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LOT CAM DOAN
T6i cam doan day 1a cong trinh nghién ciru cua riéng t6i.
Cic s6 liéy, két qua néu trong dé 4n tot nghiép la trung thuc va chua tirng dugc
ai cong bo trong bét ky cong trinh nao khic.
Ha Néi, ngay /9 thang 02 nim 2026

Tic gia dé 4n

Duong Bao Anh
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LOI CAM ON

Loi dau tién, em xin bay t6 long biét on sau sic va chan thanh nhit téi Quy
Thay, C6 gido — nhimg ngudi da true tiép tham gia gidng day va truyén dat kién thirc
trong sudt qua trinh em hoc tép tai Hoc vién Céng nghé Buu chinh Vién théng, dic
biét 1a cac Thay, C6 thudc Khoa Céng nghé Théng tin 1 va Khoa Pio tao sau dai hoc.
Nhimg kién thirc nén tang va chuyén siu ma Thay, C6 trang bj 1a yéu td tién quyét
gitip em c6 thé thuc hién cong trinh nghién cru nay.

Dic biét, em xin giri 18i tri 4n sdu sic nhat téi Tién s Nguyén Duy Phuong,
ngudi da nhan 161 hudng dan cho em. Théy khéng chi dinh hudng cho em mot deé tai
nghién ciru c6 y nghia khoa hoc va thuc tién, ma con danh nhiéu thoi gian, tim huyét
dé tan tinh huéng din, chi bao, ddng hanh va tao moi diéu kién thuan 15i trong sudt
qua trinh em thuc hién dé an. S hd trg chuyén mén séu sic va nhirng 16i khuyén quy
bau ctia Thiy 13 dgng luc va kim chi nam gitip em hoan thinh dé 4n nay.

Em ciing xin giri 10i cam on t6i gia dinh, ban bé va dong nghiép da ludn dong
vién, khich 1& va chia sé khé khan, tao diéu kién tot nhit dé em tap trung hoan thanh
chuong trinh hoc tap va nghién ciru cia minh.

Em da nd luc hét stc, lam viéc nghiém tic va vin dung nhimg kién thirc,
phuong phap luin di dugce hoc dé hoan thanh dé an. Tuy nhién, do con han ché vé
kinh nghiém nghién ciru ciing nhu gidi han vé mit thai gian, dé 4n chic chin khéng
thé tranh khoi nhig thiéu sét va han ché.

Kinh mong Quy Thay, C6 déng gép nhiing ¥ kién quy béo dé dé 4n cia em
dugc hoan thién hon nira. .

Em xin tran trong cam on!

Pugc quét bang CamScanner


https://v3.camscanner.com/user/download

I S BT B el & e et

MUC LUC
LT CANMIIOAIN .o rcesvensnisssionsnenisstisbinnsntbts biessasnstsasmmsssonssnesansasesssnsonsonsasssmens ]
LOLCAM ON oo eeeeeeeeevevesessesssesasssasessssssesssasssessssssssssssesssssssssesssennn 1

313, @3 7.6 iR ST o OSSR iii
DANH MUC CAC KY HIEU, CAC CHU VIET TAT...ooovvvvreereeeiereeecnV
DANH MUC CAC BANG ..ot eseeeevese s essessasseases s ssasssessessen vi
DANH MUC HINH ANH ...ooooimioeeeeeseecseseessesssesseseasssssesssssssssessssasens vii
MO DAU...oooeeeeeseeeeeeeeee s esae e esesaseesesesss e s sassassassassassses s ss s s semsens 1
1. Ly do chon d& ti cooeeeeeeeeeeeesesemeeeesssneensens R — 1
2 Tong quan vé van d& nhien ClU........cceruemeerruerreereseeeseeessseseeae s esaean. 2
3. Vel BEIEH G s S R T 3
4 Déi tugng va pham Vi NZHIEN CUU ....eveeveeereecieieeieeeesteeeeees e eseensnen, 3
5 Phirotig phip nBhi€h Gl ccmiimmsssmisinssimsisssmsasisssssissiisssinss 4
NOTDUNG ..c.ooeeeemeeeeeseeeeemssesessesssesssssssasssssssssssesssesessssssesassssesssessasssssassanes 5
CHUONG 1: GIOI THIEU VE HE KHUYEN NGHL.....c..oovvurrerieeeeenne.. 5
1.1.  Tbng quan vé hé SN C 1§11 || e p— 5
1.1.1. Khai niém hé khuyén nghi......ccooeoevveeeoreeeeeeeeieceseceee s, 5
112, Phifi 162 hie kRapEnnph. sz 6
1.1.3. Céu tric tong thé cua hé Khuyén nghi ....c..eceeevvevemmeenrerreeennne. 14

1.2.  Tbng quan v& dich Vi NAN hANG .........rvvuveemecreeeeeieeemreeneeeesennnnees 17
1.2.1. Phan loai dich vu ngén hang cho khach hang ca nhén............... 17

1.2.2. Phan loai nhu cdu va hanh vi ngudi ding.......c.coceeveerrererinens 19

1.2.3. Vai tro ciia hé khuyén nghi trong linh vuc tai chinh — ngén hang.

................................................................................................... 20

1.3. M0 hinh khuyén nghj trong linh vurc tai chinh — ngan hang..........20

& TR 0 1151 G 0t e RS W KL Mo TN 22
CHUONG 2: HE KHUYEN NGHI CAC DICH VU NGAN HANG.........24
2.1. Phantich 1T 0 (1] 1] e R S e P 24
2.2, Ngudn dit liéu va 56 GIEM ......ooovvrieerenrreeeieeeseesiseesssessssessanenes 26
2.3.  Phan tich yéu ciu hé théng khuyén nghi ........cccooeoveivererrerennene. 28
2.4.  Thiét ké kién tric hé thdng Khuyén nghi .........ccoooeeevevrerrceerreeennnnns 30

Pugc quét bang CamScanner


https://v3.camscanner.com/user/download

2.5, Phuong phip wde hugmg va dy dodn .....cooovniinmivsvcsiiniiin. . 32
2.5.1. Phuong phdp dya trén lujt (Rule - based System)....................32

2.5.2.  Phuong phép loe theo ndi dung (Content — based Filtering).....33
2.5.3. Phuong phap loc cong tic (Collaborative Filtering) .................33
2.5.4. M0 hinh lai (Hybrid Recommendation Model)......................... 33
26. K& luhn OMUOUNG B onisssvissiimsnsaminnsisssismoipsmsmomsrssssssisososisssass 34
CHUONG 3: XAY DUNG UNG DUNG ....cccovvvrrrirmmnivirmrnsrsinsessesssessessi 36
3.1, Nén tang va cong cu trién Khai ........occceervvemmcveeemcimnieineraerriernnns 36
3.1.1. Cdc cong nghé va thu vign st dung.......cceevveevncvcinnciiinnee 36
3.1.2. Cosdlypachon cdng nghl ......co.scomcopiammmorimpsmmmsmmososace 37 .
32 Xhydung lp A B0 AN wnuesmnpsanmsp s i 37
3.2.1. HO so khdch hang (CUSLOMETS).........coceemermermreareeuremscreseaneanannannn 38
3.2.2. Danh muc san phz"lm ngan hang (Products) ........cccecevvruvvcucnne... 40
3.2.3. Lich sir giao dich (Transactions) .........ccccoeeeeeereeeuececiecenencane. 41
33. X1y v hudn Liyen dif e 44
33.1. Tiln x®IF A HAL cooiimerrssmemmromssissssshsa i e i iioaed 44
3.3.2. Huan luyén m6 hinh khuyén nghi.......coccooeeueiieecerorcesccromnnnnnce.. 45
3.3.3. Danh gid mo hinh ........ccroiiiiiininicsicsiissnsssssesennnasannsns 51
3.4.  Phat trién giao dién (g dung ........ccueevumemeesresseuensesennnicetsesesens 52
3.4.1. Gogiy cho khédch hang hi€n hifu.......ccoeimiinni 52
3.4.2. Goiy cho khdch hang Mdi.......cccieimisesssnssissiamsnasassansistssssosasanss 52
543 Ludno aY WAOHETHL......cnvmonmss s s tiiommian 53
3.5.  Thir nghiém va danh gid hé thOng.........eeveeeeeuemremsereesenseseressreennena. 54
ST Thrah B BRI oG 54
3.5.2. Dénh gif va Phan teh .....coosiissssmasssisassissaassssssassonsasesasasaons 55
3.6.  KELIUAN CHUOMNE 3 ..ooovveireeresienssessesssssnsssssassssssessssssesssessssssssans 56
74 1y B 171, (R T 57
DANH MUC CAC TAI LIEU THAM KHAO......ccouevvvcvmrmennrrrenssenesressenien 60

Pugc quét bang CamScanner


https://v3.camscanner.com/user/download

DANH MUC CAC KY HIEU, CAC CHU VIET TAT

Ky hi¢u, chir ; 1 ;
e Tén tieng anh day da Tén tieng viét
viet tat
Al Artificial Intelligence Tri tué nhan tao
CBF Content — based Filtering Loc dya trén ni dung
CF Collaborative Filtering Loc cdng tac
KPDL Khai pha dir liéu
MAE Mean Absolute Error Sai 56 tuyét doi trung binh
Normalized Discounted Mirc tang tich liy gidm dan
NDCG ;
Cumulative Gain chuan héa
RB Rule - based Dura trén luat
Can bac hai cua sai s6 binh
RMSE Root Mean Square Error
phuong trung binh.
Term Frequency — Inverse Tan suat — Nghich dao tin
TF — IDF ,
Document Frequency suat tai liéu
TTNT Tri tué nhan tao

Pugc quét bang CamScanner


https://v3.camscanner.com/user/download

vi

DANH MUC CAC BANG
Bing 3.1: Cdc cong ngh¢ va thu vién st dung.......c.coecvmmimsvcnnisnsscccsissine 36
Bang 3.2: Két qua danh gid m6 hinh........ccc.ccccisiccusisisisrisnmsissssssresossesassesens 52

Pugc quét bang CamScanner


https://v3.camscanner.com/user/download

vii

DANH MUC HiNH ANH

Hinh 1.1: Cau tric tdng thé ctia hé Khuyén nghi......cccvvrvervvvcrvrurninraerrnrnann. 15
Hinh 2.1: Ludng hoat ddng tdng quat ciia h¢ khuyén nghi.......cccccomvveee......... 32
Hinh 3.1: So d6 quan hé giita cic bang trong tap dir liéu mé phong............. 38
Hinh 3.2: Pipeline huan luyén m6 hinh Hybrid .......ccccvmvciurmumrurcuniurcnnees 46
Hinh 3.3: S0 dd trinh ty ciia hé thOng Goi Veveevververeereeceescrssscssssnasscssaneanae. 54
Hinh 5:4: Demo Tt QUi Bt Tiissomnarsvscessosaiissssivissisossisisisivssivisssasisanenss 55

Pugc quét bang CamScanner


https://v3.camscanner.com/user/download

MO DAU
1. Ly do chon d@ tai

Trong giai doan nganh tai chinh — ngin hang ddy manh chuyén d6i s6, nhu cau
c4 nhan héa dich vy va t6i wu héa trii nghiém khach hang ngay cang tré nén quan
trong va khong thé thiéu. Ngay nay, cic ngan hang khéng chi dimg lai & nhimg san
phim truyén thong nhu tién giri hay vay tiéu ding, ma con mé rong sang cac dich vu
da kénh, ngn hang s6 va nhiéu giai phép tai chinh phic tap. Chinh sy da dang nay
khién khach hang — nhat 1a nhitng khach hang thiéu hiéu biét vé tai chinh — gap nhiéu
khé khin trong viéc lua chon san phadm phu hop véi nhu cau ciia ban than.

Bén canh do, cic hé théng khuyén nghi ngay cang khing dinh vai trd quan
trong trong viéc phan tich hanh vi, hidu nhu cau va cung cép cic dé xuit mang tinh
c4 nhin héa cho ngudi ding. Mét sé nghién ciru chi ra ring cac phuong phap loc theo
ndi dung (Content — based Filtering) va loc cdng tac (Collaborative Filtering) dat hi¢u
qua cao trong viéc du doén s& thich cua khach hang [3], [4], [5], [7]. Ngoai ra, cac hé
thdng lai (Hybrid Recommender Systems) cho thiy kha ning khic phuc han ché cua
tirng phuong phap don 1€, tir d6 cai thién do chinh xdc va mirc d§ bao phu. Cac mé
hinh ndy dic biét hiéu qua trong nhiéu linh vuc, trong dé c6 tai chinh — ngin hang
[6], [8].

Song song v&i d6, hé chuyén gia dua trén luit (Rule — based Expert System)
van giif vaj trd quan trong trong nhimmg bai toan doi hoi kha nang giai thich rd rang
va minh bach trong qua trinh dua ra quyét dinh, ddc biét trong nhitng hé théng ma
nghiép vu dugc quy dinh bing céc quy tic chit ch& nhu linh virc ngan hang. Viéc két
hgp gilta m6 hinh khuyén nghj hién dai va co ché suy dién dua trén ludt gitip tao ra
giai phap vira dap tmg nhu cau theo tirng khach hang, vira dam bao tinh minh bach -
yéu t6 thiét yéu trong dich vu tai chinh.

Dua trén céc yéu cdu thyc té va dinh huéng nghién ciru di dugc phan tich, dé
tai “Xay dung hé khuyén nghi hd trg khach hang st dung céc dich vu ngin hang”
dugc lya chon véi muc tiéu phat trién mot hé thong goi y thong minh, gitp ngudi
dung nhanh chéng xac dinh dugc san pham phii hop, ddng thdi hd trg ngan hing tdi
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wu héa viée cung Umg dich vu va didy manh qua trinh chuyén ddi sb trong cong tic
cham sdc khach hang.

Pé trinh bay néi dung mét cach hé thdng, khoa hoc va nhat quan, dé an dugc
td chire thanh ba chuong chinh nhu sau:

Chwong 1: Gidi thiéu vé hé khuyén nghi

Chuong nay trinh bay co s& 1y thuyét vé hé khuyén nghi, bao gém khai ni¢m,
phan loai, cAu triic hé théng, cling tdng quan vé dich vu ngn hang va hanh vi ngudi
dung, lam nén tang cho cac chuong tiép theo.

Chuong 2: Hé khuyén nghi cic dich vu ngin hiang

Chirong nay tap trung phén tich dir liéu nguoi dung, xéc dinh yéu cau, thiét ké
kién triic v Iua chon phuong phap du don dé xdy dung mé hinh hé khuyén nghi cho
dich vu ngén hang.

Chuong 3: Xdy dung ing dung

Chuong nay mo ta qua trinh trién khai hé khuyén nghi thanh img dung thuc
nghiém, bao gdm xir ly dir liéu, tich hgp mé hinh du dodn, xay dung giao dién va
danh gia hiéu qua cua hé thong.
2. Tdng quan vé van dé nghién ciru

Hé khuyén nghi (Recommender Systems) 1a mdt linh vuc quan trong trong
TTNT, md phong cich con ngudi phén tich thong tin, ddnh gid lya chon va dua ra
quyét dinh. Trong nganh tai chinh — ngan hang, h¢ khuyénnghi dugc trién khai nhim
hé trg khach hang sin phdm phi hgp véi nhu cdu riéng, gop phan ning cao hiéu qua
str dung djch vu va cai thi¢n trai nghiém cling nhu mirc dg hai long cua ho.

