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LOI CAM ON

Loi dau tién, em xin bay to 10ng biét on sau sic va chan thanh nhit téi Quy
Thay, C6 gi4o — nhitng ngudi da tryc tiép tham gia giang day va truyén dat kién thirc
trong suét qua trinh em hoc tap tai Hoc vién Cong nghé Buu chinh Vién thong, dic
biét 1a cac Thay, Co thudc Khoa Cong nghé Thong tin 1 va Khoa Pao tao sau dai hoc.
Nhitng kién thirc nén tang va chuy@n sau ma Thay, Cb trang bj 1a yéu t6 tién quyét
gitp em c6 thé thyuc hién cong trinh nghién cau nay.

Dic biét, em xin gui 10i tri &n sdu sac nhét toi Tién si Nguyén Duy Phuong,
nguoi da nhan 1oi huéng dan cho em. Thay khong chi dinh huéng cho em mot dé tai
nghién ciru c6 y nghia khoa hoc va thyc tién, ma con danh nhiéu thoi gian, tam huyét
dé tan tinh huéng dan, chi bao, dong hanh va tao moi diéu kién thuan loi trong sudt
quéa trinh em thuc hién dé an. Su hd trg chuy@n mén sau siac va nhitng 10i khuyén quy
bau cua Thay 1a dong luc va kim chi nam giup em hoan thanh dé an nay.

Em ciing xin gui 161 cam on t6i gia dinh, ban bé va déng nghiép da ludn dong
vién, khich I va chia sé khé khan, tao diéu kién tét nhat dé em tap trung hoan thanh
chuong trinh hoc tap va nghién ctu cua minh.

Em di nd lyc hét stc, 1am viéc nghiém tic va van dung nhitng kién thuc,
phuong phap luan da dugc hoc dé hoan thanh dé an. Tuy nhién, do con han ché vé
kinh nghiém nghién ctu ciing nhu giéi han vé mat thoi gian, dé an chac chin khéng
thé tranh khoi nhitng thiéu s6t va han ché.

Kinh mong Quy Thay, C6 déng gop nhitng y kién quy bao dé dé an cua em
duoc hoan thién hon nira.

Em xin trén trong cam on!
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MO DAU
1. Ly do chon dé tai

Trong giai doan nganh tai chinh — ngan hang day manh chuyén d6i sb, nhu cau
ca nhan hoa dich vu va téi wu héa trai nghiém khach hang ngay cang tré nén quan
trong va khdng thé thiéu. Ngay nay, cac ngan hang khong chi ding lai & nhitng san
pham truyén thong nhu tién giri hay vay tiéu dung, ma con mé réng sang cac dich vu
da kénh, ngan hang s6 va nhiéu giai phap tai chinh phic tap. Chinh su da dang nay
khién khach hang — nhat la nhitng khach hang thiéu hiéu biét vé tai chinh — gap nhiéu
kho khan trong viéc lya chon san pham phi hop vai nhu cau cua ban than.

Bén canh d6, cac hé thdng khuyén nghi ngay cang khang dinh vai trd quan
trong trong viéc phan tich hanh vi, hiéu nhu cau va cung cap cac dé xuat mang tinh
cé nhan hoa cho ngudi ding. Mot s6 nghién ctiu chi ra rang cac phuong phap loc theo
noi dung (Content — based Filtering) va loc cong tac (Collaborative Filtering) dat hi¢u
qua cao trong viéc du doan s thich caa khach hang [3], [4], [5], [7]. Ngoai ra, cac hé
théng lai (Hybrid Recommender Systems) cho thay kha nang khic phuc han ché cua
tung phuong phap don 1€, tir d6 cai thién do chinh xac va muc d6 bao pha. Cac mo
hinh nay dic biét hiéu qua trong nhiéu linh vuc, trong d6 ¢ tai chinh — ngan hang
[6], [8].

Song song vai do, hé chuyén gia dua trén luat (Rule — based Expert System)
van gitr vai tro quan trong trong nhitng bai toan doi hoi kha ning giai thich rd rang
va minh bach trong qua trinh dwa ra quyét dinh, dic biét trong nhitng hé théng ma
nghiép vu dugc quy dinh bang céc quy tac chat ché nhu linh vuc ngan hang. Viéc két
hop gitta md hinh khuyén nghi hién dai va co ché suy dién dya trén luat gilp tao ra
giai phap vira dap tng nhu cau theo ting khach hang, vira dam bao tinh minh bach —
yéu t6 thiét yéu trong dich vu tai chinh.

Dua trén cac yéu cau thuc té va dinh huéng nghién ciru da duoc phan tich, dé
tai “Xay dung hé khuyén nghi hd trg khach hang sir dung céc dich vy ngan hang”
duoc lya chon véi myc tiéu phat trién mot hé théng goi v thong minh, gilp nguoi

dung nhanh chong xac dinh dugc san pham phu hop, dong thoi hd trg ngan hang téi



wu hoa viéc cung tng dich vu va diy manh qua trinh chuyén déi sb trong cong tac
chdm soc khach hang.

Dé trinh bay noi dung mét cach hé théng, khoa hoc va nhit quan, dé an dugc
t6 chirc thanh ba chuong chinh nhu sau:

Chuwong 1: Gigi thiéu vé hé khuyén nghi

Chuong nay trinh bay co sd ly thuyét vé hé khuyén nghi, bao gom khai niém,
phan loai, ciu tric hé thdng, cling tong quan vé dich vy ngan hang va hanh vi nguoi
ding, 1am nén tang cho cac chuong tiép theo.

Chuwong 2: Hé khuyén nghi céc dich vu ngan hang

Chuong nay tap trung phan tich dir liéu nguoi dung, xac dinh yéu cau, thiét ké
kién trdc va lua chon phuong phap du doan dé xay dyng mé hinh hé khuyén nghi cho
dich vu ngan hang.

Chwong 3: Xay dwng wng dung

Chuong ndy mé ta qua trinh trién khai hé khuyén nghi thanh ung dung thuc
nghiém, bao gom xir Iy dir liéu, tich hop mé hinh du doan, xay dung giao dién va
danh gia hiéu qua caa hé théng.
2. Tong quan vé van dé nghién ciru

Hé khuyén nghi (Recommender Systems) la mét linh vic quan trong trong
TTNT, md phong cach con nguoi phan tich théng tin, danh gia lya chon va dua ra
quyét dinh. Trong nganh tai chinh — ngan hang, hé khuyén nghi duoc trién khai nham
hd tro khach hang san pham phl hop vai nhu cau riéng, gop phan nang cao hiéu qua
sur dung dich vu va cai thién trai nghiém cling nhu mire d6 hai long cua ho.

V& mit ki thuat, ba hudng tiép can chinh thudng dugc ap dung trong xay dung
hé khuyén nghi bao gom:

e Héthdng dua trén luat (Rule — based Systems): hoat dong dua trén tap quy tic
IF — THEN, dé dién giai va phu hop cac nghiép vu co tinh quy dinh cao.
e Hé thdng khuyén nghi dua trén dir liéu (Recommendation Systems): st dung
mé hinh hoc may nhu Content — based Filtering va Collabrative Filtering nham

nhan dién sé thich va nhu cau cia nguoi dung.



e M0 hinh khuyén nghi lai (Hybrid): két hop cac uu diém cua hai hudng trén
nham cai thién chat luong goi ¥ va kha niang dap tng nhu cau ¢ nhan [6], [8].
Trong bdi canh ngan hang hién dai, viéc phat trién mot md hinh tich hop gitta
hé luat va hé khuyén nghi dugc xem 1a huéng tiép can hta hen. Hé théng nhu vay
khong chi c6 nang luc xir ly, danh gia théng tin caa khach hang, cung cap goi y phu
hop, ma con dam bao kha ning giai thich — yéu tb giit vai tro trong yéu trong linh vyuc
tai chinh von yéu cau tinh minh bach cao. Pay chinh 12 ndi dung nghién cttu chi dao
cua dé tai.
3. Muc dich nghién ctru

Muc tiéu téng quét cua dé tai la phat trién mot mé hinh khuyén nghi nham h
trg khach hang c& nhan trong viéc lya chon dich vu ngan hang pht hop nhat véi nhu
cau va kha nang tai chinh caa ho. Cac muc tiéu chi tiét bao gom:
e Nghién cru va phan tich hanh vi, nhu cau cua khach hang dwa trén dit liéu mo
phong, tir 46 xac dinh céac yéu té quyét dinh anh huong dén lya chon dich vu
tai chinh.
e Thiét k& mé hinh khuyén nghi lai két hop gitra hé luat va cac ky thuat CBF/CF
nham hiéu va phan tich dix liéu dau vao cua khach hang, dua ra cac goi y dich
vu ca nhan hoa, giai thich rd rang ly do caa tirng khuyén nghi.
e Xay dung nguyén mau hé théng khuyén nghi dya trén Python va Flask, dam
bao kha nang san sang tich hop trong méi trudng thuc té.
e Danh gia mo hinh thong qua cac kich ban thuc nghiém trén tap di liéu
synthetic (gia 1ap), do luong d6 chinh xac va tinh kha dung cua hé thong.
4. Poi twong va pham vi nghién ciru

Poi twong nghién ciru: cac khach hang ca nhan c6 nhu cau st dung dich vu
ngan hang va mé hinh hé khuyén nghi thdng minh hd tro ho dua ra quyét dinh sir
dung dich vu phu hop.

Pham vi nghién ciru tap trung vao khuyén nghi nhém dich vu tai chinh thiét
yéu nhu: mo tai khoan, gui tiét kiém, vay tiéu ding, thé tin dung, dau tu phd thong

(giri gop, ching chi quy) va ngan hang sé. Dt liéu st dung trong nghién ciru duoc



xay dung dang gia 1ap va hé théng duoc phat trién dudi hinh thic mo hinh thu

nghiém.

5. Phuong phap nghién cau

Pé bao dam hoan thanh cac muyc tiéu da xac dinh, dé an trién khai cac phuong

phap nghién ciru chu dao sau:

Phan tich tai liéu: thu thap va hé thong hda céc tai liéu nghién cau trong linh
vuc hé khuyén nghi, TTNT (Artificial Intelligence - Al) va nhitng tng dung
chu dao trong ngan hang.

Khao sat va phan tich dix liéu: Thiét ké bo di liéu gia Iap méd ta hanh vi va nhu
cau cua khach hang ca nhan, ¢ong thoi tién hanh phan tich nham xac dinh céc
dic trung chu chét phuc vu mé hinh khuyén nghi.

Thiét ké va xay dung mdhinh: Trién khai mé hinh hybrid két hop rule — based
va recommendation system. Rule — based system s& duoc thiét ké dua trén tap
luat dang IF — THEN, cac md hinh CBF va CF duoc trién khai bing thu vién
scikit - learn.

Phat trién hé thong nguyén mau: trién khai mot ung dung web bang cach sir
dung Python - Flask nam kiém chitng kha niang hoat dong ciia mé hinh khuyén
nghi.

Pénh gia mic d6 chinh xé&c va hiéu qua cia md hinh: tién hanh kiém tra md
hinh bang nhiéu kich ban, do luong bang céac chi s6 nhu MAE, RMSE, NDCG

nham phan anh hiéu suat hoat dong va kha nang goi y caa md hinh.



NQI DUNG
CHUONG 1: GIOI THIEU VE HE KHUYEN NGHI

Chuong nay gidi thiéu cac khai niém, co so ly thuyét va nhitng md hinh nén
tang lién quan dén hé théng khuyén nghi, hanh vi ctia nguoi tiéu ding tai chinh ciing
nhu cac tng dung cua hé khuyén nghi trong nganh ngan hang. Nhitng néi dung nay
dong vai trd 1am co so cho viéc thiét ké va phét trién hé thong & cac chuong tiép theo.
1.1. Téng quan vé hé khuyén nghi
1.1.1. Khai niém hé khuyén nghi

Hé khuyén nghi (Recommender System) 1a mét linh vuc quan trong thudc
TTNT (Artifical Intelligence) va KPDL (Data mining), duoc thiét ké dé hd tro nguoi
ding trong viéc ra quyét dinh bang cach cung cap cac dé xuat ca nhan hoa dua trén
hanh vi, s& thich va dic diém riéng cua ting nguoi [3], [4], [5]. Vé co ban, hé thdng
nay hoat dong nhu mot mé hinh du doan (predictive model), c6 nhiém vu xac dinh
murc d6 quan tdm cta nguoi dung d6i vai tirng san pham hoic dich vu cu thé dua trén
dir liéu lich st va bdi canh sir dung.

Hé thong van hanh bang cach thu thap va phan tich di liéu tir nhiéu nguon
khac nhau nhu: hd so ngudi ding (user profile), lich sir twong tac (interaction history),
chudi hanh vi (behavior sequence), phan héi truc tiép/gian tiép (explicit/implicit
feedback), va c4c thudc tinh mé ta san pham/dich vu [3]. Théng qua céc k thuat hoc
may (machine learning) va mé hinh thong k&, hé khuyén nghi ¢ kha ning hoc dugc
pattern va méi quan hé tiém an giira nguoi ding va san pham, tir d6 dua ra dy doan
vé muc d6 phu hop cua ting dich vu d6i véi nguoi dung cu thé [5].

Hién nay, hé théng khuyén nghi tré thanh thanh phan quan trong trong nhiéu
nén tang 16n. Trong linh vuc thuong mai dién tir, cAc nén tang nhu Amazon va Shopee
ing dung hé khuyén nghi dé dé xuat san pham phi hop, tir 6 nang cao ty 1é chuyén
d6i. Trong nganh giai tri, Netflix va Spotify str dung cac dé& xuat ca nhan hoa dé téi
uu hoéa trai nghiém nguoi dung dua trén thoi quen xem va nghe [4], [5]. Trén cac
mang x& hoi nhu Youtube va Tiktok, hé thong khuyén nghi con dong vai tro then chot

trong viéc dinh hudong hanh vi tiéu thu noi dung ctia ngudi dung.



Xu hudng gan day cho thiy hé khuyén nghi ngay cang duoc tng dung manh
mé trong linh vyc tai chinh — ngan hang [8], [12], [13]. Khéc véi cac linh vuc phd
thong, dit liéu tai chinh c6 dic thu nhay cam, da chiéu va phu thudc vao nhiéu yéu té
nhu thu nhap, phan khdc khach hang, muc tiéu tai chinh, khau vi rai ro va lich sir st
dung dich vu. Do d6, hé khuyén nghi trong ngan hang thuong doi hoi su két hop gitra
mo hinh dit liéu va co ché giai thich (explainability) dé dam bao tinh minh bach va
tuan tha quy dinh. Hé thong c6 thé dwa ra goi y nhu: ra chon thé tin dung pha hop,
g6i vay uu dai, san pham tiét kiém sinh 1i, hay giai phap bao hiém cé nhan.

Ngoai tac dong truc tiép dén trai nghiém khach hang, hé khuyén nghi con hd
trg cac ngan hang téi wu chién luoc tiép thi, ting ty Ié chuyén doi, nang cao kha ning
giit chan khach hang va cai thién hiéu qua phan phdi dich vu [13], [14]. Nho kha ning
du doan chinh xac nhu cau, ngan hang cé thé trién khai cac chién dich c& nhan hoa,
dong thoi giam tai rai ro trong tu van thi cong.

Nhin chung, hé théng khuyén nghi déng vai trd then chét trong céc ngan hang
s6 hién dai, hd tro ty dong hoa quy trinh, nang cao hiéu qua hoat dong va mang dén
trai nghiém tai chinh c& nhan hoa cho tirng khach hang.

1.1.2. Phan loai hé khuyén nghi

Dua trén phuong phép tiép can va loai dix liéu duoc st dung, hé khuyén nghi
(Recommendation Systems) c6 thé duoc phan loai thanh bén nhém chinh: dua trén
luat (rule — based), loc theo ndi dung (Content — based Filtering), loc cong tac
(Collaborative Filtering), va mé hinh lai (Hybrid Recommendation) [4], [5], [6].

e Hé khuyén nghi duva trén luat (Rule — based Recommendation - RB)

Hé thong khuyén nghi dua trén luat 1a mot trong nhitng phuong phap tién
phong, xuat phat tir linh vuc hé chuyén gia va cac hé théng hd tro ra quyét dinh.
Phuong phap nay van hanh dua trén mot tap hop cac luat suy dién (inference rules)
do chuyén gia xay dung thua céng, phan anh chinh xac tri thiec nghiép vu cta linh vuc
ap dung.

