoc tich hop vao hé thong CRM dé trién khai cac chién luoc marketing c4 nhan hoa, dic biét
phti hop véi bdi canh Viét Nam, noi thi truong thuong mai dién tir du kién dat quy mo dang ké trong
vai nam téi. Cu thé, doanh nghiép c6 thé 4p dung chwong trinh tri 4n va uu dai doc quyén cho Best
Customers dé duy tri doanh thu cao trén cac nén tang nhu Tiki, Shopee hoic Lazada; trién khai chién
luoc ban chéo va tich diém cho Loyal Customers dé gia ting gi4 tri vong doi khach hang; sir dung
quang cdo nhim muyc tiéu va email marketing dé nudi dudng Potential Customers, tan dung xu huéng
tiéu dung truc tuyén tré hoa; va ap dung cac bién phap tai kich hoat chon loc cho Lost Customers
thong qua khao sat phan hoi hodc uu dai dic biét dé giam ty 18 roi bo, mot thach thirc 16n trong moi
treong canh tranh khéc liét tai Viét Nam. Nhirng trng dung nay khong chi tdi wu hoa nguén Iwc va
tang cuong doanh thu tiém ning ma con cung cd loi thé canh tranh, ddc biét trong bdi canh chuyén
d6i s6 qudc gia, noi cac chinh sach hd trg doanh nghiép nho va vira dang thuc day viéc ap dung cong
nghé dir liéu tién tién.

Mac du b dir liéu Online Retail giai doan 2010-2011 da dugc st dung trong nhiéu nghién ctru
true (Chen va cong su, 2012), va hanh vi khach hang truc tuyén da thay ddi dang ké dén nam 2025
(do su phét trién cta thuong mai dién tir di dong va AI), két qua van co gia tri 1y thuyét nhu mot chuén
tham chiéu dé so sanh thuat toan. Tuy nhién, diéu nay c6 thé giam tinh lién quan tng dung truc tiép.
Do d6, nghién ctru dé xuat mo rong voi dir liéu méi hon tir cac nén tang thuong mai dién tir Vi€t Nam
dé tang tinh thuyét phuc cho quan tri marketing hién dai.
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