Vé mat ky thudt, ba hudng tiép cin chinh thudong duge ap dung trong xdy dung
hé khuyén nghi bao gom:

e Hé thong dua trén luat (Rule — based Systems): hoat dong dya trén tép quy tic
IF — THEN, dé dién giai va phd hop cic nghiép vu c6 tinh quy dinh cao.
e Hé thong khuyén nghij dya trén dir liéu (Recommendation Systems): sir dung
mé hinh hoc may nhu Content — based Filtering va Collabrative Filtering nhim

nhin dién s& thich va nhu cau cia ngudi ding.
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e M5 hinh khuyén nghi lai (Hybrid): két hgp cdc wu diém cua hai huéng trén
nhim céi thién chat lugng goi ¥ va kha ning dép img nhu ciu c4 nhén [6], [8].
Trong bdi canh ngan hang hién dai, viéc phat trién mot mé hinh tich hop giira
hé luat va hé khuyén nghi dugc xem la hudéng tiép can hira hen. Hé théng nhu vay
khéng chi ¢ ning lyc xir ly, danh gia thong tin cia khach hang, cung cap goi ¥ phu
hop, ma con dam bao kha néng giai thich — yéu to giir vai tro trong yéu trong linh varc
tai chinh vén yéu cau tinh minh bach cao. Pay chinh la ndi dung nghién ciru chu dao
cia dé tai.
3. Muc dich nghién ciru

Muc tiéu tdng quat ctia dé tai 12 phat trién mét md hinh khuyén nghi nhim hé
tro khach hang ca nhan trong viéc lra chon dich vy ngan hang phu hop nhat vdi nhu
ciu va kha ning tai chinh cta ho. Cc muc tiéu chi tiét bao gém:
e Nghién ciru va phan tich hanh vi, nhu cau cua khach hang dua trén dir liéu mé
phong, tir d6 xac dinh cic yéu t6 quyét dinh anh huéng dén lua chon dich vu
tai chinh.
e Thiét ké mé hinh khuyén nghi lai két hop giita hé luit va cac ky thuit CBF/CF
nhim hiéu va phan tich dit liéu diu vao cia khich hang, dwa ra cic goi y dich
vu ca nhén héa, giai thich rd rang ly do cia timg khuyén nghi.
e Xay dung nguyén miu hé thong khuyén nghi dua trén Python va Flask, dam
bao kha ning san sang tich hop trong méi trudng thuc té.
e Dinh gid md hinh théng qua cic kich ban thuc nghiém trén tip dir liu
synthetic (gia lap), do luong dg chinh xac va tinh kha dung cua hé théng.
4. Doi twgng va pham vi nghién ciru

Péi twgng nghién ciru: cic khich hang cd nhan c6 nhu cdu sir dung dich vu
ngdn hang vi md hinh hé khuyén nghj thong minh hd trg ho dua ra quyét dinh sir
dung dich vy phu hop.

Pham vi nghién ciru tap trung vao khuyén nghi nhém dich vy tai chinh thiét
yéu nhu: mé tai khoan, giri tiét kiém, vay tiéu ding, thé tin dung, dau tu phd thong
(gtri gop, ching chi quy) va ngan hang s6. Dit liéu sir dung trong nghién ciru dugc
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xay dyng dang gia lap va h¢ thong dugc phat trién dudi hinh thiic md hinh thir
nghiém.
5. Phuong phap nghién ciu

Dé bao dam hoan thanh cic muyc tiéu di xac dinh, dé an trién khai cdc phuong
phap nghién ciru chi dao sau:

e Phan tich tai liéu: thu thdp va hé théng hoa céc tai liéu nghién ciru trong linh
vuc hé khuyén nghi, TTNT (Artificial Intelligence - AI) va nhimg {mg dung
chu dao trong ngén hang.

e Khao sat va phan tich dit liéu: Thiét ké bo dir liéu gia 1ap md ta hanh vi va nhu
cu ctia khach hang c4 nhan, ddng thoi tién hanh phén tich nhim xac dinh céc
dic trung chu chét phuc vu mé hinh khuyén nghi.

e Thiét ké va xdy dung méhinh: Trién khai mé hinh hybrid két hop rule — based
va recommendation system. Rule — based system s€ dirgc thiét ké dua trén tap
luat dang IF — THEN, cdc mé hinh CBF va CF dugc trién khai bang thu vién
scikit - learn.

e Phat trién hé thdng nguyén miu: trién khai mét img dung web bang céch st
dung Python - Flask nam kiém chimng kha nang hoat dong ciia mé hinh khuyén
nghi.

e Diénh gid mirc do chinh xac va hiéu qua ciia mé hinh: tién hanh kiém tra mé
hinh bing nhiéu kich ban, do lrdng bang céc chi s nhw MAE, RMSE, NDCG

nhim phan anh hiéu sudt hoat dong vakha ning goi y clia mé hinh.
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NOQI DUNG
CHUONG 1: GIOI THIEU VE HE KHUYEN NGHI

Chuong nay gidi thi¢u cac khai ni¢m, co sd ly thuyét va nhitng mé hinh nén
tang lién quan dén hé théng khuyén nghi, hanh vi clia ngudi tiéu dung tai chinh ciing
nhu cac img dung cua hé khuyén nghi trong nganh ngan hang. Nhimg ndi dung nay
déng vai trd 1am co s& cho viéc thiét ké va phat trién hé thong & céc chuong tiép theo.
1.1. Tong quan\ vé hé khuyén nghi
1.1.1. Khai niém hé khuyén nghi

Hé khuyén nghi (Recommender System) 12 mot linh vuc quan trong thude
TTNT (Artifical Intelligence) va KPDL (Data mining), dugc thiét ké dé hd trg ngudi
dung trong viécra quyét dinh bing cach cung cap cic dé xuat cd nhan héa dua trén
hanh vi, s& thich va dic diém riéng cua timg ngudi [3], [4], [5]. Vé co ban, hé théng
nay hoat dong nhu mét mé hinh du doén (predictive model), ¢ nhiém vu xac dinh
mirc d quan tdm cua nguoi dung dbi vai timg san pham hoic dich vu cu thé dua trén
dir liéu lich sir va bdi canh st dung.

Hé thong van hanh biang cach thu thap va phén tich di li¢u tir nhiéu nguén
khac nhau nhu: hé so ngudi dung (user profile), lich sir twong tc (interaction history),
chudi hanh vi (behavior sequence), phan héi truc tiép/gidn tiép (explicit/implicit
feedback), va cac thuge tinh mé ta san pham/dich vu [3]. Théng qua cdc k¥ thudt hoc
may (machine learning) va m6 hinh théng ké, hé khuyén nghi c¢6 kha nang hoc dugce
pattern va mbi quan hé tiém 4n giira ngudi dung va san pham, tir d6 dua ra du doan
vé mirc do phil hop cua timg dich vu déi vai ngudi dung cu thé [5].

Hién nay, hé thong khuyén nghij tré thanh thanh phﬁn quan trong trong nhiéu
nén tang 16m. Trong linh vurc thuong mai dién tir, céc nén ting nhu Amazon va Shopee
{mg dung hé khuyén nghj dé d& xuét san pham phu hop, tir 46 ning cao ty 1& chuyén
déi. Trong nganh giai tri, Netflix va Spotify sir dung cdc dé xudt ca nhin héa dé téi
uu héa trai nghiém ngudi dung dya trén thdéi quen xem va nghe [4], [5]. Trén cédc
mang x4 hoi nhu Youtube va Tiktok, hé thong khuyén nghi con déng vai trod then chét
trong viéc dinh hudng hanh vi tiéu thy ndi dung cia ngudi dung.
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Xu hudng gan day cho thay hé khuyén nghj ngay cang dugc img dung manh
mé trong linh vuc tai chinh — ngan hang [8], [12], [13]. Khéc véi céc linh vyc phd
thong, dir liéu tai chinh cé dic thi nhay cam, da chiéu va phu thudc vao nhiéu yéu té
nhu thu nhép, phén khiic khach hang, muc tiéu tai chinh, khau vi rii ro va lich st st
dung dich vu. Do d6, hé khuyén nghi trong ngan hang thuong doi hoi sy két hop giira
mé hinh dir liéu va co ché giai thich (explainability) dé dam bao tinh minh bach va
tuan thi quy dinh. Hé thong c6 thé dua ra goi y nhu: lya chon thé tin dung phu hop,
g6i vay wu dai, san phdm tiét kiém sinh 1&i, hay giai phap bao hiém c4 nhan.

Ngoai téc dong truc tiép dén trai nghi¢m khach hang, hé khuyén nghi con hé
trg cdc ngan hang t6i wu chién lugc tiép thi, ting ty 1é chuyén ddi, ning cao kha ning
giif chin khach hang v cai thién hiéu qua phan phdi dich vu [13], [14]. Nho kha néng
du doan chinh xédc nhu céu, ngan hang co thé trién khai cac chién dich ca nhén héa,
dong thoi gidm tai rii ro trong tuw vén tha cong.

Nhin chung, hé thong khuyén nghi dong vai tro then chdt trong cic ngin hang
sb hién dai, ho ltrq tu dong hda quy trinh, ning cao hiéu qua hoat dong va mang dén
trai nghiém tai chinh ca nhan héa cho tirng khach hang.

1.1.2. Phin loai h¢ khuyén nghi

Dua trén phuong phap tiép cén va loai dit liéu dugc sir dung, hé khuyén nghi
(Recommendation Systems) c6 thé dugc phén loai thanh bdn nhém chinh: dua trén
luat (rule — based), loc theo ndi dung (Content — based Filtering), loc cdng tic
(Collaborative Filtering), va md hinh lai (Hybrid Recommendation) [4], [5], [6].

e Hé khuyén nghi dua trén luit (Rule — based Recommendation - RB)

Hé thong khuyén nghi dua trén lut 12 mét trong nhitng phuong phap tién
phong, xuat phat tir linh vire hé chuyén gia va cdc hé théng hé trg ra quyét dinh.
Phuong phép ndy van hanh dya trén mét tap hop cdc luat suy dién (inference rules)
do chuyén gia xdy dung thi cong, phén anh chinh xdc tri thirc nghi€p vu cua linh vre
ap dung.

& dang co ban, mdi luit dugc mé ta theo ciu tric IF — THEN; trong dé:
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e V& IF mo ta diéu kién hodc tip diéu kién phai théa man (vi du: 46 tudi, nghé
nghiép, thu nhép, nhu cﬁu). |

e V& THEN biéu thj hanh dong hodc khuyén nghi can dua ra (vi dy: ggi y mé
thé tin dung hang chuan, dé xuat géi tiét kiém phii hgp).

Hé thdng rule — based sir dung bd suy dién (Inference Engine) dé so khép
thong tin dau vao cia ngudi dung vai cac luat hién cd. Hai chién lugc suy dién phd
bién gdm:

e Forward chaining (suy dién tién): xudt phat tir dit liéu dau vao = kich hoat
cac luat phu hgp = sinh ra khuyén nghi.

e Backward chaining (suy dién lii): xuat phét tir khuyén nghi muc tiéu - kiém
tra xem diéu kién cia luit c6 dugc thoa man hay khong.

Nho dua vao tri thire chuyén gia, phuong phap nay cé cdc dic tnung rd rét:

e Tinh minh bach cao: quy trinh ra quyét dinh cia hé théng c6 thé duoc truy vét
mot cich dé dang, boi mdi khuyén nghi déu c6 thé giai thich dua trén nhimg
quy tic va diéu kién dugc dinh nghia tnude.

e D2 kiém soét & linh hoat: phii hop véi céc linh vyc yéu cau tudn thi nghiém
ngit cic quy dinh nghiép vy, ching han nhu ngan hang, bao hiém hay y té.

e Khoéng phu thudc dir liéu: hoat dong tdt ngay ca khi dir liéu lich sir khan hiém
hodc khéng diy dii - diéu ma cdc mo hinh hoc mdy thudng gip khé khan.
Tuy nhién, hé khuyén nghi dua trén luat cling ton tai nhidu han ché da dugc

chi ra trong cdc nghién ciru vé hé chuyén gia:

e Khong c6 kha nidng tu hoc: hé thdng khong tu cdp nhit theo thay d4i hanh vi
ngudi dung hodc xu huéng thi truong, do tat ca tri thirc déu duge “mi hoéa
cing” (hardcoded).

e Khé mé réng quy mé: khi s6 luong dich vy, loai khich hang va tinh hudng
tang 1én, s6 lugng ludt c6 thé bung nd (rule explosion), gy tré ngai cho viéc
kiém soat va cai thién hé thong.

e Han ché bao phu tinh hudng: do tri thirc chuyén gia luén cé gi6i han, hé thong

kh6 bao quat toan bé trudng hop thyc té, din dén bo s6t nhiéu goi y tiém ning.
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e Dé 16i thoi: trong méi trudng ngan hang thay ddi nhanh, néu cac luit khong
dugc cap nhit kip thoi, ching sé khong phan dnh chinh x4c cac san pham hodc
chinh sach hién hanh.

Mic du ton tai nhiéu han ché, cac hé rule — based van dugc danh gia la nén
tang quan trong trong cac bai toan khuyén nghi can yéu td giai thich, tinh tuin tha
chinh séch va tinh minh bach — nhimg yéu cau cét 15i cia nganh tai chinh. Do d6, cic
mo hinh khuyén nghj hién dai thuomg két hop rule — based vdi cac k¥ thuat hoc may
dé tao thanh mé hinh lai (Hybrid Recommendation) nhim tan dung diém manh cua
ca hai hudng tiép can.

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

Hé khuyén nghi dua trén néi dung (CBF) 1a mét trong nhitng phuong phap
phd bién va c6 nén tang ly thuyét vimng chic trong linh vurc hé khuyén nghi. Phuong
phap nay dura trén gia thiét ring ngudi ding c6 xu huéng quan tam dén cdc san phim
hodc dich vu ¢é dic diém tuong tr nhirng muc ho danh gid cao hodc timg turong tic
trudce do6 [4], [5]). Khac vai Collaborative Filtering, von khai thac hanh vi cia céng
ddng nguoi dung, CBF tap trung vao viéc xay dung hd so ngudi ding (user profile)
va ho so san pham (item profile) dua trén cdc dic trung md ta (features) cua ting san
phim hoic dich vu.

Trong md hinh nay, m3i san phim dugc thé hién thong qua mét tap hop cic
dac tinh mo ta, ching han nhu muc tiéu tai chinh, mirc d9 rui ro, nhom khéch hang,
ky han va céc dic diém dich vu. Tuong tir, hé so ngudi dung dugc hinh thanh dya
trén lich sir twong téc, cic giao dich trudc ddy hodc thong tin ca nhan tir phia nguoi
dung. Khi hé théng tién hanh dua ra dé xuét, cdc thut toan s& dénh gia mic do tuong
ddng giira hd so ngudi ding va céc san phdm c6 trong hé théng. Nhirng san phim cé
mire twong dong cao hon s& dugc wu tién dé xuit cho ngudi dung.

Pé xdy dung biéu dién dic trung va tinh toan mirc d twong ddng, cic ky thuit

quan trong thuong dugc sir dung trong CBF bao gom:
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TF — IDF: phuong phéap ndy ddnh gid mirc dd quan trong cua ting tir khéa
trong mo ta san phim, giup nhin manh cic dic trung phan biét giira cic dich
vu [4].

Cosine Similarity: k¥ thuat nay do luong mirc dé gan giii giira hai vector dic
tnmg, dugc ding dé so sanh hd so ngudi ding véi san pham, ciing nhur giira
cic san pham véi nhau [5].