O dang co ban, mdi luat duoc md ta theo ciu tric IF — THEN, trong do:



V& IF md ta diéu kién hoic tap diéu kién phai thoa man (vi du: do tudi, nghé
nghiép, thu nhap, nhu cau).

V& THEN biéu thi hanh dong hoic khuyén nghi can dua ra (vi du: goi y mé
thé tin dung hang chuén, dé xuat géi tiét kiém phu hop).

Hé thdng rule — based sir dung bo suy dién (Inference Engine) dé so khép

thong tin ddu vao cua ngudi dung véi cac luat hién co. Hai chién lugc suy dién phd

bién gom:

Forward chaining (suy dién tién): xuat phat tir dix liéu dau vao = kich hoat
cac luat pht hop = sinh ra khuyén nghi.

Backward chaining (suy dién 10i): xuat phat tir khuyén nghi muc tiéu = kiém
tra xem diéu kién cua luat c6 dugc thoa man hay khong.

Nh¢ dua vao tri thirc chuyén gia, phuwong phap nay cé cac dac trung 1 rét:
Tinh minh bach cao: quy trinh ra quyét dinh cua hé thdng cé thé duoc truy vét
mot cach dé dang, boi mdi khuyén nghi déu co thé giai thich dya trén nhiing
quy tic va diéu kién duoc dinh nghia trudc.

D& kiém soat & linh hoat: phl hop véi cac linh vuc yéu cau tuan thu nghiém
ngat cac quy dinh nghiép vu, chang han nhu ngan hang, bao hiém hay y té.
Khong phu thudc dix liéu: hoat dong tét ngay ca khi dix liéu lich sir khan hiém
hodc khong day du - diéu ma cac md hinh hoc may thuong gap kho khan.

Tuy nhién, hé khuyén nghi dua trén luat ciing ton tai nhiéu han ché da duoc

chi ra trong cac nghién ctu vé hé chuyén gia:

Khoéng c6 kha nang tu hoc: hé théng khong tu cap nhat theo thay d6i hanh vi
ngudi dung hodc xu hudng thi truong, do tat ca tri thirc déu dugc “ma hoa
cung” (hardcoded).

Khé mé rong quy mé: khi sé luong dich vu, loai khach hang va tinh huéng
tang 1én, s6 lugng luat c6 thé bang né (rule explosion), gay tro ngai cho viéc
kiém soét va cai thién hé théng.

Han ché bao phu tinh hubng: do tri thirc chuyén gia ludn cé gidi han, hé thng

kho bao quat toan bo trudng hop thyc té, dan dén bo st nhiéu goi ¥ tiém nang.



e D& 15i thoi: trong mdi trudng ngan hang thay doi nhanh, néu cac luat khong
duoc cap nhat kip thoi, ching s& khéng phan anh chinh xac cac san pham hoac
chinh sach hién hanh.

Mic du ton tai nhiéu han ché, cac hé rule — based van dugc danh gia 1a nén
tang quan trong trong cac bai toan khuyén nghi can yéu té giai thich, tinh tuan tha
chinh séch va tinh minh bach — nhitng yéu cau cét 18i cua nganh tai chinh. Do d6, cac
mo hinh khuyén nghi hién dai thuong két hop rule — based véi cac ki thuat hoc may
dé tao thanh md hinh lai (Hybrid Recommendation) nham tan dung diém manh cia
ca hai huéng tiép can.

e Hé khuyén nghi loc theo ni dung (Content — based Filtering - CBF)

Hé khuyén nghi dya trén noi dung (CBF) 1a mét trong nhiing phuong phap
phd bién va cd nén tang Iy thuyét viing chéc trong linh vuc hé khuyén nghi. Phuong
phap nay dya trén gia thiét rang nguoi ding cé xu hudng quan tdm dén cac san pham
hoic dich vu c6 dic diém twong tu nhitng muc ho dénh gia cao hoic ting tuong tac
trudc d6 [4], [5]. Khac véi Collaborative Filtering, vén khai thac hanh vi caa cong
ddng nguoi ding, CBF tap trung vao viéc xay dung hd so ngudi ding (user profile)
va hd so san pham (item profile) dia trén cac dic trung mo ta (features) cua tirng san
pham hoac dich vu.

Trong md hinh nay, mdi san pham duoc thé hién thdng qua mot tap hop cac
dac tinh mé ta, chéng han nhu muc tiéu tai chinh, mac d6 rai ro, nhém khach hang,
ky han va cac dic diém dich vu. Tuong tu, hd so ngudi dung duoc hinh thanh dya
trén lich st twong tac, cac giao dich trude day hoac thong tin c& nhan tir phia nguoi
ding. Khi hé thdng tién hanh dua ra dé xuat, cac thuat toan s& danh gia murc do tuong
ddng gitra hod so nguoi dung va cac san pham cé trong hé thdng. Nhitng san pham cé
muc twong dong cao hon s& duoc uu tién dé xuat cho nguoi ding.

Dé xay dung biéu dién dic trung va tinh toan murc do twong dong, cac ky thuat

quan trong thudng duogc sir dung trong CBF bao gom:



TF — IDF: phuong phap nay danh gia mirc dé quan trong cua ting tir khoa
trong md ta san pham, gitp nhan manh cac dic trung phan biét gitra cac dich
vu [4].

Cosine Similarity: ki thuat nay do ludng mirc d6 gan giii giira hai vector dic
trung, dugc dung dé so sanh hd so ngudi ding véi san pham, ciing nhu giita
cac san pham vai nhau [5].

Vector hoa van ban (Vectorization): chuyén ddi cac mé ta dich vu ngan hang
sang dang s bang cach sir dung cac phuong phap nhu Bag — of — Words hoic
Embedding, gitp thuat toan cé thé xir Iy va tinh toan.

M6 hinh hoc sau (Deep Learning): Mot s6 phuong phap hién dai nhu
Word2Vec va BERT duoc tng dung dé cai thién kha nang nam bat ngit nghia
trong dit liéu md ta cua san pham.

U'u diém

Phuong phap CBF s¢ hitu nhiéu wu diém quan trong:

Khéng phu thudc vao dir liéu ctia nguoi dung khac, do d6 phu hgp vai moi
truong o s6 luong nguoi ding han ché hoic thiéu dit lidu tuong tac.

Hoat dong tét trong tinh hudng cold — start nguoi ding (new user), vi hé théng
van c6 thé khuyén nghi dua trén mé ta sé thich ban dau.

D& giai thich, nho kha nang thuat lai Iy do goi ¥ dya trén dic trung twong dong
gitta san pham va ho so ngudi dung (vi du: trong déng vé muc tiéu tai chinh,
muc rai ro hoac phan khuc khach hang).

Tinh 6n dinh cao khi dit liéu it thay ddi, dic biét phi hop véi méi trudong ngan
hang — noi cac san pham thudng c6 dic tinh md ta rd rang va 6n dinh theo thoi

gian.
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Han ché:

Mic du hiéu qua, CBF ciing ton tai cac nhugc diém da dugc nhiéu nghién ctu
chira[6], [7]:

e Nguy co hién twong chuyén biét héa qua mic (overspecialization), hé thdng
c6 thé chi dé xuat nhirng san pham tuong ty nhau, han ché kha niang kham pha
va goi y cac linh vuc hodc san pham mai.

e Chi hoat dong hiéu qua khi san pham c6 mé ta chi tiét va dic trung 16 rang;
cac dich vu ngén hang triru tegng hoac it théng tin mo ta sé gay kho khan cho
md hinh.

e Khong tan dung duoc xu hudng hodc hanh vi cua cong ddng ngudi dung, 1am
cho mé hinh hoat dong kém hon Collaborative Filtering trong bdi canh can
huan luyén véi dix lieu quy mé 16n.

M3ic du van tén tai mot sé han ché, CBF van giit vai trd quan trong trong céac
hé khuyén nghi hién dai. Khi tich hop vao cac mé hinh lai (hybrid), CBF khéng chi
nang cao tinh minh bach, 6n dinh va kha ning giai thich caa hé thong, ma con cung
cap thong tin vé ndi dung dé bu dap nhiing han ché cua Collaborative Filtering.

e Hé khuyén nghi loc céng tac (Collaborative Filtering - CF)

Loc cong tac (Collaborative Filtering — CF) 12 mét trong nhitng ky thuat nén
tang va duoc ung dung rong rai trong cac hé théng khuyén nghi hién dai [3], [6].
Khéc véi phuong phap loc theo noi dung, CF khdng can dén thong tin mé ta san pham
hay ho so chi tiét cua ngudi dung. Thay vao d6, thuat toan dya trén cac mé hinh tuong
tac gitra ngudi ding va san pham, ching han nhu danh gia, hanh vi xem, mua sim,
hoic cac dang phan hoi khac [4], [5]. Phuong phép nay dya trén gia thiét rang nhiing
ngudi ding c6 hanh vi twong ddng trong qué khi s& c6 xu hudng quan tim dén nhitng
san pham tuong ty trong twong lai.

Hai hwéng tiép can chinh caa CF

o User —based Collaborative Filtering
User — based CF xac dinh nhitng nguoi dung co lich st tuong tac tuong tu vai

ngudi ding hién tai, duoc goi 12 ‘neighborhood’. Mtrc d6 twong ddng giita cac ngudi
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dung thuong duge do bang céc chi sé nhu Cosine Similarity, Pearson Correlation
hoac Jaccard Similarity [4], [5].

Sau khi nhom nguoi dung twong déng duge xac dinh, hé thdng s& dé& xuit
nhitng san phim ma nhém ndy quan tim nhung ngudi ding hién tai chua trai nghiém.

Phuong phap ndy md phong cach thirc con ngudi thudng tham khao y kién 13n
nhau, mang tinh tryc quan va ty nhién, tuy nhién khi sé luong ngudi dung rat 16n, chi
phi tinh toan s& tro nén dang ké.

o Item —based Collaborative Filtering

Item — based CF khéng tap trung vao ngudi dung ma phan tich méi quan hé
giita cac san pham. Phuong phap nay dua trén quan sat rang nhitng san pham thuong
duoc nhiéu ngudi dung danh gia twong ty s& c6 muac do lién quan cao.

Khi ngudoi ding quan tam dén mot san pham, hé thong s& dé xuat cac san pham
twong tu dua trén ma tran ddng xuat hién (co — occurrence) hoic do luong muic do
gidng nhau gitra cac san pham. Phuong phap nay c6 wu diém vé tinh 6n dinh, kha
nang mé rong va phi hop vai cac nén tang quy mo 16n nhu Amazon, noi item — based
CF duogc chirng minh hoat dong hiéu qua hon user — based CF [4], [6].

Thuat toan va ky thuat trong CF

CF truyén thong hoat dong dua trén bo loc 1an can (neighborhood — based
methods), nhung sau nay duoc mo rong bai nhiéu ki thuat nang cao nhu:

e Matrix Factorization (MF), dac biét 1a SVD, SVD++, NMF: gitup phéan rd ma
tran ngudi ding — san pham thanh cac vector dic trung an, 1a budc dot pha
trong hé théng khuyén nghi nho kha ning tong quat héa manh.

o Implicit Feedback Models: st dung céc tin hiéu gian tiép nhu luot xem, click,
thay vi danh gia tuong minh.

e Autoencoders va Deep Learning — based CF: 4p dung mang no — ron dé hoc
representation ctia ngudi dung va san pham, cho két qua tét hon trong méi
truong di liéu lon.

Nhitng k¥ thuat nay gitp CF vuot qua nhiéu han ché cia mé hinh truyén thong,

nhét 14 vin dé di liéu thua (sparsity).
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U'u diém cua Collaborative Filtering

e Khong phu thuéc md ta san pham, phd hop khi dix liéu mé ta nghéo nan hoic
khong chuan héa.

e Tan dung tri tué tap thé (collective intelligence) dé tao ra goi y tu nhién va
phong phd.

e Co6 kha ning nhan dién cac mbi quan hé tiém an giira ngudi ding va san pham

—nhirng yéu t6 ma phuong phap loc theo noi dung (CBF) khd cd thé phat hién.

e Hoat dong tot khi dit liéu twong tac nhiéu, nguon san pham da dang.

Han ché ciia Collaborative Filtering

DU mang lai hiéu qua cao, CF van con céc han ché da dugc néu trong nhiéu
nghién cau [4], [5], [7]:

e Cold — start problem: Bi véi cac ngudi dung hoic san pham hoan toan
méi, do thiéu dix liéu tuwong tac nén hé thdng hau nhur khong thé tao ra cac
goi y dang tin cay.

e Data Sparsity (d0 thua dit liéu): Trong thuc té, ma tran twong tac thuong
cuc Ky thua (sparsity 1én dén 99%), khién viéc tinh toan d6 twong dong kho
khan.

e Scalability (kha ning mo rong): User — based CF gap van dé khi sé luong
ngudi ding rat 16n, do can tinh toan trong dong trén quy mé Isn.

e Khdng thé giai thich rd rang: CF khé cung cap Iy do minh bach cho mdi
goi y, khac vai rule — based hoac CBF.

e Heé khuyén nghi lai (Hybrid Recommendation)

Hé khuyén nghj lai (Hybrid Recommender System) 1a phwong phap két hop
d6ng thoi hai hoac nhiéu k¥ thuat khuyén nghi khac nhau nham tan dung wu diém va
giam thiéu han ché cua timg phuong phap don 1é. Viéc tich hop nay gitp hé théng
dat duoc hiéu qua du doan cao hon, tang tinh bao phu (coverage) va cai thién kha
nang ca nhan hoa trong nhiéu bdi canh ang dung phuc tap, dic biét 1a trong linh vuc

tai chinh — ngan hang, noi yéu cau tinh 6n dinh va minh bach rat cao.
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Céac mo hinh lai thuong két hop gitta mot hodc nhiéu k§ thuat sau: Rule —
based (RB), Content — based Filtering (CBF), Collaboratice Filtering (CF), hoac cac
phuong phap dua trén mé hinh hoc may hién dai nhu Matrix Factorization, Deep
Learning, Graph — based Recommendation. Su két hop nay cho phép hé thdng vira
khai thac tri thirc chuyén gia (RB), vira tan dung thong tin noi dung san pham (CBF),
vira hoc theo hanh vi ngudi ding trong cong ddng (CF), tao nén co ché khuyén nghi
toan dién va linh hoat.

Theo Burke (2002), c6 sau chién lugc két hop pho bién trong cac hé khuyén
nghi lai [6]:

e Weighted Hybrid — Két hop c6 trong s6

Céc thuat toan khuyén nghi duoc chay dong thoi va mdi thuat toan déng gop
két qua theo mot trong s xac dinh. Trong sb c6 thé ¢b dinh hoic diéu chinh dya trén
chat luong du doan.

e Switching Hybrid — Chuyén d6i gitra cac phuong phap

Hé thong lua chon thuat toan phl hop nhat tiy vao ngir canh. Vi dy: ding rule
— based khi ngudi dung méi (cold — start), va chuyén sang CF khi du dit liéu danh
gia.

e Cascade Hybird — Két hop dang tang

Mot thuat toan dua ra danh sach goi ¥ ban dau, thuat toan khac refinement va

sap xép lai, gidp két qua cudi cung tinh gon va chinh xéac hon.
e Feature Combination — Két hop dic trung

Két qua tir nhiéu hé khuyén nghi duogc tich hop va dwa vao mot md hinh hoc
may chung.

e Feature Augmentation — B6 sung dic trung

Két qua cia mot md hinh duoc sir dung 1am dic trung (feature) dau vao ting
cuong cho mé hinh khac. Vi du: embedding tir CF dugc dung trong mé hinh CBF.

e Meta — level Hybrid — M6 hinh c4p cao
Mot mé hinh tao ra biéu dién (model) va mé hinh khéc st dung lai biéu dién

do6 dé ra quyét dinh khuyén nghi.
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Trong linh vuc tai chinh — ngan hang, hé théng khuyén nghi lai duoc danh gia
la pht hop nhat do dic tha dit liéu vira mang tinh nghiép vu chit ché, vira bao gdom
nhiéu thudc tinh hanh vi phic tap. Thuc té, nhiéu ngan hang quéc té dang trién khai
mo hinh két hop:

e Rule —based + CF: dam bao tinh minh bach cua hé luat va kha nang hoc hanh

vi ngudi ding tir cong dong.

e CBF + CF: giup tang kha nang goi y cac dich vu méi dua trén dac trung ndi
dung va lich sir tuong tac.

e RB + CBF + CF: tao thanh mé hinh lai toan dién, vira dé giai thich, vira linh
hoat va chinh xac.