Vector héa vin ban (Vectorization): chuyén d6i cic mé ta dich vu ngan hang
sang dang sb bang céch sir dung cac phuong phap nhu Bag — of — Words hoic
Embedding, gitip thuat toan c6 thé xir 1y va tinh toan.

Mb hinh hoc siu (Deep Leaming): Mét sé phuong phép hién dai nhu
Word2Vec va BERT dugc ing dung dé cai thién kha ning nam bét ngit nghia
trong dir liéu mé ta ctia san pham.,

U'u diém

Phuong phap CBF sd hitu nhiéu vu diém quan trong:

Khéng phu thudc vio dir liéu cia nguoi dung khéc, do d6 phu hop v&i moi
trurdmg 6 s6 luong ngudi ding han ché hoic thiéu dir liéu twong téc.

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

Dé giai thich, nh& kha nang thuat lai ly do goi y dya trén déc trung tuong dong
giira san phdm va hé so ngudi dung (vi du: twong ddng vé& muc tiéu tai chinh,
mirc rui ro hoac phén khiic khach hang).

Tinh én dinh cao khi dit liéu it thay ddi, dic biét phii hgp véi méi trudng ngin
hang — noi cdc san phim thudng c6 dic tinh mo ta rd rang va n dinh theo thdi

gian.
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Han ché:

Mic di hiéu qua, CBF ciing ton tai cac nhugc diém da dugce nhicu nghién ciru
chira [6], [7]:

e Nguy co hién tugng chuyén biét hda qua mic (overspecialization), hé thong
c6 thé chi dé xuat nhimg san pham tuong ty nhau, han ché kha ning kham pha
va goi y céc linh vyc hodc san phim mdi.

e Chi hoat dong hiéu qua khi san ph:im c6 mb ta chi tiét va dac trung rd rang;
cac dich vu ngin hang triru tugng hoic it thong tin mo ta sé gay khé khan cho
mo hinh.

e Khéng tdn dung dugc xu hudng hodc hanh vi cua cong dfing ngudi dung, 1am
cho mé hinh hoat déng kém hon Collaborative Filtering trong bdi canh can
huan luyén véi dir liéu quy mé 16n.

Mic du van ton tai mét sé han ché, CBF van giit vai trd quan trong trong cic
hé khuyén nghi hién dai. Khi tich hgp vio cac mé hinh lai (hybrid), CBF khéng chi
nang cao tinh minh bach, 6n dinh va kha ning giai thich cua hé thong, ma con cung
cap thong tin vé ndi dung dé bl dip nhirng han ché cua Collaborative Filtering.

e H¢é khuyén nghi loc cong tic (Collaborative Filtering - CF)

Loc cong tac (Collaborative Filtering — CF) 1a mét trong nhimg ky thut nén
tang va dugc tng dung rong rdi trong cac hé théng khuyén nghi hién dai [3], [6].
Khac vdi phuong phap loc theo ndi dung, CF khong can dén thong tin mé ta san pham
hay h so chi tiét ciia ngudi diing. Thay vao d6, thudt todn dya trén cic mé hinh twong
tac gilra nguoi dung va san phﬁm, chfmg han nhu danh gia, hanh vi xem, mua sdm,
hoic cic dang phan hdi khac [4], [5]. Phuong phip nay dya trén gia thiét ring nhimg
ngudi dung c¢6 hanh vi tuong ddng trong qua khir s& ¢ xu huéng quan tim dén nhimg
san phdm tuong tr trong tuong lai.

Hai huwéng tiép cin chinh cia CF

o User— based Collaborative Filtering
User — based CF xac dinh nhirng nguai dung c6 lich sir twong tic tuong ty vdi

ngudi ding hién tai, dugc goi la ‘neighborhood’. Mirc d§ tuong ddng giita cic ngudi
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dung thudng duge do bing cdc chi sé nhu Cosine Similarity, Pearson Correlation
hodc Jaccard Similarity [4], [5].

Sau khi nhém ngudi dung tuong ddng dirge xdc dinh, hé théng s& dé xuit
nhimg san phim ma nhém ndy quan tim nhung ngudi ding hién tai chua trai nghiém.

Phwong phap nay mé phong céch thirc con ngudi thuong tham khao y kién 13n
nhau, mang tinh tryc quan va ty nhién, tuy nhién khi s6 lugng nguai ding rat 16n, chi
phi tinh todn sé trd nén dang ké.

o Item — based Collaborative Filtering

Item — based CF khéng tap trung vao ngudi dung ma phan tich moéi quan hé
giita cac san phim. Phuong phép nay dua trén quan sat ring nhimg san phdm thudng
dugc nhiéu ngudi ding danh gia twong tur sé ¢6 mic d6 lién quan cao.

Khi ngudi ding quan tim dén mét san pham, hé théng s& dé xuat cdc san phim
tuong tr dyua trén ma tran dong xuat hién (co — occurrence) hodc do ludng mic dé
giéng nhau giita cic sin pham. Phurong phap nay c6 wu diém vé tinh 6n dinh, kha
ning mé rong va phi hop véi céc nén ting quy mé Ién nhu Amazon, noi item — based
CF dugc chirng minh hoat dgng hiéu qua hon user — based CF [4], [6].

Thuit toan va ky thuit trong CF

CF truyén théng hoat dong dua trén bd loc 1an can (neighborhood — based
methods), nhung sau nay dugc mo rong bai nhiéu k¥ thuit ning cao nhu:

e Matrix Factorization (MF), dic biét la SVD, SVD++, NMF: giip phan ra ma
tran ngudi ding — san phim thanh céc vector dic trung an, 1a buéc dot pha
trong hé thdng khuyén nghi nh& kha ning téng quat héa manh.

e Implicit Feedback Models: sir dung cdc tin higu gian tiép nhu lugt xem, click,
thay vi danh gia tudng minh.

e Autoencoders va Deep Leamning — based CF: 4p dung mang no — ron dé hoc
representation ciia ngudi ding va san pham, cho két qua tot hon trong méi
truomg dir li¢u 1on.

Nhimng k¥ thuat ndy gitp CF vugt qua nhiéu han ché ciia mé hinh truyén thong,

nhét 12 vin dé dir liéu thua (sparsity).
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Uu diém ciia Collaborative Filtering

e Khéng phu thuéc mé ta san pham, phit hgp khi dir liéu mé ta nghéo nan hoic
khéng chuan héa.

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

e (6 kha ning nhan dién cic moi quan hé tiém 4n giira nguoi diing va san phim

—nhitng yéu t6 ma phuong phép loc theo ndi dung (CBF) khé ¢6 thé phat hién.

e Hoat dong tét khi dir liéu trong tic nhiéu, ngudn san phdm da dan g.

Han ché ciia Collaborative Filtering

Du mang lai hiéu qua cao, CF van con cic han ché di dugc néu trong nhiéu
nghién ciru [4], [5], [7]:

e Cold — start problem: Pdi vdi cic ngudi ding hoic sin phim hoan toin

mdi, do thiéu di¥ liéu twong tac nén hé théng hau nhur khong thé tao ra cdc
goi y dang tin cay.

e Data Sparsity (d6 thua dir liéu): Trong thuc té, ma trdn tuong tic thudng
cuc ky thwa (sparsity 1én dén 99%), khién viéc tinh todn d6 twong dong khé
khan.

e Scalability (kha ning md rong): User — based CF gap vén dé khi s6 luong
ngudi dung rat 16n, do cn tinh todn trong dong trén quy mé lén.

e Khong thé giai thich rd rang: CF khé cung cap ly do minh bach cho méi
201 y, khac vdi rule — based hodc CBF.

e H¢ khuyén nghj lai (Hybrid Recommendation)

Hé khuyén nghi lai (Hybrid Recommender System) 1 phuong phap két hop
ddng thai hai hodc nhiéu k§ thuat khuyén nghi khdc nhau nhim tin dung uu diém va
giam thiéu han ché ciia timg phuong phép don 1é. Viéc tich hop nay gitp hé théng
dat dugc hiéu qua du doédn cao hon, ting tinh bao phu (coverage) va cai thi¢n kha
nidng ca nhan héa trong nhiéu béi canh tmg dung phirc tap, dic biét la trong linh vyre

tai chinh — ngan hang, noi yéu céu tinh n dinh va minh bach rit cao.
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Céc md hinh lai thudmg két hgp gitta mdt hodc nhiéu k¥ thuit sau: Rule -
based (RB), Content — based Filtering (CBF), Collaboratice Filtering (CF), hodc cic
phwong phép dya trén mé hinh hoc méy hién dai nhu Matrix Factorization, Deep
Leamning, Graph — based Recommendation. Sy két hgp nay cho phép hé théng vira
khai théc tri thitc chuyén gia (RB), vira tin dung thong tin ngi dung san phim (CBF),
vira hoc theo hanh vi ngudi dung trong cong ddng (CF), tao nén co ché khuyén nghi
toan dién va linh hoat.

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

e Weighted Hybrid — Két hop c6 trong s6

Cac thuat toan khuyén nghi dugc chay d6ng théi va mbi thuat todn déng gép
két qua theo mét trong sd x4c dinh. Trong s0 c6 thé ¢ dinh hoac diéu chinh dua trén
chit lugng du doan.

e Switching Hybrid — Chuyén déi giita cic phuong phap

Hé thdng lya chon thuit ton phi hgp nhat tily vao ngir canh. Vi du: ding rule
— based khi ngudi ding méi (cold — start), va chuyén sang CF khi du di liéu ddnh
gia.

e Cascade Hybird — Két hop dang ting

MGt thudt toan dwa ra danh séch goi y ban dau, thuit toan khac refinement va

sip xép lai, giup két qua cudi cung tinh gon va chinh xac hon.
e Feature Combination — Két hgp dic tnmg

Két qua tir nhiéu hé khuyén nghj dugc tich hgp va dua vao mét mé hinh hoc
may chung.

o Feature Augmentation — B6 sung dic tnumg

Két qua ciia mét mé hinh duge sir dung 1am dic trung (feature) du vio ting
cuong cho mé hinh khéc. Vi du: embedding tir CF dugc dung trong mé hinh CBF.

e Meta— level Hybrid — M hinh cap cao
M6t mé hinh tao ra biéu di&n (model) va mé hinh khdc sir dung lai biéu dién

d6 dé ra quyét dinh khuyén nghi.
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Trong Iinh vyre tai chinh — ngan hang, hé thng khuyén nghi lai dugc danh gia
la phi hop nhat do dic thu dit lidu vira mang tinh nghiép vu chit ché, vira bao gom
nhiéu thugc tinh hanh vi phirc tap. Thuc té, nhiéu ngan hang qudc té dang trién khai
m6 hinh két hgp:

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

vi ngudi dung tir cong dong.

e CBF + CF: gitip tang kha nang goi y cac dich vu méi dua trén dac trung néi
dung va lich sir trong téc.

e RB + CBF + CF: tao thanh m6 hinh lai toan dién, vira dé giai thich, vira linh
hoat va chinh xac.

Ngoai ra, trong méi trudng ngan hang, noi cac khuyén nghj phai dam béo tudn
thi quy dinh, han mirc, diéu kién san phim va hé so khach hang, viéc tich hgp Rule
— based nhur mét 16p kiém nghiém (validation layer) gitip ting d9 tin cdy va ddam bao
céc goi y khong vi pham quy dinh nghiép vu. Nho tin dung thé manh cia nhiéu ky
thuat khac nhau, hé khuyén nghi lai ngdy cang trd thanh yéu té quan trong trong cic
giai phap tu vén tai chinh, hd trg qua trinh chuyén di s6 ciia ngan hang va mang lai
trai nghiém t6t hon cho khéach hang.

1.1.3. Chu tric tdng thé ciia hé khuyén nghi

M4t hé khuyén nghi hoan chinh thudng bao gdm ba thanh phin chinh: kho tri
thirc (knowledge base), bo suy dién (inference engine) va giao dién ngudi ding (user
interface) [1], [4], [5]. Céc thanh phin nay hoat dong phdi hop dé thu thip di liéu,

xir ly, phén tich va sinh ra cac ggi y phu hop véi tig nguoi dung.
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Hinh 1.1: Ciu triic téng thé cia hé khuyén nghi
e Kbho tri thirc (Knowledge Base)

Kho tri thirc 12 nén tang di¥ liéu ct 16i ctia hé khuyén nghi, né Iuu trix va quan
ly toan bg théng tin lién quan dén nguoi dung, san pham, tuong tic, phian hoi va cic
luat nghiép vu.

Thanh phén nay c6 thé bao gom:

o Co so dit liéu nguoi dung (User Profile Database): chira thong tin dinh
danh, thong tin ca nhan (tudi, nghé nghiép, thu nhép, khu vyc), hanh vi
sir dung va théi quen, mdi quan tdm cia khéch hang.

o Co so dit lidu san pham (Item/Product Database): bao gém mo ta chi
tiét san phim, tinh chat, muc tiéu, phin khic khach hang myc tiéu.

o Dir liéu lich sir giao djch (Transaction & Rating History): ghi lai twrong
tac giira ngudi ding va san pham (giao djch, danh gid, tan suit st dung).
o Tiap ludt nghiép vu (Rule base): tdp hop cic quy tic “néu — thi” dugc
phét trién tir kinh nghiém va hiéu biét thyc tién cua cic chuyén gia,
phuc vu cho mé hinh Rule — based hodc cﬁc diéu kién rang budc cua hé
thong.
Kho tri thirc déng vai trd ngudn dir ligu trung tim, duge cip nhat thudng xuyén

nhim dam bao tinh chinh xé4c va kha ning hoc héi ciia mé hinh.
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e B§ suy dién (inference Engine)

B suy dién duge xem la trai tim cia hé khuyén nghi, thuc hién qua trinh phén
tich, hoc va dwa ra goi y. Thanh phan nay bao gdm cic md hinh hoc may va thuat
toan dugc lyra chon tuy theo loai hé thong:

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

o Content — based Module: phan tich ddc trung ndi dung cua san pham
va hd so nguoi ding bing cac phuong phép nhu TF — IDF, Cosine
Similarity, hoic Embedding Models.

o Collaborative Module: tin dung dit liéu tuong tic giita ngudi diung va
san pham dugc biéu dién trong ma tran user — item dé phat hién cic moi
lién hé, ap dung Item — based CF hodc User — based CF dé du doan so
thich.

o Hybrid Engine: két hop nhiéu mé hinh (CF, CB, RB) theo cic co ché
nhur weighted, switching hodc cascade, ti vu dua trén dic diém ngudi
dung, giup khic phuc véan dé cold — start va ting do chinh xdc.

Bo suy dién ciing c6 thé bao gdm cdc co ché hoc thich nghi (adaptive learning)
gitip md hinh cai thi¢n theo thdi gian thong qua phan hdi cua ngudi dung (feedback
loop).

e Giao dién nguoi dung (User Interface)

Giao dién ngudi dung duge xem nhur kénh lién két gitip ngudi dung cudi thao
tc va tuong tic véi hé théng. Thanh phin nay c6 nhiém vy hién thj két qua goi y, thu
thap phan hoi va cho phép ngudi dung twong tic tryc tiép vGi hé thdng.

Nhirng tiéu chi co ban dbi véi giao dién bao gom:

o Trinh bay danh sich san phdm goi y mt céch truc quan, ¢é thé sap xép
theo diém phii hop hodc danh myc san pham.

o Cung cip chirc nang dé ngudi ding — dic biét 1a nguoi ding lan dau —
nhap théng tin ¢4 nhin hofic muyc tiéu ma ho mong muén.

o Giai thich ly do goi y.
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o Cung cp co ché thu thip da phéan hdi tir ngudi diing nhim néng cao dj
chinh xdc va hi¢u sudt ctia mé hinh trong nhimg lan ggi ¥ tiép theo.

Trong cdc hé thdng ngin hang sd, giao dién ngudi ding thudng duge trién
khai duéi dang img dung web hodc img dung di dong, trién khai bing cac cong nghé
nhu Flask, React]S, hodc tich hgp tyc tiép trong hé théng CRM (Customer
Relationship Management).
1.2. Téng quan vé dich vu ngin hang
1.2.1. Phén loai dich vu ngan hang cho khach hang ca nhan

Khi nganh ngin hang budc vao qué trinh chuyén dbi s6 sau rong, cic ngan
hang hién dai da khong ngimg da dang héa danh muc séan pham, bao gém ca dich vu
truyén thong lan cac giai phap tai chinh hién dai dugc phét trién theo dinh hudng ca
nhan héa nhim téi wu trai nghiém ngudi dung. Céc san phém hudng dén khach hang
c4 nhan c6 thé dugc phan loai theo muc dich va nhu ciu sir dung:

e Dich vu tiét kiém

Nhom san phz:lm tiét kiém gém nhiéu lva chon: tiét kiém c6 ky han, khong ky
han, tiét kiém truc tuyén; cic goi giri g6p linh hoat (dinh ky hodc khéng dinh ky) va
nhirng san phém dic thu nhu tiét kiém an sinh, hoc dudmg, huu tri hay tich liy kiéu
héi, ...[16]

Muc tiéu ciia nhém nay la gitip khéch hang quan ly nguén tién nhan rdi, sinh
J4i an toan va linh hoat theo nhu cau tai chinh.

Hé khuyén nghij c6 thé goi ¥ san phdm tiét kiém téi wu dyra trén thu nhap, thoi
han mong muén va mic do chap nhén rii ro.

e Dich vu vay von

Dich vu nay cung cp nhiéu san pham, dién hinh nhu vay tiéu dung, vay thé
chép, vay mua nha, mua xe, vay san xuit — kinh doanh [16]. Piy la nhém dich vy
mang lai nguén thu chinh cho ngan hang, ddi héi viéc danh gid i ro va kha ning tra
ng cua khéach hing dwa trén ho so tin dung, lich sir thu thap va hanh vi chi tiéu [8],
[13].
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Hé khuyén nghi ¢6 thé hd trg x4c dinh san phim vay phit hgp va han mic tin
dung t6i wru cho timg ca nhén.
e Dich vu diu tr
Bao gdm cac dich vu: trai phiéu c4 nhan, quy dau tu, chimg chi quy, ... [16].
Céc ngan hing ngay cang chi trong vao viéc cung cip cong cu dau tu linh hoat, cung
cip céc Iwa chon dau tu phong phu cho khach hang. Ung dung hé khuyén nghi gitp
phan loai rii ro, tir 46 d& xuét chién luge dau tu phu hop.
e Dich vu thé tin dung
Dich vu nay gom thé tin dung ndi dia, quc té, thé lién két sinh vién [16], ...
Nhoém nay hudng dén maé rong kha nang chi tiéu va quan ly dong tién c4 nhan, dong
thoi cung cép wu dii, tich diém va chuong trinh khich hang thin thiét. Hé khuyén
nghi c6 thé dé xuit loai thé pht hgp dua trén théi quen tiéu dung, thu nhap va lich su
sir dung thé cua khach hang.
¢ Dich vu mé tai khoan
Bao gdm mé tai khodn co bén, tai khoan tiéu chuén, tra luong, [16] ... Pay la
nhom dich vu co ban, nhung ciing 1a budc dau trong hanh trinh trai nghiém khéch
hang, déng vai trd nén tang cho cac dich vy ngan hang khic.
e Dich vu ngin hang so
Bao gom Mobile Banking, Internet Banking, eKYC, quan ly tai chinh ca nhan
truc tuyén [16], ... Ngan hang sb giup tu dong hoa quy trinh giao dich, cho phép
ngudi dung thue hién moi thao téc tir xa véi trdi nghiém nhanh chong, bao mat va
than thién.
Céc hé khuyén nghi dugc tich hop truc tiép trong (ing dung ngan hing s6 dé
phan tich hanh vi sir dung va dua ra ggi y phu hgp theo théi gian thye.
¢ Dich vu thanh toan
Bao gdbm chuyén khoan nhanh 24/7, QR Pay, Vi dién t, thanh toan héa don
tu dong, nop thué dién tir [16], ...Pay 1a nhém dich vu thiét yéu, phan ing tin sudt
giao dich va hanh vi tiéu ding cia khach hang. Hé khuyén nghi c6 thé goi y phuong

thire thanh toan tdi vu, gitp tiét kiém chi phi va tdi wu trii nghiém ngudi ding.
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e Dich vu bo hiém

Bao gém bao hiém nhan th, bao hiém sirc khoe, bio hiém tai san [16], ...
Ngén hang thuong két hop véi cong ty bao hiém dé cung cap giai phap tai chinh toan
dién cho khach hang. Cdc mé hinh khuyén nghi trong linh vuc nay gitp xdc dinh
ding nhu cdu bao v¢ va dau tu, tir 46 ting kha ning tu van thanh cong.

Viéc phin nhém sin phim theo muc tiéu sir dung gitip ngan hing dé dang trién
khai chién luoc khuyén nghi ca nhin héa, tir d6 tang kha ning tiép can va mirc d6 hai
long cua khach hang.

1.2.2. Phén loai nhu ciu va hanh vi nguoi ding

M3i khach hang ca nhan déu c6 dic diém, muc tiéu va lich st sir dung dich vu
tai chinh khédc nhau, chiu anh huéng bdi cic yéu té nhu thu nhép, do tudi, nghé
nghiép, vi tri dia ly va kha ndng tiép can cong nghé. Cic hé khuyén nghi trong ngan
hang can xdy dung hé so ngudi dung (user profile) phan 4nh céc dic trung nay dé
dua ra ggi y phu hop.

Hanh vi va nhu ciu tai chinh cuia khich hang c6 thé dugc phan loai theo cic
tiéu chi:

¢ Muc tiéu tai chinh (Financial Goal): Khdch hang c6 thé cé nhiéu muc tiéu tai
chinh khac nhau, nhu md tai khoan hodc str dung ngédn hang s6, tiét kiém va
tich liiy tai san, vay vén hodc du tu kinh doanh, hoic tham gia céc san phim
bao hiém va bao vé tai chinh dai han.

e Phan khic khach hang (Customer Segment): Cac khich hang c6 thé dugc phan
loai theo phan khic nhur sinh vién hodc ngudi mai di lam thudng s€ wu tién

mé tai khoan, sir dung ngin hang s, thé tin dung; nhan vién hogc ngudi da di

1am n dinh thuong quan tim dén viéc tiét kiém, ddu tu va vay tiéu dung; ho

kinh doanh hoZic doanh nhin wu tién cac géi vay hd trg, quan ly tai chinh doanh
nghiép va bio hiém tai san; khach hang c6 thu nhdp cao (khach hang VIP)
thuémg chi trong ddu tu, bao hiém cao cp va dich vy tu vén tai chinh c4 nhan
héa; nhém ngudi huu tri thuong quan tim dén cdc san phﬁm tiét kiém dai han,

bao hiém sirc khoe, cic djch vu quan Iy tai chinh an toan, én dinh.
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 Hanh vi tiéu dung tai chinh (Financial Behavior): C4c khach hang c6 thé khéc
nhau vé tin sudt giao djch, s6 lugng san pham tai chinh ma ho sir dung, mirc
d¢ phan hoi véi cac chuong trinh khuyén mai, cling nhu mic dg sir dung da
kénh nhu mobile banking va internet banking.

Pay la budc quan trong dé huan luyén hé khuyén nghi, gitip mé hinh du doan
chinh xac hon san phdm ma ngudi ding tiém ning sé quan tam.

1.2.3. Vai tro ciia hé khuyén nghi trong linh vuc tai chinh — ngin hang

Ap dung hé khuyén nghi trong nganh tai chinh — ngan hang mang lai nhiéu lgi
ich quan trong cho ca khach hang va té chirc cung cap dich vu. Pdi vdi khach hang,
hé théng gitip c4 nhan héa trai nghiém bang cach dé xuat cic san phim phi hgp véi
nhu ciu, muc tiéu tai chinh, mic thu nhdp va hanh vi giao dich cua timg cd nhan, tir
d6 nang cao mirc dd thuat tién va chat lugng tuong tic vdi ngan hang.

Déi vai td chire tai chinh, hé khuyén nghi gép phan téi wu hiéu qua kinh doanh
thong qua viéc ting ty 1& chuyén dbi san phim, cai thién hiéu qua tiép thj va hd trg
phan phéi dich vu ding déi trong muc tiéu. Dong thai, hé théng gitp ngan hang xay
dung chién luge chim séc khach hang dua trén dir liéu, tir 46 ning cao mirc dé hai
long, duy tri khach hang va ting gid tri vong doi khach hang (Customer Lifetime
Value).

Bén canh do, hé khuyén nghi con déng vai trdo nhu mét cdng cu hd trg ra quyét
dinh, gitp b phan kinh doanh va tiép thi phan tich xu huéng st dung dich vy, dédnh
gia nhu cdu tiém ning va téi wru danh muc san pham. Nh& vy, ngan hang c6 thé xay
dung céc chién Iuge san phim,chinh sdch wu ddi va chuong trinh chdm séc phi hop
hon, gép phén ning cao hi¢u quéa vin hanh va ning luc canh tranh trén thi trudng.
1.3. Mé hinh khuyén nghij trong linh vue tai chinh — ngin hang

Su phat trién cia Big Data va céc ky thuat hoc may da thic day viéc img dung
manh mé cic md hinh khuyén nghj trong linh vyc tai chinh — ngan hang, nhim cd
nhan hoéa dich vy, ning cao trai nghiém khéch hang va tdi uu héa hi¢u qua kinh doanh.
Dir liéu ngan hang nhu hd so c4 nhan, thu nhip, hanh vi giao djch, lich sir sir dung
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dich vy va myc tiéu tai chinh la ngudn thong tin quan trong gitip cdc mé hinh khuyén
nghi dua ra két qua chinh x4c va tuong thich véi timg nhém khéch hang.

Khéc véi hé khuyén nghj tong quat & céc linh vic thuong mai dién tir hodc
giai tri, hé khuyén nghij trong ngan hang c6 dic thii can dam bao tinh bao mat di liéu,
giai thich rd rang, va tuan thu cic quy dinh nghiép vu. Vi vdy, cic mé hinh thuong
phai dugc didu chinh dé phi hgp véi béi canh kinh doanh va yéu cau giam sat cia to
chure tai chinh.

e M5 hinh khuyén nghi dira trén luit (Rule — based Recommendation):

Trong ngén hang, rule — based duoc sir dung réng rii dé tur van cac san phdm
c6 diéu kién nghiép vu rd rang, ching han nhr yéu cau thu nhap téi thiéu, phan khic
khach hang, d6 tubi hay muc tiéu tai chinh. Tép luit dugc xiy dung dua trén tri thirc
chuyén gia, cho phép hé théng dra ra cac quyét dinh minh bach, dé kiém sodt va dé
giai thich.

Phuong phéap nay c6 wu diém 1a sy rd rang trong giai thich va kha nang dam
bao tudn thu quy dinh ndi by. Tuy nhién, hé thé-ng khé mo rong, kho tu dong thich
tmg khi thay d6i san pham hodc chinh sich.

e MG hinh loc theo ndi dung (Content — based Filtering):

Trong bdi canh ngan hang, CBF khai thac cac thugc tinh cia dich vu nhu loai
san phdm, muc tiéu tai chinh, mirc d6 rii ro, phan khic khach hang hudng t6i, thoi
han va lgi ich. HS so ngudi ding ciing dugc md ta dva trén théng tin tai chinh, muc
tiéu va hanh vi st dung. Viéc tinh toan mirc do twong ddng gitip hé théng dé xuat cac
san phim lién quan, nhu khach hang quan tim dén tiét kiém c6 thé duogc dé xuit cac
san pham giri gdp hodc chimg chi quy an toan.

CBF phi hop véi khach hang méi, song vin gip han ché khi chi dé xudt cic
san pham tuong ty, chua hé trg khdm phé sin pham méi.

e Mo hinh lgc cdng tic (Collaborative Filtering):
Trong ngan hang, CF khai thac lich sir trong tac ciia nhidu khach hang dé tim

ra cic miu chung trong hanh vi tai chinh. Phuong phdp ndy giip xac dinh cic san
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pham thudng duge lyra chon ciing nhau (vi dy, vay mua nha di kém béo hiém tai san)
hofic nhém khéch hang c6 théi quen sir dung dich vy tvong ddng.

CF mang lai kha ning hoc sé thich tiém an, dic biét hiéu qua véi khéch hang
c6 nhiéu giao dich. Tuy vay, CF gip han ché véi ngudi dung maoi va san phfim mai —
mot vin d& phd bién trong cac dich vy tai chinh.

e M5 hinh khuyén nghi lai (Hybrid Recommendation Model):

Pé tan dung day di wu diém cua timg mé hinh, cic ngan hang thuéng trién
khai mé hinh lai két hgp Rule — based, Content — based va Collaborative Filtering.
Céch két hop c6 thé la gan trong 50, chuyén déi theo diéu kién hoic ting cuong dic
trung, tiy theo mirc d6 dit liéu va dic diém cta khach hang.

Trong khuén khé dé tai nay, mé hinh lai dugc xiy dung theo huéng Adaptive
Hybrid, diéu chinh trong sb giita cic mé hinh thanh phén dua trén mirc d6 hoat dong
cta khach hang: ngudi dung mdi vu tién Rule — based va CBF, trong khi khach hang
c6 lich sir giao dich phong phi sé dugc wvu tién ggi y dua trén CF. Cich két hop nay
gitp hé théng dam béo tinh chinh xdc, linh hoat, phit hop hon véi thuc té van hanh
cua ngén hang.

1.4. Két luan chwong 1

Chuong 1 di tdng hop va trinh biy toan dién cdc co s& ly thuyét nén tang lién
quan dén hé khuyén nghi va img dung clia ching trong linh vyrc tai chinh — ngan hang.
Trén co s& phén tich khdi niém, vai tr6 va pham vi ing dung cia h¢ khuyén nghi,
chuong nay da 1am rd cac phuong phap tiép can phé bién gdm: mé hinh dya trén lujt,
loc theo néi dung, loc cdng téc va mé hinh lai. Mdi phwong phap duge mé ta theo
nguyén ly hoat déng, wu diém, han ché va tinh pht hgp trong madi truong nghiép vu
ngén hang.

Bén canh d6, churong d3 trinh bay dic trung danh muc san phdm ngan hang danh
cho khach hang c4 nhén, ddng thoi phan tich hanh vi va nhu cau ngudi ding theo cdc
tiéu chi nhu muyc tiéu tai chinh, phan khic khich hang va hanh vi tiéu dung tai chinh.

Nhiing phan tich ndy dong vai trdé quan trong trong viéc xdy dyng hé so ngudi ding
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(user profile) — thanh phan ¢ét 1i gitip mé hinh khuyén nghij cung cap cic ggi ¥ chinh
xdc va phu hop.