Ngoai ra, trong moi truong ngan hang, noi cac khuyén nghi phai dam bao tuan
thi quy dinh, han mirc, diéu kién san pham va ho so khach hang, viéc tich hop Rule
— based nhu mot 16p kiém nghiém (validation layer) giup ting do tin cay va dam bao
cac goi y khong vi pham quy dinh nghiép vu. Nho tan dung thé manh cua nhiéu ky
thuat khac nhau, hé khuyén nghi lai ngay cang tro thanh yéu té quan trong trong cac
giai phap tu van tai chinh, hd tro qua trinh chuyén d6i sé cua ngan hang va mang lai
trai nghiém tot hon cho khéach hang.

1.1.3. C4u tric tong thé caa hé khuyén nghi

Mot hé khuyén nghi hoan chinh thuong bao gém ba thanh phan chinh: kho tri
thic (knowledge base), bo suy dién (inference engine) va giao dién nguoi ding (user
interface) [1], [4], [5]. Cac thanh phan nay hoat dong phéi hop dé thu thap dit lieu,

xu ly, phan tich va sinh ra cac goi y phu hop vai tirng nguoi dung.



15

Knowledge Base Inference Engine
* Rule Engine

‘_\

—— Content Module — Hybrid Engine

/

S l
Item / Product DB +—¥  Collaborative Module -

—

Data Ingest & ETL User Profile DB

Transaction History |

Rule Base | ]
* |

User Interface
-/ \ Web / M —
Admin Panel v » /ety / Mobile App .

Feedback Collector

Hinh 1.1: CAu tric tong thé ciia h¢ khuyén nghi
e Kho tri thirc (Knowledge Base)
Kho tri thirc 1a nén tang dix liéu cot 16i cia he khuyén nghi, né luu trix va quan
ly toan bo thong tin lién quan dén ngudi dung, san pham, trong tac, phan hdi va cac
luat nghiép vu.

Thanh phan nay cé thé bao gom:

o Co so dir liéu nguoi dung (User Profile Database): chira thong tin dinh
danh, thdng tin c& nhan (tudi, nghé nghiép, thu nhap, khu vyuc), hanh vi
sir dung va thoi quen, mdi quan tam cua khéach hang.

o Co s¢ dir lieu san pham (Item/Product Database): bao gém mo ta chi
tiét san pham, tinh chat, muc tiéu, phan khic khach hang muc tiéu.

o Dt li¢u lich str giao dich (Transaction & Rating History): ghi lai tuong
tac gitra ngudi diing va san pham (giao dich, danh gia, tan suét sir dung).

o Tap luat nghiép vu (Rule base): tap hop cac quy tic “néu — thi” dugc
phét trién tir kinh nghiém va hiéu biét thuc tién cua céc chuyén gia,
phuc vu cho md hinh Rule — based hoic cac diéu kién rang buc cua hé
théng.

Kho tri thirc dong vai trd ngudn dir liéu trung tim, dwgc cap nhat thuong xuyén
nham dam bao tinh chinh xac va kha nang hoc hoi caa mé hinh.
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e B suy dién (inference Engine)

B6 suy dién dugc xem Ia trai tim caa hé khuyén nghi, thuc hién qué trinh phan
tich, hoc va dua ra goi y. Thanh phan nay bao gém cac mé hinh hoc may va thuat
toan dugc lya chon tly theo loai hé thdng:

o Rule —based Engine: st dung tap luat do chuyén gia dinh nghia dé dua
ra cac khuyén nghi theo cac diéu kién cu thé.

o Content — based Module: phan tich dic trung ndi dung ctia san pham
va hd so nguoi dung bang cac phuong phap nhu TF — IDF, Cosine
Similarity, hoac Embedding Models.

o Collaborative Module: tan dung dir liéu tuwong tac gitta ngudi dung va
san pham dugc biéu dién trong ma tran user — item dé phat hién cac moi
lien hé, ap dung Item — based CF hoic User — based CF dé du doan s&
thich.

o Hybrid Engine: két hop nhiéu mé hinh (CF, CB, RB) theo cac co ché
nhu weighted, switching hoac cascade, toi wu dua trén dic diém nguoi
dung, gidp khic phuc van dé cold — start va ting do chinh xac.

Bo suy dién ciing c6 thé bao gom cac co ché hoc thich nghi (adaptive learning)
gilip mo hinh cai thién theo thoi gian théng qua phan hoi cua nguoi dung (feedback
loop).

e Giao dién ngwaoi dung (User Interface)

Giao dién nguoi dung duogc xem nhu kénh lién két gidp ngudi dung cudi thao
tac va tuong tac véi hé théng. Thanh phan nay c6 nhiém vu hién thi két qua goi y, thu
thap phan héi va cho phép nguoi dung twong tac truc tiép véi hé thdng.

Nhitng tiéu chi co ban dbi vai giao dién bao gom:

o Trinh bay danh sach san pham goi y mét cach truc quan, co thé sap xép
theo diém phu hop hodc danh muc san pham.

o Cung cap chirc nang dé ngudi dung — dac biét 1a nguoi ding lan dau —
nhap théng tin ca nhan hoac muc tiéu ma ho mong mudn.

o Giai thich ly do goi y.
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o Cung cép co ché thu thap da phan hdi tir ngudi dung nham ning cao do
chinh x&c va hiéu suat caa mé hinh trong nhitng lan goi y tiép theo.

Trong céc hé théng ngan hang sé, giao dién ngudi dung thuong dugc trién
khai dudi dang ung dung web hoic tng dung di dong, trién khai bang céc céng nghé
nhu Flask, React]S, hodc tich hop tuc tiép trong hé théng CRM (Customer
Relationship Management).
1.2. Téng quan vé dich vu ngan hang
1.2.1. Phén loai dich vu ngan hang cho khach hang ca nhan

Khi nganh ngan hang budc vao qua trinh chuyén d6i sé sau rong, cac ngan
hang hién dai da khdng ngimg da dang hda danh muc san pham, bao gom ca dich vu
truyén thdng 1an céc giai phap tai chinh hién dai duoc phét trién theo dinh huéng ca
nhan hda nham t6i uu trai nghiém nguoi dung. Cac san pham hudng dén khach hang
ca nhan c6 thé duoc phan loai theo muc dich va nhu cau sir dung:

e Dich vu tiét kiém

Nhom san pham tiét kiém gom nhiéu lya chon: tiét kiém c6 ky han, khong ky
han, tiét kiém truc tuyén; cac goi giri gop linh hoat (dinh ky hoic khéng dinh ky) va
nhitng san pham dic thu nhu tiét kiém an sinh, hoc dudng, huu tri hay tich liy kiéu
héi, ...[16]

Muyc tiéu caa nhdm nay la gidp khach hang quan ly nguon tién nhan rdi, sinh
14i an toan va linh hoat theo nhu cau tai chinh.

Hé khuyén nghi c6 thé goi y san pham tiét kiém toi uu dya trén thu nhap, thoi
han mong mudn va muc 6 chap nhan rai ro.

e Dich vu vay von

Dich vu nay cung cap nhiéu san pham, dién hinh nhu vay tiéu dung, vay thé
chap, vay mua nha, mua xe, vay san xuat — kinh doanh [16]. Pay 1a nhém dich vu
mang lai ngudon thu chinh cho ngén hang, doi héi viéc danh gia riii ro va kha nang tra
no cua khéach hang dua trén hd so tin dung, lich sir thu thap va hanh vi chi tiéu [8],
[13].
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Hé khuyén nghi c6 thé hd trg xac dinh san pham vay phu hop va han muc tin
dung tdi wu cho ting cé nhan.
e Dich vu diu tw
Bao gdm céc dich vu: trai phiéu ca nhan, quy dau tu, ching chi quy, ... [16].
Cac ngan hang ngay cang chi trong vao viéc cung cap cdng cu dau tu linh hoat, cung
cap céc lra chon dau tu phong phu cho khach hang. Ung dung hé khuyén nghi gidp
phan loai rai ro, tir 6 dé xuét chién luoc dau tu phu hop.
e Dich vu thé tin dung
Dich vu nay gdm thé tin dung néi dia, qudc té, the lién két sinh vién [16], ...
Nhom nay hudng dén ma rong kha ning chi tiéu va quan Iy dong tién ca nhan, dong
thoi cung cip wu dai, tich diém va chuong trinh khach hang than thiét. Heé khuyén
nghi c6 thé dé xuét loai thé phu hop dua trén théi quen tiéu dung, thu nhap va lich sir
sur dung thé caa khach hang.
e Dich vu mé tai khoan
Bao gdm m¢ tai khoan co ban, tai khoan tiéu chuan, tra luong, [16] ... Pay 1a
nhom dich vu co ban, nhung ciing 12 budc dau trong hanh trinh trai nghiém khach
hang, déng vai trd nén tang cho cac dich vu ngan hang khéac.
e Dich vu ngan hang so
Bao gom Mobile Banking, Internet Banking, eKYC, quan Iy tai chinh ca nhan
truc tuyén [16], ... Ngan hang s gilp tu dong hoéa quy trinh giao dich, cho phép
nguoi dung thuc hién moi thao tac tir xa vai trai nghiém nhanh chéng, bao mat va
than thién.
Cac hé khuyén nghi dugc tich hop truc tiép trong tng dung ngan hang sb dé
phan tich hanh vi str dung va dua ra goi y phu hop theo thoi gian thuec.
e Dich vu thanh toan
Bao gom chuyén khoan nhanh 24/7, QR Pay, Vi dién tir, thanh toan hoa don
tu dong, nop thué dién tr [16], ... DAy 1a nhom dich vu thiét yéu, phan tng tan suat
giao dich va hanh vi tiéu dung ctaa khach hang. Hé khuyén nghi cé thé goi ¥ phuong

thirc thanh toan téi wu, gitp tiét kiém chi phi va téi vu trai nghiém nguoi dung.
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e Dich vu bao hiém

Bao gdom bao hiém nhan tho, bao hiém suc khoe, bao hiém tai san [16], ...
Ngan hang thuong két hop véi cong ty bao hiém dé cung cap giai phap tai chinh toan
dién cho khach hang. Cac mé hinh khuyén nghi trong linh vuc nay gitp xac dinh
dung nhu cau bao vé va dau tu, tir 46 ting kha ning tu van thanh cong.

Viéc phan nhém san pham theo muc tiéu sir dung gidp ngan hang d& dang trién
khai chién lugc khuyén nghi ca nhan hoa, tir d6 tang kha nang tiép can va mac do hai
Iong cua khach hang.

1.2.2. Phan loai nhu cau va hanh vi nguéi ding

Mbi khach hang ca nhan déu c6 dac diém, muc tiéu va lich st sir dung dich vu
tai chinh khac nhau, chiu anh huéng boi cac yéu té nhu thu nhap, do tudi, nghé
nghiép, vi tri dia Iy va kha ning tiép can cong nghé. Céac hé khuyén nghi trong ngan
hang can xay dung hd so nguoi dung (user profile) phan anh cac dic trung nay dé
dua ra ggi y phu hop.

Hanh vi va nhu cau tai chinh cua khach hang cé thé duoc phan loai theo cac
tiéu chi:

e Muc tiéu tai chinh (Financial Goal): Khach hang c6 thé ¢ nhiéu muc tiéu tai
chinh khac nhau, nhu mo tai khoan hoic sir dung ngan hang sé, tiét kiém va
tich lily tai san, vay von hoic dau tu kinh doanh, hoic tham gia cac san pham
bao hiém va bao vé tai chinh dai han.

e Phan khic khach hang (Customer Segment): Céc khach hang c6 thé duoc phan
loai theo phan khuc nhu sinh vién hodc ngudi mai di lam thuong s€ wu tién
mé tai khoan, str dung ngan hang sé, thé tin dung; nhan vién hoic nguoi da di
lam 6n dinh thudng quan tam dén viéc tiét kiém, dau tu va vay tiéu dung; ho
kinh doanh hoic doanh nhéan wru tién cac géi vay ho trg, quan ly tai chinh doanh
nghiép va bao hiém tai san; khach hang c6 thu nhap cao (khéch hang VIP)
thuong chi trong dau tu, bao hiém cao cap va dich vy tu van tai chinh ca nhan
hoa; nhém ngudi huu tri thudng quan tam dén cac san pham tiét kiém dai han,

bao hiém sic khoe, cac dich vu quan ly tai chinh an toan, 6n dinh.
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e Hanh vi tiéu dung tai chinh (Financial Behavior): Cc khéch hang c6 thé khac
nhau vé tan suat giao dich, sb lwong san pham tai chinh ma ho str dung, muc
d6 phan hdi véi cac chuong trinh khuyén méi, cling nhu mtc do sir dung da
kénh nhu mobile banking va internet banking.

Pay 1a budc quan trong dé huan luyén hé khuyén nghi, gidp md hinh du doan
chinh x4c hon san phdm ma nguoi dung tiém ning s& quan tam.

1.2.3. Vai tro ciaa hé khuyén nghi trong linh vuc tai chinh — ngan hang

Ap dung hé khuyén nghi trong nganh tai chinh — ngan hang mang lai nhiéu loi
ich quan trong cho ca khach hang va té chirc cung cap dich vu. Béi véi khach hang,
hé théng gidp ca nhan hoa trai nghiém bang cach dé xuat cac san pham phi hop véi
nhu cau, muc tiéu tai chinh, mac thu nhap va hanh vi giao dich cua ting c& nhan, tur
d6 nang cao murc d6 thuat tién va chat luong twong tac vai ngan hang.

Déi véi t6 chire tai chinh, hé khuyén nghi gop phan téi vu hiéu qua kinh doanh
thong qua viéc tang ty 1é chuyén doi san pham, cai thién hiéu qua tiép thi va hd tro
phan phdi dich vu diing dbi tuong muc tiéu. Bong thoi, hé thdng gitp ngan hang xay
dung chién lugc chim soc khach hang dwa trén dit liéu, tir d6 ning cao mirc do hai
Iong, duy tri khach hang va tang gia tri vong doi khach hang (Customer Lifetime
Value).

Bén canh d6, hé khuyén nghi con déng vai trd nhu mét cong cu hd tro ra quyét
dinh, gitp bo phan kinh doanh va tiép thi phan tich xu huéng st dung dich vy, danh
gia nhu cau tiém nang va t6i wu danh muc san pham. Nhd vay, ngan hang cé thé xay
dung cac chién luoc san pham,chinh sach wu dai va chuong trinh cham soc phi hop
hon, gbp phan nang cao hiéu qua van hanh va ning luc canh tranh trén thj truong.
1.3. M0 hinh khuyén nghi trong linh vuc tai chinh — ngan hang

Sy phét trién cua Big Data va céc ki thuat hoc mdy di thuc day viéc ¢ng dung
manh m& cac mé hinh khuyén nghi trong linh vyc tai chinh — ngan hang, nham cé
nhan héa dich vy, ndng cao trai nghiém khach hang va tdi wu hoa hiéu qua kinh doanh.

Dit liéu ngan hang nhu ho so ca nhan, thu nhap, hanh vi giao dich, lich sir sir dung
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dich vu va muc tiéu tai chinh 12 nguon théng tin quan trong gitp cac md hinh khuyén
nghi dua ra két qua chinh x4c va tuwong thich véi tirng nhém khach hang.

Khéac voi hé khuyén nghi tong quét ¢ cac linh vuc thuong mai dién tir hoic
giai tri, hé khuyén nghi trong ngan hang cé dic thi can dam bao tinh bao mat dix liéu,
giai thich r6 rang, va tuan thu cac quy dinh nghiép vu. Vi vay, cac m6 hinh thuong
phai duoc diéu chinh dé phu hop véi bdi canh kinh doanh va yéu cau giam sat caa to
chuce tai chinh.

e M0 hinh khuyén nghi dwa trén luat (Rule — based Recommendation):

Trong ngan hang, rule — based duoc sir dung rong rai dé tu van cac san pham
c6 diéu kien nghiép vu r6 rang, chang han nhu yéu cau thu nhap téi thiéu, phan khuc
khach hang, do tudi hay muc tiéu tai chinh. Tap luat duoc xay dung dua trén tri thic
chuyén gia, cho phép hé thong dua ra cac quyét dinh minh bach, dé& kiém soat va d&
giai thich.

Phuong phap nay c6 uu diém la sy rd rang trong giai thich va kha nang dam
bao tuan thu quy dinh noi bo. Tuy nhién, hé thong khé mé rong, khé tu dong thich
g khi thay d6i san pham hozc chinh sach.

e MO hinh lgc theo ngi dung (Content — based Filtering):

Trong béi canh ngan hang, CBF khai thac cac thudc tinh caa dich vu nhu loai
san pham, muc tiéu tai chinh, méc do rui ro, phan khic khach hang huéng téi, thoi
han va loi ich. H6 so nguoi dung ciing dugc md ta dua trén théng tin tai chinh, muc
tiéu va hanh vi st dung. Viéc tinh toan mirc do twong déng gitp hé thong dé xuat céc
san pham lién quan, nhu khach hang quan tam dén tiét kiém c6 thé duoc dé xuat cac
san pham giri gop hoic chang chi quy an toan.