Ngoai ra, chuong da gidi thiéu cdu triic tdng thé cia mot hé khuyén nghi hoan
chinh, gém kho tri thirc, bj suy dién va giao dién ngudi dung, cho thay céch cdc thanh
phin nay phdi hop véi nhau dé tao ra cic ggi y c6 tinh ca nhan héa. Qua dé, chuong
da khing dinh vai trd thiét yéu ciia hé khuyén nghi trong viéc nang cao trii nghiém
khach hang, ti wu chién lugc kinh doanh va hd trg hoat dong, tu vén trong céc td
chure tai chinh — ngan hang hién dai.

Nhin chung, Chrong 1 déng vai trd dinh huéng va thiét 1ap co s& ly thuyét vimg
chic, gitip hinh thanh co s& 1y luan phuc vu cho qua trinh thiét ké, xdy dung va trién
khai hé thong khuyén nghi & cac chwong tiép theo. Cac khai niém, mé hinh va phan
tich dugc néu trong chuong nay la co sg dé phat trién mé hinh khuyén nghi lai digc

dé xuit 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 x4y dung hé thdng khuyén nghi
dich vu ngan hang, bao gdm phan tich nguai diing, mé ta nguon dit liéu, x4c dinh yéu
cau ky thuat, thiét ké kién tric tong thé va lua chon cic phuong phép dir dodn phi
hgp. Muc tiéu cua chuong 12 hinh thanh nén tang ly thuyét va k¥ thuat dé trién khai
mo hinh khuyén nghi trong méi trréng (mg dung thyc té.

2.1. Phan tich nguoi dung

Ngudi dung ca nhén cia ngan hang 1a nhém ngudi dung da dang vé d¢ tudi,
nghé nghiép, thu nhdp va muc tiéu tai chinh. Viéc phan tich ngudi dung nham xac
dinh dic diém, hanh vi va nhu cau cia timg nhém, tir d6 phuc vu qua trinh c4 nhan
hoéa goi y san pham.

e PDic diém khich hang:

Céc dic diém co ban cua khach hang cé nhin bao gom:

P6 tuéi: anh huong truc tiép dén nhu cau tai chinh va lya chon sin pham. Vi
du, khach hang tré tudi thuong wru tién cac san pham ngan hang s tién lgi, thanh todn
nhanh, cac dich vu lién quan dén gi4o duc, du hoc hodc khai nghiép. Trong khi do,
nhém khéch hang trung nién va huu tri quan tim nhiéu hon dén cdc san phdm bao
toan vén, tiét kiém dai han, bao hiém, ciing nhu cac dich vu tu van diu tr 4n todn va
chiam soc sic khoe tai chinh lau dai.

Giéi tinh: c6 thé tic dong dén cach khich hang ra quyét dinh tai chinh, vi dy,
mot sd nghién ciru chi ra ring nir gidi cé xu hudng wu tién quan ly rii ro va tiét kiém,
trong khi nam gi6i c6 xu huéng tim kiém céc co hi dau tu.

Thu nhdp va nghé nghiép: khung thu nhap va nghé nghiép quyét dinh kha nang
tiép can cac san phim tai chinh phic tap hon. Nhém khach hang c6 thu nhap trung
binh thudmg wu tién cac san pham tiét kiém va tin dung ca nhén, trong khi nhém thu
nhép cao hoic doanh nhin quan tdm dén bao hiém, dau tu tai chinh, quy hwu tri hodc

cac san pham ngin hang dau tu.
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Kha ning chap nhén riii ro: dic diém nay anh hudng dén loai san pham khich
hang sin sang tham gia, tir cdc san phim an toan nhur tiét kiém va bao hiém, dén céc
san pham i ro cao hon nhu ¢6 phiéu, trai phiéu doanh nghiép hodc quy diu tu.

Viéc phan tich chi tiét cdc dac diém nay khong chi gitip ngan hang hiéu rd hon
vénhu cAu cta khach hing ma con la tién dé dé phat trién cac co ché dé xudt c4 nhan
héa trong hé théng khuyén nghi.

o Hanh vi sir dung dich vu:

Hanh vi cia khach hang 1a mét yéu té quan trong dé phin tich va dy doan nhu
chu tai chinh c4 nhan. Cac dit liéu hanh vi bao gdm:

Téan sudt giao dich: xac dinh mirc d6 twong tic ciia khich hang véi cic san
phim ngéan hing, qua ddy nhin dién nhém khach hang c6 mirc d$ tuong tic cao va
nhom it frong tac.

San pham khdch hang timg sir dung: cho thay xu huéng va sé thich cua khach
hang, vi du, khéch hang sir dung nhiéu sin phim tiét kiém c6 thé quan tdm dén céc
g6i bao hiém hoic dau tu ngan han.

Phan héi véi chwong trinh khuyén mai: gitip danh gid mic dd nhay cam cua
khach hang véi cac chién dich marketing va wu dai, tir d6 t6i wu héa cach trién khai
chuong trinh khuyén mai cho tirng phan khiic.

Mirc d twong tdc vdi cdc kénh ngdn hang sé: phan anh kha ning tiép nhan
cong nghé va dich vu ngén hang s, vi du, khdch hang thudng xuyén sit dung tng
dung di dong hodc Internet Banking c6 khéa nang tiép nhan cac sin phdm tai chinh s
cao hon.

Nhimng dif liéu hanh vi nay dirgc xem la dir liéu chu chét gitp cic hé théng
khuyén nghi hoc va du doan céc san pham phi hop, tir d6 cai thién trai nghi¢m khdch
hang.

e Phan khiic khach hang:
Dua trén sy két hop giira thong tin cd nhan va hanh vi tai chinh, khach hang céd

nhin cé thé dugc phan loai thanh cac phan khiic dién hinh, bao gom:
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Sinh vién: uu tién cac san phz’im tiét kiém nho, thé thanh toan tién lgi, cdc dich
vu hé trg hoc tip hoic chi tiéu hang ngay.

Ngueoi di lam: quan tam dén quan ly thu nhép, tiét kiém dai han, dau tu va bao
hiém.

Doanh nhan va hé kinh doanh: chii yéu quan tim dén c4c san phdm tin dung,
céc giai phap dau tu, quan ly dong tién va bao hiém i ro.

Hieu tri: wu tién bao toan von, tiét kiém dai han, cic san pham chim séc sirc
khoe va dich vu ngan hang an toan.

Maéi phan khic khach hang c¢6 muc tiéu tai chinh, hanh vi tiéu dung va kha
nang Cl‘lép nhan nii ro riéng, do d¢ viéc xac dinh rd dic tng hanh vi va nhu ciu cia
timg nhom la co s& quan trong dé xay dung cac hé théng khuyén nghi ¢4 nhan héa.
Khi hé thémg nam bit chinh xac cac théng tin nay, kha nang cung cép goi y san pham
phtt hop sé& dugc ti wu héa, tir 46 ning cao hiéu qua tu vén va su hai 1ong cia khéch
hang.

2.2. Nguén dir lidu va dic diém

Dir liéu 12 yéu tb nén tang trong bat ky hé thong khuyén nghi nao, quyét dinh
truc tiép chét lugng du doan va hiéu qua goi y san pham. Trong hé thdng nghién ciru
nay, dir liéu dugc sir dung 12 dir liéu mé phong (synthetic data), duge xay dung dua
trén cac kich ban nghiép vu thuc té ciia ngan hang.

e Thanh phan dir li¢u:

Ngudn dif liéu mé phong dugc t6 chirc thinh ba thanh phan chinh, twong img
véi céc thuc thé co ban trong ngin hang.

H0 so khdch hang (Customers):

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

nghiép, mirc thu nhap va vung dia ly.

o Bao gdm cdc théng tin lién quan dén myc tiéu tai chinh va kha ning chip

nhén i ro, phuc vu viéc phan loai phan khic khach hang.
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o Phéan khic khich hang duge xdc dinh dya trén sy két hgp giira dic diém
nhan khau hoc va hanh vi tiéu dung, vi dy: sinh vién, ngudi di 1am, doanh
nhéin hojic nhém huu tri.

H& so khach hang 14 thanh phan quan trong dé hé thdng khuyén nghj hiéu va

du dodn s thich, nhu céu tai chinh c4 nhan,

Danh muc san phé'm (Products):

o Bao gf’)m tén san phiam, nhém dich vu (tiét kiém, vay, bao hiém, ngin hang
s6, dau tu, ...), dic diém san phim va nhém muc tiéu khach hing.

o Céc thong tin nay gitip hé thong khuyén nghi x4c dinh san phim phii hop
véi tirng phan khiic khach hang, dong thai hd trg danh gia su phu hop giira
san pham va s& thich ctia ngudi dung.

o Viéc phan loai san phim theo nhém dich vu va dic diém cu thé gitp mé
hinh hoc duoc méi quan hé giita hanh vi khach hang va cic loai san phim.

Lich su giao dich (Transactions):

o Ghi nhan céc twrong tic ctia khach hang véi san pham, bao gbém mi khich
hang, ma san phim, diém dénh gi4 (rating) va thoi gian giao dich.

o Lich sir giao dich phan anh hanh vi thuc té vasd thich ciia khach hang déi
v6i timg san phim, tir d6 cung cap dit liéu huén luyén quan trong cho cic
md hinh collaborative filtering hoac hybrid.

o Thong qua di liéu ndy, hé thdng c6 thé phét hién cdc mau hanh vi, dy doan
xu huéng sir dung san phim, tir 46 cung cap cdc goi y c4 nhan héa.

e Luru trir dir liéu:
Cic tip dir liéu dugc quan ly va luu trir trén hé quan tri co s¢ dir ligu
PostgreSQL, dudi dang cac bang quan hé, cho phép:
o Truy xut linh hoat thong tin khach hang, san phém va lich sir giao dich.
o Thuc hién cic thao tac truy van phuc tap, nhu loc, phan loai, nhdm va danh

gia céc chi s6 thong ké.
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o Dé dang mé réng khi trién khai trén nén tang (ng dung Flask hodc cdc hé
thong backend khac, dam bao kha nang tich hgp vdi cac mo hinh hoc may
va khuyén nghi.

Viéc chuin héa dir liéu thanh ba bang chinh — customers, products va
transactions — tao ra mot cau tric dir liéu chuén, giup hé théng khuyén nghi huan
luyén, danh gia va trién khai mét cich hiéu qua. Pdng thoi, cau tric ndy ciing cho
phép mé rong cic bang bd sung trong twong lai, vi du nhu bang ghi nhan phan héi
clia khach hang, lich st truy cép digital banking (“ngdn hang s6”) hoic théng tin wu
dai, nhim nang cao kha niing c4 nhan héa va do chinh xdc cua h¢ thong.

e Vai tro dir liéu trong hé théng khuyén nghi

Di liéu mé phong khéng chi gitip mé phong céc tinh hudng thuc té trong ngan
hang ma con la nén tang dé huan luyén cac mé hinh khuyén nghi, tir cdc phuong phap
dura trén ndi dung (CBF) dén CF va hybrid; danh gia chit luong cic goi y san pham
bang phirong phép so sanh du doan véi dir liéu mé phong da biét; cai thién trai nghiém
ngudi ding bing céch cung cip goi y san pham phit hop véi dic diém, hanh vi va nhu
ciu thuc té cua tirng nhom khach hang.

Nho vay, viéc xay dung ciling nhu quan ly dir liéu mé phong cé vai trd trung
tam trong viéc phat trién hé thdng khuyén nghi, dim bao tinh kha thi, chinh xdc va
hiéu qua trong bdi canh nghién ciru ma khéng vi pham quyén riéng tu cia khéch hang.
2.3. Phén tich yéu ciu hé théng khuyén nghij

Viéc phan tich va xac dinh yéu ciu hé théng 1a mot budc quan trong trong qua
trinh thiét ké hé théng khuyén nghi, nhim dam bao ring mé hinh phit trién khéng chi
dép ing dugc muyc tiéu cd nhdn hda san phdm cho timg khach hang ma con ¢6 d§
chinh x4c cao, hiéu ning 6n dinh va kha nang tich hop linh hoat vao méi trudng mg
dung ngan hang thuc té. Cic yéu cau hé théng dugc chia thanh hai nhém chinh: yéu
ciu chire ning va yéu cau phi chirc ning.

e Yéu ciu chirc ning:
Yéu ciu chirc ning mé ta cac tinh nang ma hé théng phai thye hién dugc, bao

goém:
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Quan ly théng tin khich hang

Hé thong cho phép ngudi dung nhép théng tin cua khach hang mdi, bao gom
cac thude tinh nhin khau hoc, myc tiéu tai chinh, kha ning chép nhéan i ro, hodc lya
chon khéch hing da cé dit liéu trong co s dir liéu. Viéc nay gitp hé thong c6 thé xay
dung hd so khach hang day dii va ca nhan héa, 1am co s& cho qua trinh sinh ggi y sin
pham.

Sinh goi y sin phim c4 nhén héa

Dua trén ho so khach hang va lich sir giao dich, hé¢ thong tu dong dé xuat danh
sich cdc san pham pht hgp. Cic 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 y nay nhdm tdi uvu héa kha ning khach hang chon
dugce san phém phu hop vé6i nhu cau thuc té, tir 46 nang cao trdi nghiém va su hai
long.

Giii thich Iy do goi y

Hé théng cin cung cap théng tin minh bach vé ly do dé xuat san phim, vi du
“San phim pht hop véi muc tiéu tiét kiém cua khach hang” hodc “San phim dugc
nhiéu khach hing cling phén khiic sir dung”. Tinh nang nay gitip ting d§ tin cdy cua
khéach hang vao hé thong, ddng thoi hé trg qua trinh ra quyét dinh tai chinh cta ngudi
dung.

e Yéu céu phi chirc ning:

Yéu céu phi chirc ning tap trung vao céc tiéu chi chat lugng va hiéu ning cia
hé théng, bao gom:

D¢ chinh xic

Hé thong can dam bao ring cac goi y dua ra cé do tin cay cao, duge dénh gid
qua céc chi s6 hoc may tiéu chuin nhu Precision@K, NDCG, MAE, RMSE. B§ chinh
x4c cao khdng chi nang cao hiéu qua khuyén nghj ma con ting kha ning tin tudng va
hai long cua khach hang.

Hiéu ning va kha ning phan hoi
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Hé th(fmg can khai thac va xir ly dir li¢u, sinh ggi y nhanh chéng, dam bao kha
niing xir ly trirc tuyén (real — time). Diéu nay dic biét quan trong khi trién khai trong
méi trrdng s6, noi khach hang ky vong trai nghiém mugt ma va phan hdi tirc thi.

Kha ning mé rdng va tich hgp

Hé thong phai dé dang tich hgp vdi cac (mg dung ngan hang hién cé nhu
Internet Banking va Mobile Banking, ddng thai cho phép mé rong khi thém khach
hang, san pham hoic kénh giao dich méi.

Trai nghiém ngudi dingGiao dién cin thén thién, truc quan, dé thao tic va
hién thi rd rang cdc goi y cung ly do kém theo. Mt giao dién hiéu qua giip khach
hang nhan biét gid tri cua goi y, tir d6 nang cao sy twong tac va muc do hai long vai
dich vu ngan hang.

Viéc xac dinh ro6 pham vi va tiéu chi danh gia hé théng khuyén nghi cé y nghia
quan trong trong ca khia canh nghiép vu va ky thuat. Vé nghiép vu, dam bao hé théng
cung cip cac goi y phit hop véi muc tiéu tai chinh va nhu cau c4 nhan cua khach hang,
tir 6 t6i wu hiéu qua kinh doanh va nang cao chit lugng dich vu. Vé ky thuat, hé
théng cin dam bao do chinh xac, hiéu ning va kha nang mé rong, dong thai dé tich
hop véi céc nén tang ngan hang s6 hién c6. Nho viéc phén tich yéu cau mét cach chi
tiét va toan dién, qué trinh thiét ké, phét trién va trién khai hé thong khuyén nghj ¢6
thé dién ra sudn sé, giam thiéu rii ro ky thuét va ting kha nang ddp (mg yéu cau va
ky vong cua khach hang.

2.4. Thiét ké kién tric hé théng khuyén nghi

Kién tric hé théng dugc xdy dyng theo md hinh bén 16p nhim dam bao tinh
module, d& m& rong va thuén lgi cho viéc bdo tri trong qua trinh van hanh. Modi lop
dam nhan mat vai tro riéng trong chudi xir ly dir liéu va sinh goi y.

C#c thanh phin chinh:

e Giao dién nguoi dung (User Interface):
Lép nay cung cip méi trudng twong tic truc tiép vai ngudi sir dung. Giao dién

duoc trién khai bang Flask, cho phép nhap théng tin khich hang hogc truy xudt ho so
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c6 sdn trong co s& dir li¢u. Sau khi hé théng tao ggi ¥, két qua duge trinh bay tryuc
quan trén trinh duyét, kém theo giai thich ng?m gon vé co s cua timg dé xuit.
e B¢ xirly dir ligu (Data Processor):
Lép xir Iy dir liéu chju trach nhiém chuan héa dir liéu dau vao nhim dam bao
tinh nhat quan trude khi dua vao mé hinh. Cic chirc nang chinh bao gom:

o Lam sach dir liéu (xir Iy gia tri thiéu, dinh dang khéng hop 1¢)

o Chuin héa va mi héa thugc tinh dang s6 va dang phan loai

o Xay dung cac biéu dién vector phii hgp cho timg thuit todn.

L6p nay dong thoi xir 1y truy xuat dir liéu tir PostgreSQL, chuan héa dir liéu
dé phi hop véi cac mé hinh khuyén nghi.

e BG khuyén nghi (Recommendation Engine):

B may khuyén nghi 14 thanh phan trung tim cta hé théng, tich hgp ba phuong
phép tiép can:

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

trén dic didm hd so khach hang va thudc tinh san pham.

o Content — based Filtering: sur dung TF — IDF va d¢ tuong ddng cosine

dé danh gia mirc phii hop giita mo ta san phidm va dic tnumg ngudi dung.

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

ddng giira cic khach hang dé dy dodn mirc d6 quan tam.

Pé nang cao chat lugng dy dodn, hé théng sir dung co ché Hybrid, két hop
c6 trong s6 két qua tir ca ba phuong phap. Viéc tong hop da mé hinh gilip tin
dung wu diém ciia timg k¥ thuat, ddng thdi gidm thiéu cac han ché nhu dit ligu
thua hodc phu thudc ndi dung.

e Kho tri thuc va co sc dir liéu (Knowledge Base):

Lép nay luu trir toan b théng tin cbt 16i cia hé thdng, bao gom hd so khach
hang, danh muc san pham, thuge tinh nghiép vy, lich sir twong tic va dir liéu phan
héi. Kho tri thirc déng vai trd hd trg truy van nhanh va phuc vy cho qua trinh cdp
nhit, huan luyén hodc tai du doan trong nhimng phién lam viéc tiép theo.

Ludng hoat dong:
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Luéng hoat déng téng quat
1. Ngudi diing nhap théng tin hodc ma khich hang

I

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

I

3. Bamd hinh danh gia & tao diém cho ting sdn
phém

!
4. B9 khuyén nghi lai téng hgp & chon két qua t6i uu

!

5. Giao dién hién thj ggi y va ly do kéem theo

Hinh 2.1: Ludng hoat djng tong quat ciia hé khuyén nghi
2.5. Phuong phap wdéc lugng va duw dodn

Dua trén cdc khai niém va mé hinh ly thuyét da trinh bay & Chuong 1, phin
nay mo ta chi tiét cach trién khai phuong phap udc lwrong va dy doan trong hé théng
khuyén nghi dich vu ngan hang, nhim dam bao dé chinh xac, kha ning c4 nhin hoéa
va tinh minh bach cua két qua goi y. Hé théng dugc thiét ké két hop nhiéu ky thuat,
khai thac ca tri thirc chuyén gia, dic diém san phém va hanh vi khach hang.

2.5.1. Phwong phip dua trén luiat (Rule — based System)

Hé théng dua trén lujt (Rule - based System) md phong quy trinh tu van truyén
thdng clia chuyén vién ngan hang thong qua cdc luét IF — THEN, dugc xay dyng dya
trén tri thirc chuyén gia va dic diém hd so khach hang. Ching han, “Néu khach hang
6 muc tiéu tiét kiém va thu nhap dudi 10 triéu dong thi goi y géi tiét kiém co ban”.
Uu diém cia phuong phép nay Ia tinh minh bach, dé giai thich va dim bao tudn thu
quy dinh ndi bg. Trong hé thdng, céc ludt dugc trién khai dudi dang bang diéu kién
va hanh dong, cho phép cédp nhat linh hoat khi chinh sach hoic san phim thay déi.
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2.5.2. Phuong phap loc theo ni dung (Content — based Filtering).

Phuong phap loc theo ngi dung (CBF) tap trung vao viéc so sanh dic trung
cta san phim vdi hd so khach hang. Cic dic tnmg dugc biéu dién dudi dang vector
TF — IDF, va mirc d§ phi hop dugc tinh toan bing cosine similarity. Cach tiép cin
ndy gitp dé xuit cdc sin phim twong tu véi nhimg san pham ma khach hang di quan
tim hodc sir dung, dac biét hiru ich d6i véi ngudi ding mdi, khi hé thong chua 6 dir
liéu cong tac tir nhitng ngudi ding khac. Két qua du doan duge chuan héa vé thang
danh gia 1 - 5, thun tién cho viéc két hgp vdi céc phuong phép khac trong mé hinh
lai.

2.5.3. Phuong phap lgc cdng tac (Collaborative Filtering)

Phuong phép nay khai thac hanh vi trong tac cia nhém khach hang dé du doan
s thich ca nhan. Hé thong xdy dung ma trin ngudi ding — sin phim va két hop user
— based CF vdi item — based CF nhim tin dung wru diém ciia ca hai huéng tiép can.
CF giup khai théc tri thirc tir cdng ddng ngudi ding, mé rong pham vi goi y vugt ra
ngoai lich sir sir dung riéng 1€ va phat hién céc san phim tiém ning dua trén théi quen
chung. Piém du don cudi cling ciing dugc chuan héa vé thang diém 1 — 5 dé dam
bao kha nang so sanh khi tich hop véi cac mé hinh khac.

2.5.4. M6 hinh lai (Hybrid Recommendation Model)

M6 hinh lai dugc xay dung nhim tan dung uu diém cua timg phuong phép bao
gom Collaborative Filtering, Content — based Filtering va Rule — based. Cich tiép cdn
nay gidp khic phuc han ché cold — start & khach hang méi, khi ho chwa c6 lich sir
giao dich, déng thoi tang tinh n dinh va d§ tin cdy cua két qua goi y.

Trong hé théng trién khai, md hinh lai dugc thiét ké theo huéng Adaptive
Hybrid, tirc trong s6 cta céc thanh phan khéng cé dinh ma dugc diéu chinh dya trén
mirc d6 hoat déng cua khach hang. Vi ngudi ding méi, hé théng wu tién Content —
based va Rule — based dé dim bao goi y van chinh xdc dit khong c6 thong tin dit liu
lich str cia khach hang. Khi khach hang c6 nhiéu giao dich hon, trong s6 cia
Collaborative Filtering dugc ting dn dé khai thac hanh vi cdng tic cia nhém ngudi

dung twong tw. Diém du dodn cudi cing duge tinh bing tdng hop ¢ trong sd cia ba
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md hinh va dugc chuan héa vé thang diém 1 - 5, bao dam tinh nhat quén va kha ning
so sanh giira cac san pham.

Su két hgp linh hoat ctia cac phuong phap trén cho phép hé théng dap (mg da
dang nhu cau khach hang, tir ngudi ding méi dén nhitng ngudi ding sé hiru lich sir
giao dich phong pht, dong thai cin bing giira dd chinh xdc va kha ning giai thich.
Nhé co ché adaptive weighting, md hinh c6 thé cai thién hiéu qua theo thai gian, toi
wu héa kha ning c4 nhan héa va dam bao céc ggi ¥ phtt hgp vdi ddc diém tai chinh,
muc tiéu va hanh vi cia tirng khach hang, dc"ing thdi tuan thu cac quy dinh nghiép vu
ngan hang va bao vé thong tin khach hang.

2.6. Két luan chwong 2

Chuong 2 di xay dung nén tang ly thuyét va ky thuit cho hé thong khuyén
nghi dich vu ngén hang thdng qua viéc phén tich ngudi diing, mé ti nguén dir liéu,
xdc dinh yéu cdu hé théng va thiét ké mé hinh kién tric tfmg thé. Trudc hét, viéc phan
tich dic diém va hanh vi cia timg nhém khéch hang gitip dinh hinh rd nhu cau tai
chinh, 1am nén ting cho viéc ca nhan héa goi y. B dir liéu mé phong dugc thiét ké
day du va chat ché, phan anh mdi quan hé giira khach hang — san pham — lich sir giao
dich, tao tién dé cho viéc huin luyén va danh gia mé hinh.

Céc yéu ciu chirc ning va phi chirc ning duge xdc dinh cu thé, dim bao hé
théng khéng chi dép g muc tiéu nghiép vu ma con phu hgp voikha nang trién khai
thyc té trong méi truong ngan hang s6. Kién triic hé théng dugce thiét ké theo hudng
module hda, tich biét rd rang cac 1dp xir ly di liéu, mé hinh du doan va giao dién
nguoi dung, gitp dim bao kha ning bao tri, mé réng va tich hop.

Bon phuong phap goi y (RB, CBF, CF, Hybrid) dugc lya chon va phén tich
dua trén uu nhugc diém riéng, tao thanh mét khung k§ thuit toan dién dé téi wu do
chinh x4c, kha nang thich img va mirc d¢ giai thich cua hé lhéng. DPic biét, md hinh
Hybrid cho thay s phii hop cao trong bdi canh bai toan, nhd kha ning dung hoa giira

dir liéu hd so va hanh vi cong téc.
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Tong thé, Chuong 2 da hinh thinh mét thiét k& hoan chinh va ¢6 dinh huéng
rd rang, tao nén tang virng chic cho viéc trién khai thuc nghiém, danh gida m6 hinh va

xay dung giao di¢n img dung dugc trinh bay trong Chuong 3.
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CHUONG 3: XAY DUNG UNG DUNG

Chuong nay trinh bay qua trinh hi¢n thyc héa mé hinh khuyén nghj dich vy
ngén hang da dugc thiét ké & Chuong 2. Céc ndi dung bao gém lya chon cong nghé,
xdy dyng dit liéu thir nghiém, hudn luyén mé hinh, phét trién giao di¢n img dung bing
Flask, va danh gid hi¢u qua cua h¢ théng.
3.1. Nén tang va cong cu trién khai

H¢ thong khuyén nghi duge trién khai trén nén tang Python 3.11, mét ngon
ngir duge sir dung rong rdi trong xir ly dir liéu va mé hinh héa hoc mdy. Python s
hiru hé sinh thai thu vién phong phu, hd trg manh cho céc tac vy tién xur ly dir ligu,
xay dung mo hinh, danh gia va trién khai hé théng, dic biét phii hgp véi cac img dung
khuyén nghi trong Iinh vurc tai chinh — ngén hang.
3.1.1. Cac cong nghé va thu vién sir dung

Bang dudi day cung cép cai nhin tc;mg quan vé cac cong cuy, thu vién va muc
dich sir dung trong qué trinh xdy dung hé thong:

Bang 3.1: Cac cong nghé va thu vién sir dung

Nhom cong cu Cong cu / Thar vién Muc dich sir dung
Trién khai toan b mé hinh
Ngon ngir 1ap trinh Python 3.11 _
va pipeline xir ly
Xay d API Backend va
Web framework Flask S
giao dién web don gian
uan ly dir liéu khédch hang,
Co sé dir li¢u PostgreSQL @ y Y 8
san pham va lich sir giao dich
Xir Iy va phén tich Tién xtr 1y, chuan héa di liéu
o Pandas, NumPy
dir li¢u va xdy dung bang dic trung
ot Tinh TF - IDF, cosine
M4 hinh hgc may Scikit-learn
similarity, danh gia md hinh
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Pandas, NumPy, Scikit-

Tinh toan diém dy doan dya

Loc cfng tic trén ma trin ngudi ding — san
learn X
pham
Precision@K, NDCG, | Do ludng chat lugng du doan
Danh gid mo hinh . : s
MAE, RMSE va mic do phu hgp goi y

Giao dién va trinh

HTML, CSS, Bootstrap
bay

Hién thi danh sach goi y va
giao dién nhap théng tin
khach hang

3.1.2. Co sé lrra chon cong nghé

Cic cong nghé dugc lua chon dua trén céc ti€u chi:

e Tinh 6n dinh va tin cdy: Python va PostgreSQL déu dugc sir dung réng rai

trong hé théng san xuat ctia nhiéu té chirc tai chinh.

e Kha ning ho trg phan tich dit liéu manh mé: Bo thu vién Pandas, NumPy,

scikit — learn 14 tiéu chuan trong linh vuc xir 1y dit liéu, mé hinh dy doan.

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

thuan tién trong két ndi dén cac hé théng ngan hang sin c6 hoic img dung

web.

e Tinh m& rong ciia mé hinh: Nén tang Python cung cap kha ning linh hoat cho

viéc tich hop nhiéu thuét toan khuyén nghj khéc nhau, bao gém RB, CBF, CF

va hybrid.

Viéc lya chon cong nghé trén nhim phat trién mot hé khuyén nghi véi kién

tric nhe, d& trién khai, tich hop thuan tién vao méi trrong ngan hing s, dong thai

dam bao hiéu nang, kha ning m& rdng cho cdc thudt toan khuyén nghi.

3.2. XAy dung tap dir liéu miu

Trong thuc té, dir liéu giao dich va hanh vi khach hang trong linh vyc ngén

hang rit khé tiép can do céc yéu cdu nghiém ngit vé bdo mat thong tin va quyén riéng

tr, Vi vay, trong pham vi dé 4n, hé thong khuyén nghj dugc xdy dyng va danh gia

dya trén mat tap dir ligu mé phong (synthetic dataset) thay cho dit li¢u khach hang

thye.
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Tap dir liéu nay khong duge sinh ngiu nhién thuan tiy, ma duge thiét ké va
tao 1ap dya trén cdc quy ludt nghiép vu ngin hang bén 1é, két hgp vdi cdc phan bd xdc
suit c6 kiém soat nham phan anh hgp 1y hanh vi va nhu cau ctia khach hang c4 nhan.
Nh& d6, dit liéu van dam bao tinh thyc té, tinh da dang va tinh nhat quan logic giira
céc thyc thé trong hé thong.

Bo dit liéu gom ba thanh phan chinh: hd so khach hang (Customers), danh muc
san pham ngan hang (Products) va lich sir giao dich — danh gid (Transactions). Ba
thanh phe"ln nay dugc lién két chat ché, thé hién méi quan hé nhiéu — nhiéu gitta khéch
hang va san phim, dong thdi cung cap day di thong tin dau vao cho cic mé hinh
khuyén nghi dugc trién khai trong dé 4n, bao gdm Rule — based, Content — based
Filtering va Collaborative Filtering.