CBF phi hop véi khach hang mai, song van gap han ché khi chi dé xuét cac
san pham twong tu, chua hd trg kham pha san pham méi.

e MO hinh lgc cgng tac (Collaborative Filtering):
Trong ngan hang, CF khai thac lich sir trong tac ciia nhiéu khach hang dé tim

ra cAC mau chung trong hanh vi tai chinh. Phuong phap nay giup xac dinh cac san
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pham thudng duoc lra chon cling nhau (vi du, vay mua nha di kém bao hiém tai san)
hodc nhém khéach hang cé thoi quen st dung dich vu trong dong.

CF mang lai kha ning hoc sé thich tiém an, dic biét hiéu qua voi khach hang
c6 nhiéu giao dich. Tuy vay, CF gap han ché véi ngudi ding méi va san pham méi —
mét van dé phd bién trong cac dich vu tai chinh.

e M0 hinh khuyén nghi lai (Hybrid Recommendation Model):

Pé tan dung day du wu diém cua timg mé hinh, cdc ngan hang thuong trién
khai mé hinh lai két hop Rule — based, Content — based va Collaborative Filtering.
Cach két hop c6 thé 1a gan trong s, chuyén doi theo diéu kién hoic ting cuong dic
trung, tiy theo mirc d dit liéu va dac diém cua khéach hang.

Trong khubn kho dé tai nay, mo hinh lai duoc xay dung theo huéng Adaptive
Hybrid, diéu chinh trong sé gitta cac md hinh thanh phan dya trén mirc d6 hoat dong
cta khach hang: ngudi dung mai vu tién Rule — based va CBF, trong khi khach hang
c6 lich st giao dich phong phi s& duoc wu tién goi y dua trén CF. Cach két hop nay
gilp hé théng dam bao tinh chinh xéc, linh hoat, phi hgp hon véi thuc té van hanh
cua ngan hang.

1.4. Kétluan chwong 1

Chuong 1 di tong hop va trinh bay toan dién cac co sd ly thuyét nén tang lién
quan dén hé khuyén nghi va tng dung cua chung trong linh vuc tai chinh —ngan hang.
Trén co so phan tich khai niém, vai trd va pham vi ung dung caia hé khuyén nghi,
chuong nay di 1am rd cac phuong phép tiép can phé bién gém: mé hinh duya trén luat,
loc theo noi dung, loc cong tac va md hinh lai. Mdi phuong phap dugc mé ta theo
nguyén ly hoat dong, wu diém, han ché va tinh phu hop trong méi truong nghiép vu
ngan hang.

Bén canh do, chuong d trinh bay dic trung danh muc san pham ngan hang danh
cho khach hang c4 nhén, dong thoi phan tich hanh vi va nhu cau nguoi ding theo cac
tiéu chi nhu muc tiéu tai chinh, phan khdc khach hang va hanh vi tiéu dung tai chinh.

Nhitng phan tich ndy dong vai trd quan trong trong viéc xay dung hd so ngudi ding
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(user profile) — thanh phan cét 18i gitp md hinh khuyén nghi cung cip céc goi y chinh
xac va phu hop.

Ngoai ra, chuong da gidi thiéu cdu tric tong thé cua mot hé khuyén nghi hoan
chinh, gom kho tri thirc, bo suy dién va giao dién ngudi duing, cho thay cach cac thanh
phan nay phdi hop véi nhau dé tao ra cac goi y 6 tinh ca nhan hda. Qua dé, chuong
d3 khang dinh vai tro thiét yéu caa hé khuyén nghi trong viéc nang cao trai nghiém
khach hang, toi wu chién luoc kinh doanh va hd tro hoat dong, tu van trong céc to
chtrc tai chinh — ngan hang hién dai.

Nhin chung, Chuong 1 déng vai tro dinh huéng va thiét 1ap co so ly thuyét viing
chac, gitp hinh thanh co s& Iy luan phuc vu cho qué trinh thiét ké, xay dung va trién
khai hé théng khuyén nghi & cac chuong tiép theo. Céc khai niém, mé hinh va phan
tich dugc néu trong chuong nay 1a co s& dé phat trién mé hinh khuyén nghi lai dugc

dé xuat trong dé tai.
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CHUONG 2: HE KHUYEN NGHI CAC DICH VU NGAN
HANG

Chuong nay trinh bay qua trinh thiét ké va xay dung hé théng khuyén nghi
dich vy ngan hang, bao gom phan tich nguoi ding, mé ta ngudn dix liéu, xac dinh yéu
cau ky thuat, thiét ké kién tric tong thé va lua chon cac phuong phap du doan phu
hop. Muc tiéu ciia chuwong 13 hinh thanh nén tang ly thuyét va ky thuat dé trién khai
mo hinh khuyén nghi trong maéi truong (ng dung thyc té.

2.1. Phan tich ngwoi dung

Nguoi ding c4 nhan cua ngan hang 1a nhom ngudi ding da dang vé do tuoi,
nghé nghiép, thu nhap va muc tiéu tai chinh. Viéc phan tich ngudi ding nham xac
dinh dic diém, hanh vi va nhu cau cua tirng nhém, tir 6 phuc vu qua trinh ca nhan
hoa goi y san pham.

e Pic diém khéch hang:

Céc dic diém co ban ciia khach hang ca nhan bao gom:

D6 tudi: anh huong truc tiép dén nhu cau tai chinh va lra chon san pham. Vi
du, khach hang tré tudi thudng wu tién cac san pham ngan hang sé tién loi, thanh toan
nhanh, c4c dich vu lién quan dén gido duc, du hoc hoic khai nghiép. Trong khi do,
nhom khach hang trung nién va huu tri quan tdm nhiéu hon dén céc san pham bao
toan von, tiét kiém dai han, bao hiém, ciing nhu cac dich vy tu van dau tu an toan va
cham sdc surc khoe tai chinh lau dai.

Gigi tinh: ¢ thé tac dong dén cach khach hang ra quyét dinh tai chinh, vi duy,
mot s& nghién cau chi ra rang nit gidi c6 xu hudng uu tién quan ly rai ro va tiét kiem,
trong khi nam gidi c¢6 xu huéng tim kiém cac co hoi dau tu.

Thu nhdp va nghé nghiép: khung thu nhap va nghé nghiép quyét dinh kha nang
tiép can cac san pham tai chinh phuc tap hon. Nhém khéch hang c6 thu nhap trung
binh thuong wu tién cac san pham tiét kiém va tin dung ca nhan, trong khi nhém thu
nhap cao hoic doanh nhan quan tim dén bao hiém, dau tu tai chinh, quy huu tri hoic

c4c san pham ngan hang dau tu.
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Khd ndang chdp nhdn rai ro: dic diém nay anh hudéng dén loai san pham khéch
hang sin sang tham gia, tir c4c san pham an toan nhu tiét kiém va bao hiém, dén cac
san pham rui ro cao hon nhu c6 phiéu, trai phiéu doanh nghiép hoic quy dau tu.

Viéc phan tich chi tiét cac dic diém nay khong chi gitp ngan hang hiéu rd hon
vé nhu cau cua khach hang ma con latién dé dé phat trién cac co ché dé xuat ca nhan
hoa trong hé thong khuyén nghi.

e Hanh vi sir dung dich vu:

Hanh vi cia khach hang la mot yéu té quan trong dé phan tich va du doan nhu
cau tai chinh ca nhan. Céc dit liéu hanh vi bao gom:

Tan sudt giao dich: xac dinh mirc d6 twong tac cua khach hang véi cac san
pham ngan hang, qua day nhan dién nhom khéch hang c6 mirc d6 tuong tac cao va
nhom it tuong tac.

San pham khach hang tieng sir dung: cho thay xu huéng va so thich ciia khach
hang, vi dy, khach hang st dung nhiéu san pham tiét kiém c6 thé quan tim dén cac
g6i bao hiém hoic dau tu ngan han.

Phdn héi Véi chwong trinh khuyén méi: gitip danh gia mtrc d6 nhay cam cua
khach hang véi cac chién dich marketing va wu dai, tir d6 toi wu hoa cach trién khai
chuong trinh khuyén méi cho tirng phan khc.

Mitc dé twong tic véi cac kénh ngan hang so: phan anh kha nang tiép nhan
cdng nghé va dich vu ngan hang sb, vi du, khach hang thuong xuyén sir dung tng
dung di dong hoac Internet Banking c6 kha ning tiép nhan cac san pham tai chinh sb
cao hon.

Nhiing dir liéu hanh vi nay duoc xem la dir liéu chu chét gitp cac hé thong
khuyén nghi hoc va dy doan cac san pham phu hop, tir d6 cai thién trai nghiém khach
hang.

e Phan khuac khach hang:
Dua trén su két hop giita thong tin ca nhan va hanh vi tai chinh, khach hang céa

nhan c6 thé duoc phan loai thanh cac phan khuc dién hinh, bao gom:
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Sinh vién: uu tién cac san pham tiét kiém nho, thé thanh toén tién loi, cac dich
vu hd tro hoc tap hoic chi tiéu hang ngay.

Ngueoi di lam: quan tam dén quan 1y thu nhap, tiét kiém dai han, dau tu va bao
hiém.

Doanh nhan va hg kinh doanh: chu yéu quan tim dén céc san pham tin dung,
c4c giai phap dau tu, quan ly dong tién va bao hiém rui ro.

Huru tri: wu tién bao toan vén, tiét kiém dai han, cac san pham cham soc stc
khoe va dich vu ngan hang an toan.

Mdi phan khic khach hang c6 muc tiéu tai chinh, hanh vi tiéu ding va kha
nang chap nhan rai ro riéng, do d6 viéc xac dinh rd dic trung hanh vi va nhu cau cia
tirng nhom 13 co sé quan trong dé xay dung cac hé thdng khuyén nghi c& nhan hoa.
Khi hé thong nam bit chinh xac cac théng tin nay, kha nang cung cip goi y san pham
phl hop s& duoc t6i wu hoa, tir d6 nang cao hiéu qua tu van va su hai l1ong cia khach
hang.

2.2. Ngudn dir liéu va dic diém

Dir liéu la yéu té nén tang trong bat ky hé théng khuyén nghi nao, quyét dinh
tryc tiép chat luong du doan va hiéu qua goi ¥ san pham. Trong hé théng nghién ctu
nay, dir liéu duoc stir dung la dir liéu mé phong (synthetic data), dwoc xay dung dua
trén cac kich ban nghiép vu thyc té ciia ngan hang.

e Thanh phan dir liéu:

Nguon dir liéu md phong duoc t6 chic thanh ba thanh phan chinh, twong tng
Vi cac thuc thé co ban trong ngan hang.

Ho6 so khdch hang (Customers):

o Ghi nhan cac thudc tinh nhan khau hoc co ban nhu tudi, giéi tinh, nghé

nghiép, mac thu nhap va vung dia ly.

o Bao gom cac thong tin lién quan dén muc tiéu tai chinh va kha nang chap

nhan rui ro, phuc vu viéc phan loai phan khuc khach hang.
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o Phan khiic khach hang dugc xac dinh dua trén su két hop giira dic diém
nhan khau hoc va hanh vi tiéu dung, vi du: sinh vién, nguoi di lam, doanh
nhan hoac nhom huu tri.

Ho so khach hang 1a thanh phan quan trong dé hé théng khuyén nghi hiéu va

du doan sé thich, nhu cau tai chinh ca nhan.

Danh muc san phdm (Products):

o Bao gom tén san pham, nhoém dich vu (tiét kiém, vay, bao hiém, ngan hang
$6, dau tu, ...), dac diém san pham va nhém muc tiéu khach hang.

o Céc thdng tin nay gitp hé thdng khuyén nghi xac dinh san pham phu hop
Vvéi tirng phan khic khach hang, dong thoi hd tro danh gia su ph hop gitra
san pham va s¢ thich cua ngudi dung.

o Viéc phan loai san pham theo nhdm dich vu va dic diém cu thé giip mo
hinh hoc dugc méi quan hé giita hanh vi khach hang va céc loai san pham.

Lich sir giao dich (Transactions):

o Ghi nhan céac tuong tac cua khach hang vai san pham, bao gom mé khéch
hang, ma san pham, diém danh gi4 (rating) va thoi gian giao dich.

o Lich sir giao dich phan anh hanh vi thuc té va sé thich ciia khach hang dbi
Vi ting san pham, tir d6 cung cap di liéu huan luyén quan trong cho céc
mo hinh collaborative filtering hoac hybrid.

o Théng qua dit liéu nay, hé théng cd thé phat hién cac mau hanh vi, du doan
xu huéng sir dung san pham, tir d6 cung cap cac goi ¥ ca nhan hoa.

e Luu trir dir liu:
Céac tap dir liéu duoc quan ly va luu trir trén hé quan tri co s¢ dir liéu
PostgreSQL, dudi dang cac bang quan hé, cho phép:
o Truy xuét linh hoat théng tin khach hang, san pham va lich sir giao dich.
o Thuc hién céc thao tac truy van phuc tap, nhu loc, phan loai, nhém va danh

gia cac chi sb thong keé.
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o Dé& dang mé rong khi trién khai trén nén tang tng dung Flask hoic cac hé
thdng backend khac, dam bao kha nang tich hop véi cac mé hinh hoc may
va khuyén nghi.

Viéc chuan hoa dir liéu thanh ba bang chinh — customers, products va
transactions — tao ra mot cau tric dir liéu chuan, gitp hé thdng khuyén nghi huan
luyén, danh gia va trién khai mot cach hiéu qua. Bdng thoi, ciu tric nay cling cho
phép mo rong cac bang bd sung trong twong lai, vi du nhu bang ghi nhan phan hoi
cua khach hang, lich s truy cap digital banking (“ngan hang sé”) hoic thong tin uu
d3i, nham nang cao kha ning c4 nhan hoa va do chinh xac caa hé thong.

e Vai tro dix liéu trong hé thong khuyén nghi

Dir liéu mé phong khdng chi gitip md phong cac tinh hudng thuc té trong ngan
hang ma con 1a nén tang dé huan luyén cac md hinh khuyén nghi, tir cac phuong phap
dwa trén noi dung (CBF) dén CF va hybrid; danh gia chat lwong céc goi ¥ san pham
bang phwong phép so sanh dy doan vai dir liéu md phong da biét; cai thien trai nghiem
nguoi diing bang cach cung cap goi ¥ san pham phil hop véi dic diém, hanh vi va nhu
cau thuc té cua tirng nhom khach hang.

Nho vay, viéc xay dung cling nhu quan ly dix ligu md phong cé vai tro trung
tam trong viéc phat trién hé thong khuyén nghi, dam bao tinh kha thi, chinh xéac va
hiéu qua trong béi canh nghién ciru ma khdng vi pham quyén riéng tu ciia khach hang.
2.3.  Phan tich yéu cau hé théng khuyén nghi

Viéc phan tich va xac dinh yéu cau hé thdng 1a mot budc quan trong trong qué
trinh thiét ké hé thong khuyén nghi, nham dam bao rang md hinh phét trién khéng chi
dap ung duoc muc tidu ca nhan hoa san pham cho tirng khach hang ma con co do
chinh xac cao, hiéu nang 6n dinh va kha ning tich hop linh hoat vao méi truong tng
dung ngan hang thyc té. Cac yéu cau hé théng duoc chia thanh hai nhém chinh: yéu
cau chirc nang va yéu cau phi chirc nang.

e Y&u ciu chitc ning:
Y&u cau chtrc ning mo ta c4c tinh ning ma hé théng phai thuc hién dugc, bao

gom:
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Quan ly thong tin khach hang

Hé thong cho phép nguoi dung nhap théng tin cua khach hang méi, bao gém
cac thudc tinh nhan khau hoc, muc tiéu tai chinh, kha ning chap nhan rui ro, hoic lya
chon khach hang di c6 dit liéu trong co so dit liéu. Viéc nay gitp hé thong cd thé xay
dung hd so khach hang day du va ca nhan hoéa, 1am co s& cho qua trinh sinh goi y san
pham.

Sinh gei y san pham c& nhan hda

Dua trén ho so khach hang va lich sir giao dich, hé théng tu dong dé xuat danh
sach cac san pham phu hop. Cac mé hinh khuyén nghi c6 thé sir dung nhiéu phuong
phap khac nhau, tir rule — based, content — based fitlering dén collaborative filtering,
hodc hybrid model két hop. Goi ¥ nay nham téi wu hoa kha ning khach hang chon
dugc san pham phi hop véi nhu cau thuc té, tir d6 nang cao trai nghiém va sy hai
long.

Giai thich ly do goi y

Hé thng can cung cap théng tin minh bach vé 1y do dé xuat san pham, vi du
“San pham phu hop véi muc tiéu tiét kiém caa khach hang” hodc “San pham dugc
nhiéu khéach hang cuing phan khic st dung”. Tinh ning nay gitp ting do tin cay cua
khach hang vao hé thdng, dong thoi hd tro qua trinh ra quyét dinh tai chinh ctua nguoi
dung.

e Yéu cau phi chirc ning:

Y&u cau phi chirc nang tap trung vao céc tiéu chi chat lugng va hiéu ning cua
hé thdng, bao gom:

Do chinh xac

Hé thdng can dam bao rang c4c goi y dua ra ¢ do tin cdy cao, dugc danh gia
qua céc chi s6 hoc may tiéu chuan nhu Precision@K, NDCG, MAE, RMSE. D6 chinh
xac cao khong chi nang cao hiéu qua khuyén nghi ma con tiang kha ning tin tuéng va
hai long cua khach hang.

Hiéu niing va kha ning phan hoi



30

Hé thdng can khai thac va xi ly dit liéu, sinh goi ¥ nhanh chong, dam bao kha
nang xu ly truc tuyén (real — time). Piéu nay dic biét quan trong khi trién khai trong
moi trudng s6, noi khach hang ky vong trai nghiém muot ma va phan hdi tac thi.

Kha niang mé rong va tich hep

Hé théng phai d& dang tich hop véi cac tng dung ngan hang hién c6 nhu
Internet Banking va Mobile Banking, dong thai cho phép mé rong khi thém khéch
hang, san pham hoac kénh giao dich mai.

Trai nghiém ngudi dungGiao dién can than thién, truc quan, dé thao tac va
hién thi rd rang céc goi y cung Iy do kém theo. Mét giao dién hiéu qua gitp khéach
hang nhan biét gia tri cua goi y, tir 46 nang cao sy twong tac va mirc do hai long véi
dich vu ngén hang.

Viéc xac dinh rd pham vi va tiéu chi danh gia hé théng khuyén nghi c6 y nghia
quan trong trong ca khia canh nghiép vu va k¥ thuat. Vé nghiép vu, dam bao hé thong
cung cap cac goi y phu hop véi muc tiéu tai chinh va nhu cau ca nhan cua khéch hang,
tir d6 t6i wu hiéu qua kinh doanh va nang cao chat luong dich vu. Vé ky thuat, hé
thdng can dam bao d6 chinh xé4c, hiéu ning va kha nang mé rong, dong thoi dé tich
hop v&i cac nén tang ngan hang sé hién c6. Nha viéc phan tich yéu cau mot cach chi
tiét va toan dién, qua trinh thiét ké, phat trién va trién khai hé théng khuyén nghi c6
thé dién ra sudn sé, giam thiéu rai ro ky thuat va ting kha niang dap (ng yéu cau va
ky vong cua khach hang.

2.4. Thiét ké kién trac hé thong khuyén nghi

Kién tric hé thong dugc xay dung theo md hinh bon 16p nham dam bao tinh
module, d& mo rong va thuan lgi cho viéc bao tri trong qua trinh van hanh. Mai l6p
dam nhan mot vai tro riéng trong chudi xir 1y dir liéu va sinh goi .

Céc thanh phan chinh:

e Giao dién nguoi dung (User Interface):
Lép nay cung cap moi truong twong tac truc tiép véi ngudi st dung. Giao dién

duoc trién khai bang Flask, cho phép nhap thong tin khach hang hoic truy xuat ho so
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c6 sin trong co sd dit liéu. Sau khi hé théng tao goi v, két qua duoc trinh bay truc
quan trén trinh duyét, kém theo giai thich ngan gon vé co sé cua tirng dé xuat.
e B¢ xur ly dir lieu (Data Processor):

Lép xir ly dir liéu chiu trach nhiém chuan héa dit liéu dau vao nham dam bao
tinh nhat quéan truéc khi dua vao mé hinh. Cac chirc nang chinh bao gom:

o Lam sach dix liéu (xtr ly gié tri thiéu, dinh dang khdng hop 16)

o Chuan hoa va ma hda thudc tinh dang sé va dang phan loai

o Xay dung cac biéu dién vector phii hop cho ting thuat toan.

Lép nay dong thoi xua Iy truy xuat dir liéu tir PostgreSQL, chuan héa dir liéu
dé pht hop véi cac md hinh khuyén nghi.

e B¢ khuyén ngh; (Recommendation Engine):

Bo may khuyén nghi 1a thanh phan trung tdm cta hé thdng, tich hop ba phuong
phap tiép can:

o Rule - based Filtering: 4p dung tap luat IF — THEN duoc thiét ké dua

trén dic diém ho so khach hang va thudc tinh san pham.

o Content — based Filtering: sir dung TF — IDF va d¢ twong dong cosine

dé danh gia mérc phu hop gitra mo ta san pham va dic trung nguoi dung.

o Collaborative Filtering: khai thac lich sir twong tic va hanh vi tuong

dong gitra cac khach hang dé dy doan mutrc d6 quan tam.

Pé nang cao chat lugng du doan, hé thong sir dung co ché Hybrid, két hop
cd trong s két qua tir ca ba phuong phéap. Viéc tong hop da mo hinh gitp tan
dung uu diém cua ting k¥ thuat, déng thoi giam thiéu cac han ché nhu di liu
thua hoac phu thuoc noi dung.

e Kho tri thize va co so dir liéu (Knowledge Base):

Lép nay luu trit toan bo théng tin cbt 16i cua hé thdng, bao gom hd so khach
hang, danh muc san pham, thugc tinh nghiép vu, lich st twong tac va dir liéu phan
hoi. Kho tri thie dong vai tro hd trg truy van nhanh va phuc vu cho qué trinh cap
nhat, hun luyén hoic tai du doan trong nhitng phién 1am viéc tiép theo.

Ludng hoat dong:
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Luéng hoat d6ng tong quat
1. Ngudi dung nhap théng tin hodc mé khach hang

!

2. Lam sach & chudn hoa — chuyén thanh vector dac
trung

!

3. Ba md hinh d@anh gié & tao diém cho tifng san
pham

!
4. Bd khuyén nghi lai tdng hdp & chon két qua t6i uu
!

5. Giao dién hién thi gdi y va ly do kém theo

Hinh 2.1: Ludng hoat dong tong quat ciia hé khuyén nghi
2.5. Phwong phap wéc lwgng va du doan

Dua trén cac khai niém va mé hinh Iy thuyét da trinh bay & Chuong 1, phan
nay md ta chi tiét cach trién khai phuong phap udc lugng va dy doan trong hé thong
khuyén nghi dich vu ngan hang, nham dam bao do chinh xac, kha nang ca nhan hoa
va tinh minh bach cua két qua goi y. Hé thdng duoc thiét ké két hop nhiéu k¥ thuat,
khai théac ca tri thire chuyén gia, dic diém san pham va hanh vi khach hang.

2.5.1. Phwong phap dwa trén luat (Rule — based System)

Hé théng dura trén luat (Rule — based System) md phong quy trinh tu van truyén
théng ciia chuyén vién ngan hang thdng qua cac luat IF — THEN, dugc xay dung dua
trén tri thirc chuyén gia va dic diém ho so khach hang. Chang han, “Néu khach hang
c6 muc tiéu tiét kiém va thu nhap dudi 10 triéu déng thi goi ¥ goi tiét kiém co ban”.
Uu diém ciia phuwong phap nay 1a tinh minh bach, dé giai thich va dam bao tuan tha
quy dinh noi bo. Trong hé thdng, cac luat duoc trién khai dudi dang bang diéu kién

va hanh dong, cho phép cap nhat linh hoat khi chinh sach hoac san pham thay déi.
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2.5.2. Phwong phap loc theo ngi dung (Content — based Filtering).

Phuong phap loc theo noi dung (CBF) tap trung vao viéc so sanh dac trung
cua san pham véi hd so khach hang. Céc dic trung duoc biéu dién dudi dang vector
TF — IDF, va mirc d6 phi hop dugc tinh toan bang cosine similarity. Cach tiép can
nay gitp dé& xuat cac san pham twong ty v&i nhitng san pham ma khach hang di quan
tam hoac st dung, dic biét hitu ich ddi véi ngudi ding mai, khi hé thdng chua cé dir
liéu cong tac tir nhitg ngudi dung khac. Két qua du doan dugc chuan héa vé thang
danh gia 1 - 5, thuan tién cho viéc két hop vai cac phuong phap khac trong mé hinh
lai.

2.5.3. Phuwong phap loc cong tac (Collaborative Filtering)

Phuong phap nay khai thac hanh vi tuong tac ctia nhom khach hang dé du doan
sa thich ca nhan. Hé théng xay dung ma tran ngudi ding — san pham va két hop user
— based CF voi item — based CF nham tan dung wu diém cua ca hai huéng tiép can.
CF gilip khai théc tri thic tir cong dong ngudi ding, mé rong pham vi goi y vuot ra
ngoai lich st st dung riéng 1¢ va phat hién cac san pham tiém ning dwa trén théi quen
chung. Piém du doan cudi cung ciling duoc chuan hoa vé thang diém 1 — 5 dé dam
bao kha nang so sanh khi tich hgp vai cac mé hinh khéc.

2.5.4. M6 hinh lai (Hybrid Recommendation Model)

M3 hinh lai duoc xay dyng nham tan dung wu diém cua timg phuong phap bao
gom Collaborative Filtering, Content — based Filtering va Rule — based. Céch tiép can
nay gilp khac phuc han ché cold — start & khach hang méi, khi ho chua c6 lich sir
giao dich, dong thoi tang tinh 6n dinh va d6 tin cay cua két qua goi V.

Trong hé thng trién khai, mo hinh lai dugc thiét ké theo huéng Adaptive
Hybrid, tic trong sé cua cac thanh phan khong ¢b dinh ma duoc diéu chinh dwa trén
muc d6 hoat dong cua khach hang. Véi nguoi dung mai, hé théng uu tién Content —
based va Rule — based dé dam bao goi y van chinh xac du khong c6 thong tin dit liu
lich st cia khach hang. Khi khach hang c6 nhiéu giao dich hon, trong sé cua
Collaborative Filtering duoc ting dan dé khai thac hanh vi cong tac ctia nhom nguoi

dung twong tr. Diém du doan cudi cung duoc tinh bang tong hop c6 trong sb cua ba
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mo hinh va duoc chuan héa vé thang diém 1 - 5, bao dam tinh nhit quan va kha ning
so sanh gifta cac san pham.

Su két hop linh hoat cua cac phuong phap trén cho phép hé théng dap tng da
dang nhu cau khach hang, tir nguoi ding méi dén nhitng nguoi dung sé hitu lich sir
giao dich phong phu, dong thoi can bang giira d6 chinh xéac va kha ning giai thich.
Nho co ché adaptive weighting, mé hinh c6 thé cai thién hiéu qua theo thai gian, ti
uu hoa kha niang ca nhan hoa va dam bao céc goi ¥ phu hop véi dic diém tai chinh,
muc tiéu va hanh vi caa tirng khach hang, déng thoi tuan thii cac quy dinh nghiép vu
ngan hang va bao vé théng tin khach hang.

2.6. Kétluan chwong 2

Chuong 2 di xay dung nén tang ly thuyét va ky thuat cho hé théng khuyén
nghi dich vu ngan hang théng qua viéc phéan tich nguoi dung, md ta nguon dir liéu,
xéc dinh yéu cau hé thdng va thiét ké mé hinh kién tric tong thé. Trude hét, viéc phan
tich dic diém va hanh vi cia timg nhém khach hang gitip dinh hinh rd nhu cau tai
chinh, 1am nén tang cho viéc ca nhan hoa goi y. Bo dir liéu md phong duoc thiét ké
day du va chat ch&, phan anh mdi quan hé gitra khach hang — san pham — lich st giao
dich, tao tién dé cho viéc huan luyén va danh gia mé hinh.

Céc yéu cau chuc ning va phi chire ning duoc xac dinh cu thé, dam bao hé
théng khong chi dap (g muc tiéu nghiép vu ma con phi hop véi kha nang trién khai
thuc té trong méi treong ngan hang sb. Kién tric hé théng duoc thiét ké theo hudng
module hoéa, tAch biét rd rang cac 16p xi ly dir liéu, m6 hinh du doan va giao dién
nguoi dung, giap dam bao kha nang bao tri, mé rong va tich hop.

Bén phuong phap goi ¥ (RB, CBF, CF, Hybrid) duoc lya chon va phan tich
dua trén wu nhuge diém riéng, tao thanh mot khung k§y thuat toan dién dé téi wu do
chinh xac, kha ning thich tng va mtc d6 giai thich cua hé théng. Dic biét, md hinh
Hybrid cho thay sy pht hop cao trong bdi canh bai toan, nho kha nang dung hoa gitra

dit liéu hd so va hanh vi cong tac.
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Téng thé, Chuong 2 di hinh thanh mét thiét ké hoan chinh va ¢ dinh huéng
rd rang, tao nén tang virng chic cho viéc trién khai thuc nghiém, danh gia mé hinh va

xay dung giao dién ing dung dugc trinh bay trong Chuong 3.
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CHUONG 3: XAY DUNG UNG DUNG

Chuong nay trinh bay qua trinh hién thuc héa md hinh khuyén nghi dich vu
ngan hang da duoc thiét ké & Chuong 2. Cac ndi dung bao gom lya chon cong nghé,
xay dung dit liéu thir nghiém, hun luyén mé hinh, phét trién giao dién ung dung bang
Flask, va danh gia hiéu qua caa hé théng.
3.1.  Nén tang va cong cu trién khai

Hé thong khuyén nghi duogc trién khai trén nén tang Python 3.11, mot ngon
ngir duogc st dung rong réi trong xtr ly dir liéu va mé hinh héa hoc may. Python s&
hitu hé sinh thai thu vién phong phu, hd trg manh cho cac tac vu tién xi ly dir liéu,
xay dung mé hinh, danh gia va trién khai hé thong, dac biét phi hop véi cac tng dung
khuyén nghi trong linh vuc tai chinh — ngan hang.
3.1.1. Céac cong nghé va thw vién sir dung

Bang duéi ddy cung cap cai nhin tong quan vé cac cong cu, thu vién va muc
dich sir dung trong qué trinh xay dung hé thng:

Bang 3.1: Cac cong nghé va thw vién sir dung

Nhom cong cu Coéng cu / Thu vién Muc dich sir dung
. Trién khai toan bo md hinh
Ngobn ngir lap trinh Python 3.11 o )
va pipeline xu ly
Xay dung API Backend va
Web framework Flask o
giao dién web don gian
) Quan ly dir liéu khach hang,
Co sé dir liéu PostgreSQL —_— o
san pham va lich str giao dich
Xir ly va phan tich Tién xtr ly, chuan hoa dit lidu
_ Pandas, NumPy o
dir liéu va xay dung bang déc trung
. Tinh TF - IDF, cosine
M6 hinh hgc may Scikit-learn
similarity, danh gia mo hinh
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] Pandas, NumPy, Scikit-
Loc cgng tac
learn

Tinh toan diém du doan dua
trén ma tran ngudi dung —san

pham

Precision@K, NDCG,

Panh gia mo6 hinh
MAE, RMSE

Do luong chat luong du doan

va muc do phu hop goi y

Giao dién va trinh
. HTML, CSS, Bootstrap
bay

Hién thi danh sach goi ¥ va
giao dién nhap théng tin

khéch hang

3.1.2. Co sé lga chon cong nghé

Céc cbng nghé duoc lya chon dua trén cac tiéu chi:

e Tinh on dinh va tin cay: Python va PostgreSQL déu dugc st dung rong rai

trong hé thong san xuét cua nhiéu to chic tai chinh.

e Kha ning hd tro phan tich dit liégu manh mé: Bo thu vién Pandas, NumPy;,

scikit — learn 1a tiéu chuan trong linh vuc xir ly dit liéu, mé hinh du doan.

e D@ dang trién khai va tich hop: Flask cho phép dong g6i mo hinh thanh API,

thuan tién trong két ndi dén cac hé théng ngan hang san cé hoic ung dung

web.

e Tinh mé rong caa md hinh: Nén tang Python cung cap kha nang linh hoat cho

viéc tich hop nhiéu thuat toan khuyén nghi khac nhau, bao gom RB, CBF, CF

va hybrid.