So db téng quan cdu tric dir liéu duge mé ti & hinh dudi, thé hién ba bang

chinh cing mdi quan hé giira chiing.
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Hinh 3.1: So' dd quan h¢ giira cdc bing trong tdp dir liu mé phéng
3.2.1. Ho so khach hang (Customers)
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Tép dir liéu khach hang gdm 1000 hé so, mdi hd so dai dién cho mét khach
hang ¢4 nhan duge mé phong. Cac thugce tinh ciia khach hang dugc sinh theo co ché
ngau nhién cé kiém sodt, trong d6 viéc sinh dir liéu khong ddc 1dp hoan toan ma chju
su chi phdi bai phan khic khéch hang (segment) va muc tiéu tai chinh (goal). Cich
tiép cin nay nham dam bao dir liéu phan 4nh hop ly hanh vi ngudi ding va céc dic
trung nghiép vu phd bién trong ngan hang ban 1é.

Céc trudmg théng tin chinh trong bang Customers bao gom:

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

e goal: myc tiéu tai chinh chinh cua khach hang, bao gdm cac nhém nhr m tai
khoan, tiét kiém, vay, thanh toan, ngan hang sé, thé tin dung, bao hiém va dau
t. Muc tiéu dugc gan theo phan b xac sut nhim mé phong nhu cau thyc té
cua khach hang ca nhan.

o segment: phan khic khich hang, gdm student, low_income, employee,
business, vip, retired. Méi phan khic twong {tng véi nhiing ddc diém dién hinh
vé do tudi, thu nhap va hanh vi sir dung dich vu.

e Age: d6 tudi ciia khich hang, dugc sinh trong khoang gid tri phit hop vdi timg
phén khiic (vi du: student tir 18-25, retired tir 65 tudi,...)

e Income: thu nhép trung binh hang thang, gan theo mirc dic trung cua timg
segment, phan dnh sy chénh léch thu nhép giira cdc nhém khach hang.

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

o Digital_user: bién nhj phan thé hién khach hang c6 sir dung dich vu ngdn hang
s6 hay khong, vdi ty 1¢ khoang 70% la ngudi ding dich vu sé.

o Prefer_mobile: mirc d6 uu tién sir dung kénh mobile, chi dp dung cho nhém
digital _user.

o Location: dja diém sinh sdng cta khach hang, dugc chon ngéu nhién tir danh
sach cdc tinh, thanh phd nham ting tinh da dang dja ly.

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

entrepreneur),
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Di liéu khach hang khong chi dugc sinh ngau nhién ma con tudn theo cac quy
luat nghiép vu cé diéu kién. Cu thé, d tudi va thu nhap dugc xé4c dinh dya trén phan
khiic khach hang, gitp tranh cac truong hgp phi thuc té nhur khach hang sinh vién ¢6
thu nhép rat cao hoic khach hang da nghi huu cé d tubi qua thip. Bén canh dé, cic
bién hanh vi sé nhu digital_user va prefer_mobile dugc gan véi xac suit cao hon déi
v6i nhém khach hang tré, phan anh xu huéng sir dung kénh s6 ngay cing phé bién
trong thyc té.

Ngoai ra, muc tiéu tai chinh (goal) ciia khach hang c6 méi lién hé chat ché véi
phan khiic va mirc thu nhap. Nhém khach hang thu nhap thap hoic sinh vién thuong
uu tién cdc san pham tiét kiém, thanh toan co ban hoic ngan hang s, trong khi cic
phéan khic c6 thu nhdp cao hon nhu business hodc vip ¢6 xu huéng quan tim nhiéu
hon dén c4c san phim ddu tu, bao hiém hoic tin dung. Céch sinh di liéu nay gidp tap
Customers duy tri dugc tinh nhét quén logic, ddng thoi tao nén tang phit hop cho viée
trién khai cac mé hinh khuyén nghi trong céc phan tiép theo.

3.2.2. Danh muc sin phiam ngin hang (Products)

Tap dir liéu san phém dugc xay dung nhim mé phong danh muc dich vy da
dang ma ngin hang cung cip, bao gdm céc nhém chinh nhu tai liéu thanh todn, tiét
kiém, tin dung, bao hiém va ngan hang s4. Cac truong dit lidu duge thiét ké dé phan
anh day du dic tinh nghiép vu ciing nhu phuc vu cho cdc mé hinh khuyén nghi khac
nhau (RB, CBF, CF):

Bang Products bao gom cdc truong:

e Product_id, product_name, product_type, category code

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

e Target segment: nhom khach hang dugc san phdm hudng téi.

e Term_min, term_max: thai han tdi thiéu, t8i da dp dung cho géi san pham.

e Income min, income_max: khoang thu nhap yéu cau doi véi khach hang.

o Interest_rate, fee: céc thong sd tai chinh bao gdm I3i sudt va mic phi sir dung.
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o Rating: diém dénh gia sin phiam (thang 1 — 5) do hé thdng mé phong dya trén
mire d§ phu hgp.

¢ Digital_support: kha ning hé trg giao dich qua kénh sé.

o Features, suitable_for, description: tdp thugc tinh, nhém khach hang phu hop
va mé ta chi tiét san pham; cdc trudng ndy phuc vy truc tiép cho md hinh
Content — Based Filtering.

e Risk level: mirc d¢ rii ro cua san phém, dic biét relevant ddi vdi san phfim
tin dung hodc dau tu.

e Collateral required: yéu cu tii san dim béo (néu c6)

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 dya trén quy luat nghiép vu: vi du, cic san phém tin dung
¢6 mic riii ro cao hon va yéu clu tai sin dam béo, trong khi cic sin pham ngén hang
sb luén ho trg kénh digital. Cic trudng dinh lugng nhur interest_rate, fee, popularity
dugc md phéng theo phan phéi hop 1y theo timg loai san pham; con cc trrong mé ta
duoc tao theo miu dé dam béo tinh théng nhét va hé trg hiéu qua cho viéc tinh toin
TF — IDF trong mé hinh Content — Based Filtering.

3.2.3. Lich sir giao dich (Transactions)

Tap dit liéu Transactions dugc xdy dung nhim mé phong lich sir twong téc
gitta khach hang va cac san phim ngén hang. Day 1 thanh phén quan trong nhit déi
véi mb hinh Collaborative Filtering, boi nd phan anh tryc tiép mbi quan hé giira khich
hang va san pham dudi dang cac cip (user, item) kém theo tin hiéu ddnh gia. Tir do,
hé théng cé thé xay dung ma tran ngudi ding — sin phdm (user — item matrix) phuc
vu cho viéc hoc va du dodn sé thich.

Mbi ban ghi trong bang Transactions dai dién cho mdt san phfim khach hang
di sir dung hoiic c6 twong tic. Céc trudng dif lidu bao gom:

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

Products, thé hién mdi quan hé giira khach hang va sin phim.
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e Amount: gia trj giao dich hodc han mirc sir dung san pham; gi4 trj dugc tao
ngiu nhién trong khoang hop 1y tiy theo loai san pham, phan 4nh d$ da dang
trong muc d¢ sir dung.

e Channel: kénh giao dich ma khach hing sir dung (quiy giao dich, Internet
Banking, Mobile Banking, ...), dit liéu dugc Iya chon dya trén danh sich kénh
ma timg san pham hd trg, dim bao tinh hgp 1€ nghiép vu.

e Frequency: tan suit sir dung sin phim (hang thing, hang nam, ...), md phong
hanh vi tiéu ding thyc té va mirc d$ gén bé ciia khich hang.

e Rating: diém danh gia mirc 46 hai long hoic mirc d¢ phi hop cia san phim
d6i v6i khéach hang, duge chudn héa trong thang diém tir 1 dén 5.

Co ché sinh dir liéu giao dich

Dir liéu giao dich khong dugc sinh ngau nhién thuan tiy ma dugc xdy dung
dua trén ba co ché chinh, nhim dam bao vira phan anh hanh vi thyc té vira dép img
yéu cau huan luyén mé hinh Collaborative Filtering.

(1) Gan san phém theo muc tiéu tai chinh

MGi khach hang dugc gan mét nhom san pham chinh phi hop véi muc tiéu tai
chinh (goal) ctia ho. Cu thé, mdi khach hang c6 thé dugc gin tir 3 dén 6 san phim
thugc cling nhém nhu ciu nay. Céch tiép can nay phan 4nh thuc té nay khich hang
thudng tap trung sir dung céc sin phim xoay quanh nhu cau cbt 161, vi du khdch hang
6 muc tiéu “tiét kiém” s& wu tién cdc géi tiét kiém khdc nhau.

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

Bén canh san phdm chinh, hé théng 4p dung mét tép quy tic ban chéo (cross
— sell map) dugc xay dung dya trén chién lugce kinh doanh phd bién clia ngan hing
ban 1é.

Vi du: khach hang sir dung san pham tiét kiém c6 xu hudéng sir dung thém ngan
hang sé_ hodc thé tin dung, khach hang quan tim dén vay von thuong phét sinh nhu
chu bao hiém hoic mé tai khoan thanh toan.

Co ché nay gitp dir liéu thé hién dugc hién tugng ban chéo mét cach ty nhién,

ddng thdi tao ra méi lién hé giita cic nhoém san pham khéc nhau.
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(3) Bé sung giao dich @é dam bao mdt dé ma trin

Pé dam bao ma trin ngudi ding — san pham khéong qua thua, hé thong sé sinh
bé sung cic giao dich ngiu nhién c6 kiém soat cho cdc cip khéch hang — sin phim
chura timg tuong tac. Viéc bd sung nay gitip ting sb lrgng giao dich 1én khoang 20000
ban ghi, dam bao dit liéu phong pht d&é mé hinh Collaborative Filtering hoc dugc cic
mau hanh vi c6 y nghia.

Sinh diém danh gia (Rating)

Diém danh gi4 rating khéng dugc sinh ngiu nhién hoan toan, ma dwgc xac
dinh dya trén mirc do phi hop giira hd so khach hang va dic tinh cia san pham. Mic
d¢ phu hop nay dugc tinh toan dyra trén cac yéu td nhur: sy tring khép vé muc tiéu tai
chinh (goal), su phit hop vdi phan khic khach hang (segment), thu nhap cua khach
hang nim trong khoang yéu ciu ciia san pham, kha ning hé trg kénh s0 d6i vai khach
hang sir dung dich vu s0.

Tir diém phu hop nay, hé thong anh xa sang mot gia tri rating co s&, sau d6
cong thém nhidu ngiu nhién nho, nham phan 4nh sy khéc biét trong cdm nhan chi
quan cua nguoi dung va tranh viéc dir liéu tré nén qua ly twéng. Rating cudi ciing
dugc gidi han trong khoang tir 1 dén 5 va déng vai tro 14 tin hiéu déu vao chinh cho
mo hinh Collaborative Filtering.

Vai tro ciia tip dir liéu Transactions

Nho cac co ché sinh dir liéu trén, tip Transactions thé hién dugc nhiéu dic
diém gin véi dit liéu thyc té: khach hang c6 thé tuong téc v6i nhiéu nhom sin pham
khac nhau, xuat hién hanh vi ban chéo va mic d9 dénh gia da dang. Ma trin ngudi
dung — san phz‘im c6 mat do cao hon so vdi dir ligu thye, giip m6 hinh Collaborative
Filtering hoat dong hiéu qua ngay ca vdi quy mo dir li¢u vira phai.

Tap dir liéu Transactions giir vai tro trung tdm trong dé 4n: cung cép tin hiéu
danh gia cho md hinh Collaborative Filtering, hé trg két hop véi dir liéu ndi dung
trong mo hinh Hybrid, va cho phép danh gid hi¢u qua hé théng khuyén nghj théng
qua cdc chi sé Precision@5, NDCG@5, MAE va RMSE. Qua d6, dit liéu tr&r thanh
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cu ndi gitra hanh vi ngudi diing mé phong va kha ning hoc ciia cdc mé hinh khuyén
nghj dugc trién khai.
3.3. Xirly va huén luyén dir liéu
Qua trinh huan luyén duge thuc hién qua bén budc chinh:
3.3.1. Tién xir ly dir ligu

Trudce khi dua dit liéu vao huin luyén cac mé hinh khuyén nghi, dit li¢u tir ba
bang Customers, Products va Transactions durgc tién hanh tién xir Iy nham dam béo
tinh nhat quan, giam nhiéu va phi hop vdi yéu cau cita cdc mé hinh Rule — based,
Content — based va Collaborative Filtering.

Chuin héa dir lidu vin bin

Cic truomg dit liéu dang van ban c6 lién quan dén viéc khép quy tic va mé ta
ndi dung san phim bao gom goal, segment (trong bing Customers), goal,
target segment, product name (trong bang Products) duoc chuin héa biang cich
chuyén toan b vé chit thudng nhim trénh sai Iéch do khéc biét kiéu chir, loai bo
khoang tring thira va cic gia tri khong hop 1€, thay thé céc gia tri thiéu bang chudi
rdng dé dam béo qué trinh xir ly khéng bi gidn doan.

Buéc chuin héa nay gitip ting dé chinh xac khi so khop luat trong hé thong
rule — based va khi xdy dung dic trung ndi dung cho mé hinh content — based filtering.

Chuin héa dir liéu dinh danh va danh gia

Cic treong dinh danh customer_id va product_id trong ¢ ba bang dugc ép
kiéu théng nhét nhim dam bao kha ning lién két dir liéu gi¥a cdc bang.

Truong rating trong bang Transactions dugc ép kiéu s6, xir ly cdc gid tri 161 va
dugc gidi han trong mién [1, 5], phu hgp véi thang do dénh gid mirc d§ hai long cua
khach hang d6i véi san pham, i

Xdy dyng ma trin ngudi dung — sin phim (User — Item Matrix)

Tir tép dir liéu Transactions sau tién xir ly, hé thong xdy dyng ma trin ngudi
ding — san phz‘im (user — item matrix) dé phuc vu cho mé hinh Collaborative Filtering.

Cu thé, mdi phz}in tir trong ma tran biéu dién diém danh gia trung binh cia mét

khéch hang déi véi mot san phim. Trong truong hop mot khach hang cso nhiéu giao
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dich véi cing mét san phim, gié trj rating dugc tong hgp bing cich lay trung binh
cac lan danh gia.

Qua trinh xdy dyng ma trin dugc thyc hién theo cac budc:

(1) Nhém dir liéu giao dich theo cap (customer_id, product_id) va tinh rating
trung binh. _

(2) Chuyén d6i dir liéu sang dang ma tran, trong d6 hang dai dién cho khach
hang va cdt dai dién cho sin phém.

(3) Céc cap khach hang — san phim chua timg tuong tic dugc gn gid tri 0, thé
hién chua c6 danh gia.

(4) Loai b cdc khich hang c6 sé lugng twong téc nhé hon 2 nham dam bio
dir liéu du thong tin cho viéc hoc tuong dong trong mo hinh loc cong tic
va han ché nhiéu.