Viéc lua chon cdng nghé trén nham phét trién mot hé khuyén nghi vai kién

trdc nhe, dé trién khai, tich hop thuan tién vao méi truong ngan hang so, déng thoi

dam bao hiéu ning, kha ning m& rong cho céc thuat toan khuyén nghi.

3.2. Xay dwng tap dir liéu miu

Trong thyc té, dit liéu giao dich va hanh vi khach hang trong linh vuc ngan

hang rat kho tiép can do cac yéu cau nghiém ngat vé bao mat théng tin va quyén riéng

tu. Vi vay, trong pham vi dé &n, hé thong khuyén nghi duoc xay dung va danh gia

dua trén mot tap dir liéu mé phong (synthetic dataset) thay cho dir liéu khach hang

thuec.
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Tap dit liéu nay khéng duoc sinh ngau nhién thuan tiy, ma duoc thiét ké va
tao 1ap dya trén cac quy luat nghiép vu ngan hang bén 1¢, két hop véi cac phan b xac
suit c¢6 kiém so&t nham phan anh hop Iy hanh vi va nhu cau cua khach hang ca nhan.
Nho d6, dir liéu van dam bao tinh thuc té, tinh da dang va tinh nhat quan logic giira
cac thyc thé trong hé théng.

Bo dit liéu gom ba thanh phan chinh: hd so khach hang (Customers), danh muc
san pham ngan hang (Products) va lich st giao dich — dénh gia (Transactions). Ba
thanh phan nay dugc lién két chat chg, thé hién méi quan hé nhiéu — nhiéu gitra khéach
hang va san pham, dong thoi cung cap day du thong tin dau vao cho cac mé hinh
khuyén nghi duoc trién khai trong dé an, bao gom Rule — based, Content — based
Filtering va Collaborative Filtering.

So d6 tong quan cau tric dit liéu duoc mo ta & hinh dudi, thé hién ba bang

chinh cuing méi quan hé gitra chdng.

8 customers
#:5 customer _id varchar(50)
"ec goal varchar(50)
REC segment varchar(50)
123 age intd
123 income numeric(12, 2)
123 term int4
[+ digital_user bool
[+ prefer_mobile bool
Hrec location varchar(100)
AR gccupation wvarchar(100)
7 transactions
i transaction_id varchar(50)
"ec customer_id varchar(50)
re¢ product_id varchar(50) = products
22 amount numeric(12, 2) #; product_id varchar(50)
ot channel varchar(50)
. rec product_name varchar(200)
123 frequency int4
123 rating numeric(3, 2) we¢ product_type varchar(100)
- Aec category_code wvarchar(50)
D created at fimestamp et goal varchar(50)
jrec target_segment varchar(100)
123term_min int4
123 term_max int4
123 income_min numeric(12, 2)
123income_max numeric(12, 2)
123interest_rate numeric(5, 2)
123 fee numeric(12, 2)
123rating numeric(3, 2)
[ digital_support bool
nec features text
mec syitable_for text
rec description text
Ree risk_level varchar(50)
[/ collateral_required bool
RBE currency wvarchar(10)
Aec channel text

Hinh 3.1: So' d6 quan hé giira cic bang trong tap dir liéu mé phéng
3.2.1. Hd so khach hang (Customers)



39

Tap dit liéu khach hang gdm 1000 hé so, mdi hd so dai dién cho mét khach
hang c4 nhan duoc md phong. Céc thudc tinh cia khach hang duge sinh theo co ché
ngau nhién c6 kiém so4t, trong d6 viéc sinh dit liéu khéng doc 1ap hoan toan ma chiu
su chi phdi boi phan khic khach hang (segment) va muc tiéu tai chinh (goal). Cach
tiép can nay nham dam bao di liéu phan anh hop 1y hanh vi nguoi dung va cac dic
trung nghiép vu phd bién trong ngan hang ban Ié.

Céc trudng thdng tin chinh trong bang Customers bao gom:

e customer_id: ma dinh danh duy nhat cho méi khach hang.

e goal: muc tiéu tai chinh chinh caa khach hang, bao gom céc nhom nhu mo tai
khoan, tiét kiém, vay, thanh toan, ngan hang s, thé tin dung, bao hiém va dau
tu. Muc tiéu dugc gan theo phan bd xac suat nham md phong nhu cau thyc té
cua khéach hang ca nhan.

e segment: phan khic khach hang, géom student, low_income, employee,
business, vip, retired. Mdi phan khic twong tng véi nhiing dic diém dién hinh
vé d6 tudi, thu nhap va hanh vi sir dung dich vu.

e Age: d6 tudi cua khach hang, dugc sinh trong khoang gia tri phi hop vai ting
phan khic (vi du: student tir 18-25, retired tir 65 tudi,...)

e Income: thu nhap trung binh hang thang, gan theo mtrc dac trung cua tung
segment, phan &nh sy chénh léch thu nhap gitra cac nhém khach hang.

e Term: thoi han dy kién sir dung san pham (0, 6, 12, 24 hoic 36 thang).

e Digital_user: bién nhi phan thé hién khach hang cé sir dung dich vu ngan hang
s6 hay khong, vai ty 18 khoang 70% 1a nguoi dung dich vu sb.

e Prefer_mobile: mic d6 uvu tién su dung kénh mobile, chi &p dung cho nhém
digital _user.

e Location: dja diém sinh séng caa khach hang, duoc chon ngiu nhién tir danh
sach c4c tinh, thanh phd nham tang tinh da dang dia ly.

e Occupation: nghé nghiép mé phong (office_staff, engineer, student, teacher,

entrepreneur).
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Dir liéu khach hang khong chi dugc sinh ngau nhién ma con tuan theo cac quy
luat nghiép vu co diéu kién. Cu thé, do tudi va thu nhap duoc xac dinh dua trén phan
khuc khach hang, giup tranh cac truong hop phi thuc té nhu khach hang sinh vién c6
thu nhap rat cao hoic khach hang da nghi huu c6 d6 tudi qua thap. Bén canh do, cac
bién hanh vi s6 nhu digital user va prefer mobile duoc gan Vi Xac suat cao hon ddi
v6i nhdm khach hang tré, phan anh xu huéng sir dung kénh sé ngay cang phd bién
trong thuc té.

Ngoai ra, muyc tiéu tai chinh (goal) cua khach hang c6 méi lién hé chat ché véi
phan khtc va mac thu nhap. Nhém khach hang thu nhap thap hoic sinh vién thuong
uu tién cac san pham tiét kiém, thanh toan co ban hoic ngan hang sé, trong khi cac
phan khc c6 thu nhap cao hon nhu business hoic vip ¢6 xu huéng quan tam nhiéu
hon dén cac san pham dau tu, bao hiém hoac tin dung. Cach sinh dit liéu nay giup tap
Customers duy tri dugc tinh nhat quan logic, ddng thoi tao nén tang phi hop cho viéc
trién khai cac md hinh khuyén nghi trong cac phan tiép theo.

3.2.2. Danh muc san pham ngan hang (Products)

Tap di liéu san pham duoc xay dung nham md phong danh muc dich vu da
dang ma ngan hang cung cap, bao gom cac nhém chinh nhu tai liéu thanh toan, tiét
kiém, tin dung, bao hiém va ngan hang sé. Cac trudng dit liéu duoc thiét ké dé phan
anh day du dac tinh nghiép vu ciing nhu phuc vy cho cac md hinh khuyén nghi khac
nhau (RB, CBF, CF):

Bang Products bao gom cac trudng:

e Product_id, product_name, product_type, category code

e Goal: nhém nhu cau tai chinh ma san pham hudéng téi (vi du: tiét kiém, thanh
toan, vay, bao hiém).

e Target_segment: nhém khach hang duoc san pham hudng téi.

e Term_min, term_max: thoi han tdi thiéu, toi da ap dung cho géi san pham.

e Income_min, income_max: khoang thu nhap yéu cau ddi véi khach hang.

e Interest_rate, fee: cac thong s tai chinh bao gdm I4i suat va mic phi sir dung.
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e Rating: diém danh gia san pham (thang 1 — 5) do hé théng mé phong dua trén
muirc d6 phu hop.

 Digital_support: kha ning hd trg giao dich qua kénh sb.

e Features, suitable for, description: tap thuoc tinh, nhém khach hang phu hop
va md ta chi tiét san pham; cac truong ndy phuc vu truc tiép cho méd hinh
Content — Based Filtering.

e Risk_level: muc do rui ro cua san pham, dic biét relevant déi véi san pham
tin dung hoic dau tu.

e Collateral_required: yéu cau tai san dam bao (néu co)

e Currency: loai tién té ap dung.

e Channel: danh sach kénh phan phdi (quay giao dich, online banking, mobile
app, ...)

Dit liéu dugc sinh ra dua trén quy luat nghiép vu: vi du, céc san pham tin dung
c6 mixc rii ro cao hon va yéu cau tai san dam bao, trong khi cac san pham ngan hang
s6 ludn hd tro kénh digital. Cac trudong dinh luong nhu interest_rate, fee, popularity
dugc mé phong theo phan phéi hop ly theo tirng loai san pham; con cac truong mo ta
duoc tao theo mau dé dam bao tinh théng nhat va hd tro hiéu qua cho viéc tinh toan
TF — IDF trong md hinh Content — Based Filtering.

3.2.3. Lich sir giao dich (Transactions)

Tap dir liéu Transactions dugc xay dung nham mé phong lich sir twong tac
giita khach hang va cac san pham ngan hang. Pay 1a thanh phan quan trong nhat doi
véi mé hinh Collaborative Filtering, boi n6 phan anh truc tiép méi quan hé gitra khach
hang va san pham duéi dang cac cap (user, item) kém theo tin hiéu danh gia. Tir do,
hé théng c6 thé xay dung ma tran ngudi ding — san pham (user — item matrix) phuc
vu cho viéc hoc va du doan so thich.

MJi ban ghi trong bang Transactions dai dién cho mét san pham khach hang
d3 str dung hoic c6 twong tac. Cac truong dir liéu bao gom:

e Customer_id, product_id: khéa ngoai lién két dén bang Customers va

Products, thé hién mdi quan hé gitra khach hang va san pham.
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e Amount: gia tri giao dich hoic han mac sir dung san pham; gié tri duoc tao
ngau nhién trong khoang hop Iy tly theo loai san pham, phan anh d6 da dang
trong mac do st dung.

e Channel: kénh giao dich ma khach hang si dung (quay giao dich, Internet
Banking, Mobile Banking, ...), dir liéu dugc lua chon dya trén danh sach kénh
ma tirng san pham hd trg, dam bao tinh hop 18 nghiép vu.

e Frequency: tan suat st dung san pham (hang thang, hang nam, ...), mé phong
hanh vi tiéu ding thuc té va mac d6 gan bo caa khach hang.

e Rating: diém danh gia mic d6 hai 10ng hoac mic do phl hop cua san pham
dbi vai khach hang, duoc chuan hoéa trong thang diém tir 1 dén 5.

Co ché sinh dir liéu giao dich

Dit liéu giao dich khéng duoc sinh ngau nhién thuan tay ma dugc xay dung
dua trén ba co ché chinh, nham dam bao vira phan anh hanh vi thyc té vira dap @ng
y&u cau huan luyén md hinh Collaborative Filtering.

(1) Gan sdn pham theo muc tiéu tai chinh

Mbi khach hang duoc gan mot nhém san pham chinh ph hop véi muc tiéu tai
chinh (goal) cua ho. Cu thé, mdi khach hang c6 thé duoc géan tir 3 dén 6 san pham
thudc cling nhdm nhu cau nay. Céch tiép can nay phan anh thyc té nay khach hang
thuong tap trung sir dung cac san pham xoay quanh nhu cau cét 18i, vi du khach hang
c6 muc tiéu “tiét Kiém” s& wu tién cac goi tiét kiém khac nhau.

(2) Sinh giao dich ban chéo (cross-sell)

Bén canh san pham chinh, hé théng 4p dung mot tap quy tic ban chéo (cross
— sell map) duoc xay dung duya trén chién luoc kinh doanh phé bién cua ngan hang
ban I¢.

Vi du: khach hang st dung san pham tiét kiém c6 xu huéng st dung thém ngan
hang sé hoic thé tin dung, khach hang quan tim dén vay vén thuong phat sinh nhu
cau bao hiém hoic ma tai khoan thanh toan.

Co ché nay gidp dix liéu thé hién duoc hién tugng ban chéo mét cach tu nhién,

d6ng thoi tao ra mdi lién hé gitra cac nhoém san pham khac nhau.
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(3) B sung giao dich dé dam bao mdt dé ma trdn

Dé dam bao ma tran nguoi ding — san pham khong qua thua, hé thong sé& sinh
bd sung céc giao dich ngau nhién cd kiém soét cho cac cip khach hang — san pham
chua ting twong tac. Viéc bo sung nay giup ting s6 luong giao dich 1én khoang 20000
ban ghi, dam bao dir liéu phong phti @& méd hinh Collaborative Filtering hoc duoc cac
mau hanh vi ¢6 y nghia.

Sinh diém danh gia (Rating)

Piém danh gia rating khong duoc sinh ngau nhién hoan toan, ma dugc xac
dinh dya trén mtrc 6 phi hop giita hd so khach hang va dic tinh cua san pham. Muc
d6 phu hop nay duoc tinh toan dya trén cac yéu td nhu: su tring khép vé muc tiéu tai
chinh (goal), su phu hgp vai phan khic khach hang (segment), thu nhap caa khach
hang nam trong khoang yéu cau caa san pham, kha niang hd trg kénh sé dbi véi khach
hang st dung dich vu sb.

Tir diém phi hop nay, hé thdng anh xa sang mat gié tri rating co sd, sau d6
cong thém nhidu ngau nhién nho, nham phan anh sy khac biét trong cam nhan chu
quan cia ngudi dung va tranh viéc dir liéu tré nén qué ly twong. Rating cudi cing
duogc gidi han trong khoang tir 1 dén 5 va dong vai tro 1a tin hiéu dau vao chinh cho
mé hinh Collaborative Filtering.

Vai tro cia tap dir liéu Transactions

Nho cac co ché sinh dit liéu trén, tap Transactions thé hién duoc nhiéu dic
diém gan vai dit liéu thuc té: khach hang c6 thé tuong tac vai nhiéu nhdm san pham
khac nhau, xuat hién hanh vi ban chéo va mac d6 danh gia da dang. Ma tran ngudi
ding — san pham c6 mat d6 cao hon so véi di liéu thuc, gitp md hinh Collaborative
Filtering hoat dong hi¢u qua ngay ca vai quy mo dix ligu vira phai.

Tap dit liéu Transactions gitt vai tro trung tdm trong dé &n: cung cap tin hiéu
danh gid cho mé hinh Collaborative Filtering, hd tro két hop véi dir liéu noi dung
trong mo hinh Hybrid, va cho phép danh gia hiéu qua hé théng khuyén nghi thong
qua cac chi sb Precision@5, NDCG@5, MAE va RMSE. Qua d6, dit liéu tro thanh
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cau ndi gitta hanh vi nguoi dung mé phong va kha ning hoc cua cac md hinh khuyén
nghi duoc trién khai.
3.3.  Xirly va huan luyén dir liéu
Quaé trinh huan luyén dugc thuc hién qua bén budce chinh:
3.3.1. Tién xir ly dir liéu

Trudce khi dua dir liéu vao huan luyén cac mé hinh khuyén nghi, dix liéu tir ba
bang Customers, Products va Transactions duoc tién hanh tién xa Iy nham dam bao
tinh nhat quéan, giam nhiéu va phu hop vai yéu cau caa cac mé hinh Rule — based,
Content — based va Collaborative Filtering.

Chuan hoéa dix liéu vin ban

Céc truong dir liéu dang vin ban c6 lién quan dén viéc khép quy tic va md ta
noi dung san pham bao gom goal, segment (trong bang Customers), goal,
target_segment, product_name (trong bang Products) dwoc chuan héa bing céch
chuyén toan bd vé chir thuong nham tranh sai léch do khéc biét kiéu chit, loai bo
khoang tring thira va cac gia tri khéng hop 1¢, thay thé cac gia tri thiéu bang chudi
rong dé dam bao qua trinh xir Iy khdng bi gian doan.

Budc chuan héa nay giup ting do chinh xéac khi so khép luat trong hé thdng
rule —based va khi x@y dung dic trung ndi dung cho md hinh content — based filtering.

Chuan hoa dir liéu dinh danh va danh gia

Cac truong dinh danh customer_id va product_id trong ca ba bang duoc ép
kiéu théng nhat nham dam bao kha ning lién két dir liéu giira cac bang.

Truong rating trong bang Transactions dugc ép kiéu sb, xt ly cac gia tri 15i va
dugc gii han trong mién [1, 5], pht hop véi thang do danh gia mirc do hai long cua
khach hang ddi véi san pham.

Xay dwng ma tran ngwoi dung — san pham (User — Item Matrix)

T tap dir liéu Transactions sau tién xu Iy, hé thong xay dung ma tran nguoi
ding — san pham (user — item matrix) dé phuc vu cho méd hinh Collaborative Filtering.

Cu thé, mdi phan tir trong ma tran biéu dién diém danh gia trung binh ciia mot

khach hang dbi véi mot san pham. Trong trudng hop mot khach hang cso nhiéu giao
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dich véi cling mot san pham, gid tri rating dwoc téng hop bing cach lay trung binh
c4c lan danh gia.

Quaé trinh x&y dung ma tran duoc thuc hién theo cac budc:

(1) Nhém dir liéu giao dich theo cap (customer _id, product _id) va tinh rating
trung binh.

(2) Chuyén ddi dir liéu sang dang ma tran, trong d6 hang dai dién cho khéch
hang va cot dai dién cho san pham.

(3) Cac cap khach hang — san pham chua timg tuong tac dugc gan gia tri 0, thé
hién chua c6 danh gia.

(4) Loai bo céc khach hang c6 s6 lugng tuong tac nhé hon 2 nham dam bao
dit liéu da thdng tin cho viéc hoc twong dong trong mé hinh loc cong tac
va han ché nhiéu.

Céch tiép can nay gilp giam do thua ctia ma tran va cai thién hiéu qua hoc cua

mo hinh Collaborative Filtering trong diéu kién dit liéu md phong c6 quy mo

vira phai.

Téach tap huan luyén va tap kiém tra

Sau khi xay dung ma tran user — item, dir liéu dugc chia thanh hai tap: tap

huan luyén (80%) dung dé huan luyén mé hinh, tap kiém tra (20%) dung dé danh gia
hiéu ning du doan. Viéc tach dir liéu duoc thuc hién theo timg ngudi ding. Véi moi
khach hang, mot tap con céc san pham da duoc danh gia s& dugc chon ngau nhién
lam tap Kiém tra, cac danh gia twong ¢ng trong tap huan luyén duogc dat vé 0. Cach
chia nay mé phong kich ban thuc té, trong d6 hé théng can du doan muc do phi hop
cua c4c san pham ma khach hang chua tirng st dung hoic chua ting danh gia.
3.3.2. Huan luyén md hinh khuyén nghi

Hé thdng trién khai ba mé hinh nén tang doc 1ap: rule — based, content — based

va collaborative filtering. Sau d6, diém sb tir cac mo hinh duoc két hop dé tao nén

mo hinh lai (hybrid recommender).
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e MO0 hinh Rule — based:
M6 hinh rule — based duoc xay dung theo tap luat IF — THEN nham phan anh

truc tiép cac nguyén tic nghiép vu ngan hang. Diém goi y cho tirng san pham duoc

tinh dya trén ba thanh phan:

(@)

Muc @6 phu hop vai muc tiéu (GoalMatch): So sanh gitra muc tiéu tai chinh
cua khach hang va muc tiéu san pham duya trén kiém tra twong dwong hodc
bao ham.

Phi hop phan khuc (SegmentMatch): Panh gia sy twong dong gita phan
khtc khach hang va phan khic muc tiéu caa san pham.

Phi hop thu nhap (IncomeMatch): Kiém tra viéc thu nhap cua khéach hang
nam trong khoang yéu cau cta san pham.

Phd hop nghé nghiép (OccupationMatch): Xac dinh muc do tuong thich
giita nghé nghiép caa khach hang va nhdm nghé nghiép ma san pham wu
tién hoac hudng tai.

Pht hop véi kénh sé (DigitalMatch): DPanh gia hanh vi st dung kénh sé
(mobile/web) caa khéach hang so véi yéu cau hoic nhdm muc tiéu caa san
pham.

Piém thuong (Bonus): Cong diém bd sung khi GoalMatch = 1 va
SegmentMatch = 1, thé hién mac d6 phi hop manh gitra khach hang va

san pham.

Diém sé cubi cung dwoc chuan héa vé thang [1, 5]:

Scoregg =1+ 4 X (Wyoq X GoalMatch + wy,4 X SegmentMatch +

Wincome X IncomeMatch + Woccypation X OccupationMatch + wy;girar X

DigitalMatch + Wy, X bonus) (3.1)

Mo hinh nay ddng thoi ghi nhan cac trudng hop khéch hang va san pham c6

su khép méi muc tiéu manh dé phuc vu phan tich mé rong.
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e MO0 hinh Content — based Filtering:

M6 hinh st dung IF — IDF dé xay dung khong gian dic trung, biéu dién mo ta

san pham. Di liéu van ban két hop tir product_name, description, features, va goal

tao thanh kho tir ving cho toan b hé san pham.

Cac budc chinh:

(@)

Huén luyén bo bién doi TF — IDF dé tao ma tran biéu dién dic trung cho

san pham.

Mbi khach hang duoc anh xa thanh mot vector hd so dua trén thong tin

goal, segment va occupation.

Do tuong dong cosine gitra khach hang va ting san pham duoc tinh toan.

Diém s cudi cing duoc tong hop tir bon thanh phan:

Scorecg = 0.4 X Similarityg;pr + 0.3 X GoalMath + 0.2 X
SegmentMatch + 0.1 X NumbericFit (3.2)

Trong d6 NumericFit phan anh muc tuong déng dinh lugng giita muc xép

hang san pham va thu nhap da chuan héa caa khach hang.

Diém s6 duoc chuan hoa vé thang [1, 5] dé dam bao tinh nhat quan véi cac mo
hinh khéc.
e MO hinh Collaborative Filtering:

Trong d¢ 4n, mo hinh Collaborative Filtering (CF) duoc trién khai nham khai

thac thong tin tir hanh vi va dénh gia ciia khach hang d6i vai cac san pham ngéan hang.

Do dic thu dix liéu md phong c6 quy mé vira phai va ma tran ngudi ding — san pham

Vvan ton tai do thua nhat dinh, dé an &p dung hai bién thé phé bién cua CF, bao gém

Item — based Collaborative Filtering va User — based Collaborative Filtering, sau do

két hop két qua ctia hai mé hinh dé ting d6 6n dinh va do chinh xac cua du doan.

(@)

Item — based CF:

O bién thé item — based CF, trong tdm 1a do ludng mirc do twong ddng gitra
c4c san pham dua trén hanh vi danh gia cta nguoi ding. Ma tran nguoi
ding - san pham dugc chuan hoa theo ngudi ding bang cach trir di gia tri

danh gia trung binh cua mdi khach hang. Buéc chuan hda nay nham loai
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bo thién 1éch ca nhan trong thoi quen danh gia (vi du: ¢6 khach hang thuong
danh gia cao hon mit bang chung).

Diém du doan ciia mot khach hang déi véi mot san pham duoc tinh dya
trén téng co trong s gitra mirc do trong dong cua san pham dé véi cac san
phdm ma khach hang di timg danh gia va diém danh gia twong ung cua
khach hang cho cac san pham nay.

Cach tiép can item — based gitip mé hinh hoat d6ng 6n dinh ngay ca khi s6
lugng ngudi dung 16n va c6 kha nang khai thac tot méi quan hé ngam gitra
cac san pham ngan hang.

User — based CF:

Véi bién thé User — based CF, mé hinh tap trung vao viéc tim kiém cac
nguoi dung c6 hanh vi twong ty nhau. Cu thé, do twong dong giira céc
khach hang duoc tinh toan bang cosine similarity duwa trén vector danh gia
san pham cua ting ngudi dung. DI véi mdi khach hang, hé thdng lya chon
mot tap cac ngudi dung twong tu nhat (nearest neighbors).

Diém dy doan cho mét san pham duoc tinh bang trung binh ¢6 trong s6
cua cac diém danh gia tir nhitng nguoi dung twong ty, trong d6 trong s6 1a
muc d6 twong dong gitra cac ngudi dung.

User — based CF cho phép khai thac xu hudng va s¢ thich chung cua céc
nhom khach hang, dac biét hiru ich trong viéc phat hién cac hanh vi tiéu
dung tuong ddng chua dugc thé hién rd & cap do san pham.

Két hop hai bién thé CF:

Nhiam tan dung wu diém va han ché nhuogc diém cua ting bién thé, diém
du doan cudi cling cia mo hinh Collaborative Filtering duoc tinh bang céch
két hop tuyén tinh gitta Item — based CF va user — based CF:

Scorecr = 0.6 X Scorejromer + 0.4 X Scoreysercr (3.3
Trong d6, trong 6 0.6 — 0.4 duoc xac dinh théng qua thuc nghiém trén tap
dir lieu md phong. Két qua thir nghiém cho thay Item — based CF cho do

6n dinh cao hon trong béi canh dir liéu c6 s6 lugng nguoi ding va san
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pham trung binh, trong khi User — based CF bé sung théng tin vé xu huéng
hanh vi gitra cac nhom khach hang. Do do, Item — based CF dugc uu tién
trong s cao hon.
Piém dy doan duoc cat ngudng trong mién [1,5] nham bao dam phu hop
vé6i thang do danh gia ban dau va thuan tién cho viéc so sanh, xép hang san
pham trong giai doan khuyén nghi.
e M® hinh hybrid
M hinh lai két hop wu diém cua ca ba phuong phéap. Trong sé duoc diéu chinh
theo mirc d6 hoat dong cua ting khach hang (sé luong san pham da tuong tac):
o Khach hang it tuong tac = uu tién Rule — based va Content — based.
o Khéach hang trung binh = CF dugc ting trong sb.

o Khéch hang hoat dong manh > CF dugc uu tién cao nhat do dit liéu du

thong tin.
Mo hinh lai thu duoc:
Scoreyypria = Werp X CF +wep X CB + wgp X RB (3.4)

Diém goi Y cudi cung dugc cit ngudng Vé [1, 5] va dung cho giai doan danh
gia.

Co sé xac dinh trong sé trong mé hinh lai

Trong md hinh lai, c4c trong sé duogc xac dinh dua trén két hop gitta co so ly
thuyét cua hé théng khuyén nghi va két qua thuc nghiém trén tap dit lieu mé phong
cua dé an. V& mat ly thuyét, Collaborative Filtering cho hiéu qua cao khi di liéu lich
st ngudi dung di 16n, trong khi Rule-Based va Content-Based Filtering hoat dong 6n
dinh hon trong truong hop thiéu dir liéu (bai toan cold-start). Do d6, s6 luong san
pham ma khach hang d timg tuwong tac duoc sir dung lam tiéu chi phan anh mac do
day du caa dir liéu hanh vi, tir 6 diéu chinh vai trd cua tieng mé hinh thanh phan.

Cu thé, vé6i khach hang it twong tac, mé hinh wu tién Rule-Based va Content-
Based; khi s6 lugng tuong tac tang, trong so cia Collaborative Filtering duoc ting
dan; va vai khach hang hoat dong manh, Collaborative Filtering dugc wu tién cao

nhat do kha nang khai thac hiéu qua cac mau hanh vi hoc dugc tir dit lidu.
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CAc gia tri trong s6 cu thé duoc tinh chinh théng qua thuc nghiém, bang cach
thar nghiém nhiéu cau hinh trong sé khac nhau va lua chon ciu hinh cho két qua tét
nhét theo cac chi s Precision@5, NDCG@5, MAE va RMSE. Céch tiép can nay
dam bao mé hinh lai vira c6 co s& khoa hoc, vira pht hop véi diac diém di liéu caa
de an.

3.3.3. Danh gia mo6 hinh

Phuwong phap danh gia

Qua trinh danh gia duoc thuc hién trén tap Kiém tra (test set) duoc tach tir ma
tran nguoi ding — san pham theo ty 18 80/20. Bdi véi mdi khach hang, hé thdng sinh
danh sach goi y Top-5 san pham chua ting tuong tac trong tap huan luyén. Cac mo
hinh Rule-Based, Content-Based, Collaborative Filtering va Hybrid déu dugc danh
gia trén cuing mot tap dit liéu va kich ban dy doan nham dam bao tinh céng bang trong
so sanh. Cac diém dy doan dugc chuan hda vé mién [1,5] trude khi dua vao tinh toan
c4c chi s6 danh gia.

Tiéu chi danh gia

Qua trinh danh gia duoc thuc hién dya trén bbn chi sb thuong ding trong cac
hé théng goi Y, mdi chi s phan &nh mét khia canh khac nhau cua hiéu qua dy doan.

Cu thé:

e Precision@5: biéu thi ty I¢ cac san pham lién quan xuat hién trong nam goi y
ding dau, qua d6 phan anh muc d6 chinh xac tryc tiép cua danh sach dé xuat.

e NDCG@5 (Normalize Discounted Cumulative Gain) do luong chat luong xép
hang bang cach gan trong s6 cao hon cho cac du doan ding xuat hién & vi tri
dau.

e MAE (Mean Absolute Error): thé hién mic sai léch tuyét di trung binh giita
gia tri du doan va gia tri thuc té.

e RMSE (Root Mean Square Error): nhan manh céc sai s6 16n hon, giup danh
gia 46 6n dinh va mtc phan tan cua sai s6 du doan.

Két qua danh gia

Két qua danh gia cac mo hinh duoc trinh bay trong bang sau:
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Bang 3.2: Két qua danh gia mé hinh

M hinh Precision@5 NDCG@5 MAE RMSE
Rule - based 0.1296 0.3106 1.0893 1.3590
Content - 0.1298 0.3065 1.3009 1.5842
based
Collaborative 0.0362 0.0611 0.8854 1.0479
Hybrid 0.1308 0.3084 0.8641 1.0222

Két qua thuc nghiém cho thiy Hybrid dat hiéu ning toan dién hon so véi cac
moé hinh don Ié. Mic du chi s6 Precision@5 va NDCG@5 tuong dwong véi mo hinh
Rule — based va Content — based, mé hinh Hybrid vuot troi dang ké ¢ hai chi sé6 MAE
va RMSE. biéu nay cho thiy phuong phéap két hop vira duy tri dwoc mirc do chinh
Xac trong xép hang, vira cai thién chat luong du doan, qua d6 tang tinh 6n dinh cua
hé théng goi y. Nhin chung, mé hinh Hybrid ching té mirc d6 pht hop cao trong béi
canh tu van san pham tai chinh véi yéu cau goi y c& nhan hoa.

3.4. Phat trién giao dién wng dung

Giao dién cua hé théng duoc phat trién trén nén tang Flask, dong vai tro trung
gian giira md hinh khuyén nghi va nguoi ding cudi. Ung dung hd trg hai nhém chirc
ning chinh: d& xuat san pham cho khach hang hién dai va dinh huéng lya chon cho
khach hang mai.

3.4.1. Goiy cho khach hang hién hiru

Déi vé6i khach hang di co lich sir st dung dich vy, hé théng truy xuat tap cac
du doan sinh ra tir md hinh Hybrid trong qué trinh huan luyén. Trén co sé do, hé
thdng thuc hién sap xép danh sach san pham theo diém du doan murc d6 phu hop, loc
bo cac san pham ma khach hang di ting ding ky hodc st dung, lua chon top 5 san
pham co diém sb cao nhat dé hién thi.

Cach tiép can nay khai thac thdng tin tir ca lich st giao dich caa khach hang
va méi tuong quan véi cac khach hang khéc.

3.4.2. Goiy cho khach hang méi
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Déi vai khach hang méi, giao dién cho phép nhap mét s théng tin co ban: do
tudi, thu nhap, nghé nghé nghiép, muc tiéu tai chinh va mic d6 s dung kénh sb. Sau
khi tiép nhan thdng tin dau vao, hé théng ap dung mé hinh két hop Rule — based (RB),
Content — based (CB) dé tinh toan diém phu hop.

Ngoai goi v, hé théng con cung cip giai thich chi tiét cho ting san pham,
chang han: “San pham phu hop véi muc tiéu tai chinh”, “Céc dic tinh san pham tuong
d6ng véi nhu cau cua nhoém khach hang c6 phan khuc twong tu”, ... Diéu nay gidp
nang cao tinh minh bach va tin cay caa hé thong tu van.

3.4.3. Ludng xir ly tong thé
Quy trinh xt 1y duoc t6 chirc theo chudi cac budc:
e Ngudi ding nhap yéu cau qua giao dién web.
e Flask tiép nhan va chuyén dix liéu dén module xir Iy goi V.
e M0 hinh tinh toan danh sach san pham phu hop.
e Két qua duoc tra lai giao dién duéi dang bang théng tin, gém nhiing truong
chinh: ma san pham (product ID), t&n san pham (Product Name), nhém muc
tiéu (Goal), diém dy doan (Predicted Score), giai thich ly do goi y

(Recommendation Reason).
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Recommendation Sequence (Simplified)

[ (! &
User ul Flask Recommender

Submit form (existing/new)

L
>

POST request
>

L_alt / [Existing User]

Load scores for user

>
Remove seen products
Select Top-K

_ Recommended items

<

[Cold-Start User]
Filter products by goal/segment
>

Compute heuristic scores
Select Top-K

_ Recommended items
<

Render results

__ Show recommendations

-

User Ul Fla{sk Recom:nender

Hinh 3.3: So' @b trinh ty ciia hé thong goi y
Thir nghiém va danh gia hé thong

3.5.1. Két qua thir nghiém

hang va hon 30 san pham/ dich vu ngan hang, duoc sinh theo cac quy tac nghiép vu
(rule — based) va céc phan khic khéach hang phé bién. Sau khi huan luyén cac thanh

phan cia md hinh Hybrid va trién khai thir nghiém toan bo quy trinh goi v, két qua

Hé thong duogc thar nghiém trén bo dix lieu md phong bao gom 1000 khéch

thu duoc nhu sau:

Precision@5 ~ 13%: muc d6 phil hop gitta Top — 5 san pham dugc hé théng

goi y va danh muc san pham khach hang thuc sy quan tam trong dit liéu mo

phong.

Sai s6 du doan danh gia san pham:
o MAE = 0.86
o RMSE =~ 1.02
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Cac chi s6 nay phan anh mirc d6 sai s6 & muc trung binh thap, phi hop voi
ban chat dix liéu synthetic vén chira nhiéu nhidu va phan phéi phuc tap.
e Thoi gian phan hdi trung binh: dudi 0.005s cho mdi yéu cau goi ¥ trong mdi
truong cuc bo, dam bao kha ning tich hop vao hé théng ngan hang sé.
Vi du minh hoa:

Goi y cho khach hang méi (Cold-start)
Muc tiéu: | mé tai khoan Phan khuc: | low_income Thu nhép: | 6000000 86 lwong gei ¥ (Top K): | 3 Goi
Khach hang mé&i (Cold-Start, myc tiéu: mo tai khoan)

Danh sach geiy

Ma SP Tén san pham Nhém muyc tiéu Diém dy doan Giai thich

503 Tai khoan tra luong mé tai khodn 3.160 Khép muc tiéu 'mé tai khoan'
502 Tai khoan tidu chudn mé tai khoan 3.100 Khop muc tiéu 'mé tai khoan'
501 Tai khoan co ban mé tai khoan 2.980 Khép muc tiéu 'mé tai khoan'

Hinh 3.4: Demo két qua goi y
Cac goi y déu hop ly theo logic nghiép vu cua dir liéu md phong, cho thay hé
théng van hanh 6n dinh va hiéu qua.
3.5.2. Danh gia va phan tich
Két qua thir nghiém chi ra rang md hinh Hybrid cho hiéu qua on dinh trén bo
dit liéu md phong. Hé thong c6 mot s6 wu diém va han ché nhu sau:
e Uu diém:

o M@ hinh khai thac tét théng tin hd so khach hang, muc tiéu tai chinh va
c4c quy tac nghiép vu, do do cai thién dang ké van dé cold — start so voi
viéc chi str dung CF.

o Cac luat nghiép vu (rule — based) gitp dam bao goi ¥ ludn nam trong
pham vi hop 1& véi ting phan khic, han ché goi y sai ngit canh.

o CB va RB van hanh tét ngay ca khi dir liéu giao dich mua san pham
chua phong phu.

e Han ché:

o Thanh phan Collaborative Filtering van chwa thé hién hiéu qua cao do

dir lieu md phong khdng phan anh dy du hanh vi giao dich thyc té;

lugng twong tac thuc chat con it va roi rac.
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o Kétqua Precision chua cao (%13%) vi dit liéu synthetic khd mé ta hoan

toan cac mau hanh vi nguoi ding thyc.
e D& xuit mé rong:

o B6 sung dit lidu giao dich thuc hoic sinh di liéu implicit feedback (vi
du: mac do quan tAm, luot xem san pham) dé cai thién ma tran CF.

o Ung dung cac md hinh hoc sau nhu Neural Collaborative Filtering
(NCF) hay DeepFM khi dir li¢u that da lon.

3.6. K&t luan chwong 3

Chuong 3 d3 trinh bay dy da quy trinh xay dung va trién khai hé thong khuyén
nghi dich vu ngan hang, bao gom thiét ké bo dir liéu md phong, lua chon dic trung,
huan luyén cac mé hinh thanh phan (RB, CBF, CF) va tich hop chdng thanh mé hinh
Hybrid. Bén canh d6, chuong ciing mé ta qua trinh hién thuc hoa hé thong théng qua
giao dién ¢ng dung xay dung bang Flask, cho phép kiém thir truc tiép cac chirc ning
goi y cho ca khach hang hién hiru va khach hang mai.

Két qua danh gia thuc nghiém cho thay mé hinh Hybrid so hitu d6 chinh xac
va mirc d6 6n dinh cao hon so véi cac mé hinh don 1¢, thé hién qua cac chi sé danh
gia va cac truong hop thir nghiém thyc té. Cac goi y dugc tao ra bam sat thong tin ho
so, nhu cau va bdi canh cua timg nhém khéach hang, qua d6 ching minh tinh phi hop
ciia md hinh trong nghiép vu tu van san pham tai chinh.

Hé thdng nguyén mau hoat dong on dinh, dap (ng yéu cau ky thuat vé hiéu
nang, thoi gian phan hdi va kha ning mé rong. Cac két qua trén minh chiing hé thong
c6 tiém nang trién khai trong thuc té, dong thoi tao co sé cho cac huéng mé rong
trong tuong lai, nhu bd sung dit liéu that, eng dung mé hinh hoc sau hoic tich hop

Va0 c4c nén tang ngan hang so.
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KET LUAN
1. Két luan.

Pé 4n d3 nghién ctu, thiét ké va xay dung thanh cong mot hé théng khuyén
nghi dich vu ngan hang, dwa trén su két hop giita cac ki thuat truyén thng va hién
dai trong linh vuc Recommender Systems. Hé théng duoc thiét ké theo huéng don
gian, linh hoat, dé trién khai, ddng thoi dam bao tinh c& nhan héa — yéu t quan trong
hang dau trong viéc nang cao trai nghiém nguoi ding va téi wu hoa hiéu qua kinh
doanh cua ngéan hang.

Trén co so dit liéu md phong gom hé so khach hang, danh muc san pham ngan
hang va lich st twong tac, dé an da ap dung céc ky thuat khuyén nghi phé bién: RB,
CBF, CF, va mo hinh Hybrid Recommendation. Hé thong ciing dugc trién khai duéi
dang (rng dung web sir dung Python — Flask, cho phép nhap théng tin khach hang va
hién thi goi y theo thoi gian thuc, két hop giai thich 1y do dé xuat.

Tha nghiém mé hinh trén tap dit liéu gia 1ap cho thay Hybrid c6 két qua tét
nhét. Biéu nay cho thay viéc két hop uu diém cia tirng mé hinh (RB + CB + CF) gilp
tang chat lugng goi ¥ va cai thién kha nang cac nhan hoa. M6 hinh CF don 1é cho két
qué thap, phan anh ding ban chat: dir liéu it, thua, hanh vi nguoi ding giéng nhau
chua du rd rang dé CF hoat dong hiéu qua. Trong khi dé, cac thanh phan RB va CB
bd sung thong tin ¥ dinh va md ta san pham, gilp cai thién dang ké hiéu ning cua
Hybrid Model.

Thém vao d6, hé thong da:

e Xay dung dugc pipeline xt ly dit liéu, gdm budc lam sach, chuan héa, ma hoa
van ban (TF — IDF).

e Tao duogc co ché goi y cho ca khach hang méi (cold — start) bang cach két hop
rule — based va content — based.

e Phat trién ung dung web hién thi goi y, diém sé du doan va Iy do khuyén nghi,

gitp md hinh c6 thé van dung trong thuc tién.
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Nhin chung, dé an di dat duoc cac muyc tiéu dé ra: thiét ké mé hinh, xay dung

dir lidu, trién khai thuat toan, danh gia hiéu suit va tao nguyén mau hé théng hoan

chinh.
2.

Han ché.

Mic di hé théng da van hanh 6n dinh va dat do chinh x4c twrong d6i, van con

nhitng han ché nhat dinh:

Dt liéu mo phong: do khéng st dung dir liéu ngan hang that, mac d6 chinh
xéc va tinh dai dién con han ché. Hanh vi khach hang mé phong khong phan
anh day du cac yéu to thyc té nhu kha ning tai chinh, rai ro, hanh vi chi tiéu.
M6 hinh CF con don gian: Str dung phuong phép cosine similarity va biéu
dién ma tran thua (sparse matrix) & mirc co ban, chwa ap dung cac mé hinh CF
hién dai nhu Matrix Factorization hoac Neural Collaborative Filtering.

Chua ti wu phan giai thich: Hién tai hé thong chi hién thi Iy do don gian, chua
c6 module giai thich truc quan bang biéu d6 hoac mé hinh XAl.

Giao dién demo con don gian, chua tich hgp Xac thuc ngudi dung, chua mo
phong duoc nhiéu kich ban thuc té.

Hwéng phat trién.

Dua trén céc han ché va yéu cau tir thuc tién nganh tai chinh — ngan hang, hé

thng c6 thé dugc mé rong theo mot sé6 hudng sau:

Mo rong dir liéu va tang tinh thuc tién: Sir dung dir liéu that da an danh, b
sung théng tin giao dich chi tiét, diém tin dung va hanh vi tai chinh dé nang
cao do chinh xac cua mé hinh.

Nang cip mé hinh Collaborative Filtering: tng dung céc thuat toan hién dai
nhu Matric Factorization, BPR, hoac Neural Collaborative Filtering nhiam cai
thién chat luong du doan.

Phat trién mo hinh lai thong minh hon bang cach tu dong hda viéc diéu chinh
trong s giita ca&c mo hinh thanh phan théng qua cac ki thuat hoc trong sb hoac

meta — learning.
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e Ting cuong kha ning giai thich: cung cip Iy do goi ¥ rd rang hon, két hop cac
dang biéu d6 va md hinh giai thich nhim nang cao tinh minh bach va do tin
cay.
e Trién khai trén moi truong thuc té: dong goi hé théng thanh API hoic
microservice dé tich hop véi ngan hang sé, ddng thoi hd trg cap nhat mé hinh
theo thoi gian thuc.
4. Két luan chung
Dé an hoan thanh viéc xay dung mot nguy@n mau hé thong khuyén nghi dich
vu ngan hang dua trén su két hop gitra ki thuat hoc may va tri thire nghiép vu. Két
qua thtr nghiém cho thay mé hinh Hybrid mang lai hiéu qua tét nhat, dac biét phi hop
véi bdi canh dir liéu han ché va yéu cau c& nhan héa cao cua ngan hang.

Hé thdng cd thé van dung trong thuc tién khi dwgc ma rong dir liéu va nang
cap thuat toan. Nhitng hudng phét trién da dé xuét s& gitip hoan thién mé hinh, nang
cao do chinh xéc, kha niang giai thich va mé rong ttinhs tng dung trong bdi canh ngan

hang s hién dai.



60

DANH MUC CAC TAI LIEU THAM KHAO

Tai liéu tiéng Viét

[1] Nguyén Quang Hoan, (2017). Badi gidng Cdc hé thong duwa trén tri thire, Hoc
vién Cong nghé Buu chinh Vién thong.

[2] Vi Hiru Tiép, (2018). Machine Learning co ban, 214 — 243

Tai liéu tiéng Anh

[3] Adomavicius G., Tuzhilin A.(2005). “Toward the next generation of
recommender systems: A survey of the state-of-the-art and possible
extensions”, IEEE Transactions on Knowledge and Data Engineering.

[4] Ricci F., Rokach L., Shapira B. (Eds.) (2015). Recommender Systems
Handbook, 2nd ed., Springer, New York

[5] C. Aggarwal, Recommender Systems: The Textbook, Cham, Switzerland:
Springer, 2016.

[6] R. Burke, "Hybrid recommender systems: Survey and experiments,” User
Modeling and User-Adapted Interaction, vol. 12, no. 4, p. 331-370, 2002.

[7] J.Bobadilla, F. Ortega, A. Hernando and A. Gutiérrez, "Recommender systems
survey," Knowledge-Based Systems, vol. 46, p. 109-132, 2013.

[8] D. Zhang and M. Zhou, "A hybrid recommendation system for financial
services," International Journal of Information Technology & Decision Making,
vol. 19, no. 1, p. 51-78, 2020.

Tai li€u Internet

[9] Experta, "Experta  Documentation,” 2023. [Online].  Available:
https://experta.readthedocs.io/en/latest/introduction.html. Truy cap ngay 02
thang 07 nam 2025.

[10] LearnOpenCV, "Mastering Recommendation System: A Complete Guide,"
2024.  [Online].  Awvailable:  https://learnopencv.com/recommendation-
system/#aioseo-recommendation-system-key-takeaways. Truy cap ngay 05
thang 07 ndm 2025.



[11]

[12]

[13]

[14]

[15]

[16]

61

SuNT, "Gidi thiéu cac phuong phap truyén thdng xay dung Recommender
System," 2021. [Online]. Available:
https://tiensu.github.io/blog/72_recommender_system_1/. Truy cap ngay 05
thang 07 nam 2025.

M. Fan, "Bank Product Recommendation System,” 2023. Survey and
Experimen [Online]. Available: https://www.kaggle.com/code/mikefan/bank-
product-recommendation-system. Truy cap ngay 110 thang 07 nam 2025.

Y. Systems, "Recommender Systems for Banking and Financial Services: How
Al is Transforming the Way We Manage Our Finances,” 2023. [Online].
Available: https://yellow.systems/blog/recommender-systems-for-banking-
and-financial-services. Truy cap ngay 01 thang 07 nam 2025.

KANINI, "Banking Recommendation System: Use Cases," 2023. [Online].
Available: https://kanini.com/blog/banking-recommendation-system-use-
cases/. Truy cap ngay 01 thang 07 nam 2025.

Scaler, "Rule-Based System in Al 2024. [Online]. Available:
https://www.scaler.com/topics/artificial-intelligence-tutorial/rule-based-
system-in-ai/. Truy cap ngay 13 thang 07 nam 2025.

https://www.agribank.com.vn/vn/ca-nhan. Truy cap ngay 01 thang 07 nam 2025



https://www.agribank.com.vn/vn/ca-nhan

BAN CAM DOAN

T6i cam doan da thyc hién viéc kiém tra mic d6 twong dong noi dung dé
an/luan van/luan an qua phan mém Turnitin mot cach trung thuc va dat két qua
murc d6 twong dong 17 % toan bo ndi dung dé an/luan van/luan an. Ban dé an/luan
van/luan &n kiém tra qua phan mém la ban ciing dé an/luan van/luan an da nop dé
bao vé trudc hoi dong. Néu sai t6i xin chiu cac hinh thic ky luat theo quy dinh
hién hanh cuaa Hoc vién.

Ha Noi, ngay thang 02 nam 2026
HOC VIEN CAO HQOC/NCS
(Ky va ghi rd ho tén)

Duong Bao Anh



itin Trang 2/73 — Téng quan vé tinh toan ven ID bai ngp trn:oid:::1:3428983934
Z' / h b d

7 AVLN 7 =
17% Tinh tugng dong noi chung
Tdng cong cla tat ca cac két qua trung khép, bao gdm ca cac ngudn tring I&p, cho méi c...
~ > - V4 V4

Pa loc khéi Bao cao

»  Muc luc tham khao

v Van ban dwoc trich dan

v Két qua trung khép nhé (it hon 8 tir)

Nguén hang dau

14% @ Ngudn Internet

4% g An ban

7% 2 Bai tap dwgc ndp (bai cta hoc sinh)

Hoc vién Ngwe&i hwéng dan khoa hoc

Z'I-.I turnitin Trang 2/73 — Téng quan vé tinh toan ven ID baingp trn:oid:::1:3428983934