Céch tiép cén nay gitip giam do thua clia ma trén va cai thién hiéu qua hoc cia

mé hinh Collaborative Filtering trong diéu kién dit liéu mé phéng c6 quy mé

vira phai.
Téch tip huin luyén va tip kiém tra
Sau khi x4y dung ma trdn user — item, dif liéu dugc chia thanh hai tap: tap
hudn luyén (80%) ding dé huan luyén mé hinh, tap kiém tra (20%) ding dé danh gia
hiéu nang dir doan. Viéc tach dir liéu dugc thuc hién theo timg ngudi ding. Vi méi
khach hang, mdt tip con céac sin pham di dugc dénh gia s& dugc chon ngiu nhién
lam tap kiém tra, cdc dénh gid twong (g trong tip huan luyén duge dit vé 0. Céch
chia nay mo phong kich ban thue té, trong do hé théng can du doan mic do phu hgp
ciia c4c san pham ma khach hang chua timg sit dung ho3c chua timg danh gia.
3.3.2. Huén luyén mé hinh khuyén nghi

Hé thdng trién khai ba mé hinh nén tang doc lap: rule — based, content — based
v collaborative filtering. Sau d6, diém sd tir cdc mé hinh dugc két hgp dé tao nén

md hinh lai (hybrid recommender).
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e Mo hinh Rule - based:

M4 hinh rule — based dugc xiy dyng theo tip luat IF — THEN nhdm phan anh
tnre tiép cdc nguyén tic nghiép vu ngan hang. Diém goi y cho ting san phim dugc
tinh dyra trén ba thanh phan:

o Mirc dj phi hgp véi myc tiéu (GoalMatch): So sanh gilra myc tiéu tai chinh
cua khach hang va myc tiéu sin pham dya trén kiém tra twong duong hoic
bao ham.

o Phu hgp phén khic (SegmentMatch): Panh gia sy twong ddng giira phan
khiic khach hang va phan khiic muc tiéu ciia san pham.

o Phu hop thu nhip (IncomeMatch): Kiém tra viéc thu nhap cua khach hang
nim trong khoang yéu cau ciia san pham.

o Phu hop nghé nghiép (OccupationMatch): Xac dinh mirc dé tuwong thich
giita nghé nghiép ciia khach hang va nhém nghé nghiép ma san phim wu
tién hodc hudng tdi.

o Phi hop véi kénh sé (DigitalMatch): Danh gia hanh vi sir dung kénh s6
(mobile/web) ctia khich hing so vdi yéu cau hoic nhém muc tiéu cia sin
pham.

o Piém thuéng (Bonus): Cong diém bd sung khi GoalMatch = 1 va
SegmentMatch = 1, thé hién mitc d6 phit hop manh giita khich hang va
san pham.

Piém sé cudi ciing duoc chudn héa vé thang [1, 5]:

Scoregg =1+ 4 X (Wyom X GoalMatch + Wgeq X SegmentMatch +

Wincome X IncomeMatch + Wyccupation % OccupationMatch + Wgigirar ¥

DigitalMatch + Wpopys X bonus) (3.1)
Mo hinh ndy ddng thoi ghi nhén cdc truong hop khich hang va san phim cé

su khép méi myc tiéu manh dé phuc vu phan tich mé rong.
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¢ Mo hinh Content — based Filtering:

Mb hinh sir dung IF — IDF dé xay dyng khong gian dac trung, biéu dién mo ta
san phim. Dir liéu vin ban két hop tir product_name, description, features, va goal
tao thanh kho tir virng cho toan b hé san phém.

Céc budec chinh:

o Huén luyén bé bién déi TF — IDF dé tao ma trdn biéu dién dic trung cho

san pham.

o Moi khach hang dugc 4nh xa thanh mdt vector h6 so dua trén théng tin

goal, segment va occupation.

o Do twong dong cosine giita khach hang va timg san pham dugc tinh todn.

o Diém s cubi ciing dugc tong hop tir bdn thanh phan:

Scorecy = 0.4 X Similarityrgpr + 0.3 X GoalMath + 0.2 X
SegmentMatch + 0.1 X NumbericFit (3.2)

Trong dé NumericFit phan anh mic twong déng dinh lugng giita mirc xép

hang sin phim va thu nhap da chuan héa ciia khach hang.

Piém sé dugc chuin hoa vé thang [1, 5] d& dam béo tinh nhit quén véi cdc md
hinh khac.

e Mo hinh Collaborative Filtering:

Trong d& 4n, mé hinh Collaborative Filtering (CF) dugc trién khai nhim khai
théc thong tin tir hanh vi va dénh gia cia khach hang ddi véi céc san phim ngén hang.
Do dic thu dir liéu mé phong c6 quy mé vira phai va ma trn ngudi dung — san phim
vin tdn tai d6 thua nhét dinh, d& 4n dp dung hai bién thé phd bién cua CF, bao gom
Item — based Collaborative Filtering va User — based Collaborative Filtering, sau d6
két hop két qua cia hai m6 hinh dé ting d¢ 6n dinh va d§ chinh xéc cia dy doan.

o Item - based CF:

O bién thé item — based CF, trong tdm 13 do ludng mirc dd twong ddng gita
cac san pham dya trén hanh vi ddnh gid cia ngudi ding. Ma tran ngudi
ding - san phim dugc chuan héa theo ngudi ding bing cach trir di gid tri

danh gia trung binh ctia mdi khach hang. Budc chuin héa nay nhim loai
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bo thién I¢ch cd nhén trong théi quen danh gia (vi dy: ¢ khach hang thuong
danh gid cao hon mit bing chung).

Diém dir doan clia mot khich hang déi véi mét sin pham duge tinh dua
trén tong c trong s gitta mirc dd twong ddng clia sin pham d6 vdi cic sin
phim ma khach hang di timg danh gia va diém danh gia twong (ing ctia
khach hang cho cac san phim nay.

Cich tiép can item — based gitip mé hinh hoat dong n dinh ngay ca khi s6
lugng ngudi dung 16m va cé kha nang khai thac tot moi quan hé ngim giira
cac san pham ngén hang.

User — based CF:

Vi bién thé User — based CF, mé hinh tap trung vio viéc tim kiém cdc
nguodi diing ¢ hanh vi twong tr nhau. Cu thé, do twong déng giira cic
khach hang dugc tinh toan bing cosine similarity dua trén vector dénh gia
san pham clia timg ngudi ding. D6i véi mbi khach hang, hé thong lwa chon
mat tap cic ngudi dung turong tu nhit (nearest neighbors).

Piém du doan cho mdt san phim dugc tinh bang trung binh c6 trong s6
cia cac diém déanh gia tir nhimg ngudi ding tuong tu, trong do trong s 1a
mirc d¢ twong dong gitra cic ngudi dung.

User — based CF cho phép khai thac xu hudng va s& thich chung cua cac
nhém khéch hang, dic biét hiru ich trong viéc phat hién cdc hanh vi tiéu
dung twong ddng chua dugc thé hién rd & cip d6 san phim.

Két hop hai bién thé CF:

Nhim tin dung wu diém va han ché nhugc diém cua timg bién thé, diém
du dodn cudi ciing ciia mé hinh Collaborative Filtering dugc tinh bing cich
két hop tuyén tinh giira Item — based CF va user — based CF:

Scorecr = 0.6 X Scorejemer + 0.4 X Scoreysercr (3.3)
Trong d6, trong s6 0.6 — 0.4 dugc xdc dinh théng qua thue nghiém trén tap
dir liéu mé phéng. Két qua thir nghiém cho thiy Item — based CF cho d6

dn dinh cao hon trong bdi canh dit liéu c6 sb lwong ngudi ding va sin
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pham trung binh, trong khi User — based CF b sung thong tin vé xu hudng
hanh vi gita cdc nhém khdch hang. Do d6, Item — based CF dugc vu tién
trong s6 cao hon.
Diém du doan dugc cit ngudng trong mién [1,5] nhim bao dam phii hgp
vdi thang do danh gia ban dau va thugn tién cho viéc so sanh, xép hang san
pham trong giai doan khuyén nghij.
e MO0 hinh hybrid
Mb hinh lai két hop wu diém cia ca ba phuong phép. Trong s6 dugc diéu chinh
theo mirc d¢ hoat dong ciia timg khach hang (s lugng san phim di twong tic):

o Khich hang it twong téc = uu tién Rule — based va Content — based.

o Khiéch hang trung binh = CF dugc ting trong s0.

o Khach hang hoat dong manh = CF dugc wu tién cao nhét do di liéu di

thong tin.
Mo hinh lai thu dugc:
ScoreHybn-d =Wer X CF + Weg X CB + Wgpp X RB (3.4)

Piém goi ¥ cudi cung duge cit ngudng vé [1, 5] va ding cho giai doan danh
gia.

Co s¢ xac dinh trong s0 trong mo hinh lai

Trong mo hinh lai, céc trong ) dugc xac dinh dya trén két hop gitta co so ly
thuyét cia hé thong khuyén nghi va két qua thuc nghiém trén tap dit liéu mo phong
cua dé an. V& mit ly thuyét, Collaborative Filtering cho hiéu qua cao khi dir liéu lich
str ngudi dung du l6n, trong khi Rule-Based va Content-Based Filtering hoat dong 6n
dinh hon trong trudng hop thiéu dir liéu (bai toan cold-start). Do dé, sé lugng sin
phz‘im ma khach hang da timg tuong tac dugc sir dung 1am tiéu chi phan &nh mic dj
dy du cua dir liéu hanh vi, tir 46 diéu chinh vai trd cia timg mé hinh thanh phan.

Cu thé, v6i khach hang it twong tic, mé hinh wu tién Rule-Based va Content-
Based; khi sé lugng tuong tic ting, trong sb cia Collaborative Filtering dugc ting
dan; va véi khach hang hoat dong manh, Collaborative Filtering dugc wu tién cao

nhét do kha nang khai théc hiéu qua cdc mau hanh vi hoc dugc tir dit ligu.
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Céc gia trj trong s6 cu thé dugec tinh chinh thong qua thyc nghiém, bing céch
thir nghi¢ém nhiéu cau hinh trong s6 khac nhau va lya chon cau hinh cho két qua tot
nhét theo cdc chi s6 Precision@5, NDCG@5, MAE va RMSE. Cich tiép can nay
dam bao md hinh lai vira ¢é co s& khoa hoc, vira phit hgp véi dic diém dir liéu cia
dé an.

3.3.3. DPinh gia mé hinh

Phuong phap danh gia

Qua trinh danh gia dugc thuce hién trén tap kiém tra (test set) duoc tach tir ma
tran ngudi dung — san pham theo ty 1& 80/20. DPéi véi mdi khach hang, hé thong sinh
danh sach goi y Top-5 sin phdm chua timg tuong téc trong tip huan luyén. Cac mé
hinh Rule-Based, Content-Based, Collaborative Filtering va Hybrid déu duogc danh
gia trén ciing mét tap dir liéu va kich ban du dodn nhiam dam bao tinh céng bang trong
so sanh. Céc diém du doan dugc chudn héa vé mién [1,5] trudce khi dura vao tinh toan
cac chi sé danh gia.

Tiéu chi danh gia

Qua trinh dénh gia dugc thuc hién dya trén bdn chi sé thudong dung trong céac
hé thdng goi y, mdi chi s6 phan dnh mét khia canh khac nhau cta hiéu qua dy dodn.

Cu thé:

e Precision@5: biéu thi ty 1& cac san pham lién quan xuat hién trong nim ggi y
dimg dau, qua d6 phan dnh mirc d¢ chinh xdc tryc tiép clia danh sich dé xuit.

¢ NDCG@5 (Normalize Discounted Cumulative Gain) do ludng chat lugng xép
hang bing cich gin trong s6 cao hon cho cdc dy dodn diing xudt hién & vi tri
dau.

e MAE (Mean Absolute Error): thé hién mirc sai léch tuyét d6i trung binh giira
gia trj dyr dodn va gié trj thyc té.

e RMSE (Root Mean Square Error): nhan manh céc sai s6 16n hon, gitp danh
gi4 d¢ n dinh va mirc phan tan cua sai s6 dy doan.

Két qua danh gid

Két qua danh gi4 cdc m6 hinh dugc trinh bay trong bang sau:
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Bing 3.2: Két qua dénh gia md hinh

Mo 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 thdy Hybrid dat hiéu ning toan dién hon so véi cic
m6 hinh don 1é. Mac d chi sé Precision@5 va NDCG@5 tuong duong véi mé hinh
Rule — based va Content — based, mé hinh Hybrid virgt trdi dang ké & hai chi sé MAE
va RMSE. Diéu nay cho thay phuong phap két hop vira duy tri dwge mirc dé chinh
xac trong xép hang, vira cai thién chat lwong du doan, qua d6 tang tinh én dinh cua
hé thong goi ¥. Nhin chung, mé hinh Hybrid chimg to mirc d6 phii hop cao trong béi
canh tu van san pham tai chinh véi yéu cau goi y ¢4 nhan héa.

3.4. Phat trién giao dién irng dung

Giao dién cia hé thong duogc phat trién trén nén tang Flask, déng vai tro trung
gian gitra m6 hinh khuyén nghij va nguai dung cudi. Ung dung hd trg hai nhém chirc
ning chinh: dé xut san phdm cho khach hing hién dai va dinh huéng lua chon cho
khéach hang mai.

3.4.1. Goi y cho khach hang hién hiru

Pdi véi khéach hang da c6 lich sir sir dung dich vy, hé thfmg truy Xuit tap cac
du doén sinh ra tir mé hinh Hybrid trong qué trinh huan luyén. Trén co s& d6, hé
théng thuc hién sp xép danh séch san pham theo diém dy doan mirc d§ phi hgp, loc
b céc san pham ma khach hang da timg ding ky hodc sir dung, lya chon top 5 san
phim c6 diém s6 cao nhit dé hién thi.

Cach tiép can nay khai thac théng tin tir ca lich sir giao dich ctia khach hang
va mdi twong quan vdi cac khach hang khac.

3.4.2. Ggi y cho khich hang méi
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D4i véi khach hiang mdi, giao dién cho phép nhip mot s8 thong tin co ban: 9
tudi, thu nhép, nghé nghé nghiép, myc tiéu tai chinh va mirc d sir dung kénh 5. Sau
khi tiép nhan thong tin diu vao, h¢ thng 4p dung md hinh két hgp Rule - based (RB),
Content — based (CB) dé tinh toan diém phi hgp.

Ngoai ggi y, h¢ thdng con cung cdp giai thich chi tiét cho timg san phim,
ching han: “San pham phit hgp véi myc tiéu tai chinh”, “Cac dic tinh san phdm tuong
dong véi nhu ciu cia nhém khich hang cé phan khic tuong ty”, ... Diéu nay gilp
nang cao tinh minh bach va tin cdy cta hé théng tu van.

3.4.3. Ludng xir Iy tong thé
Quy trinh xir ly dugc td chire theo chudi cac budc:
e Ngudi dung nhap yéu ciu qua giao dién web.
e Flask tiép nhan va chuyén dir liéu dén module xir 1y goi .
e M3 hinh tinh todn danh sach san phim phu hop.
o Két qua duoc tra lai giao dién dudi dang bang thong tin, gom nhimg truong
chinh: ma san phim (product ID), tén san pham (Product Name), nhém muc

tiéu (Goal), diém du doan (Predicted Score), giai thich ly do goi y

(Recommendation Reason).
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Hinh 3.3: So' dd trinh tir ciia hé thong goi ¥

3.5. Thir nghiém va danh gii hé thong

3.5.1. Két qua thir nghiém
Hé théng dugc thir nghiém trén bj dir liéu mé phong bao gdm 1000 khich

héng va hon 30 san phém/ dich vu ngan hang, duoc sinh theo cac quy tic nghiép vu

(rule — based) va cac phan khic khach hang phé bién. Sau khi hudn luyén cdc thanh

phén ciia m6 hinh Hybrid va trién khai thir nghiém toan bd quy trinh goi ¥, két qua

thu dugc nhur sau:

Precision@5 = 13%: muc dé pht hgp gitta Top — 5 san phim dugc hé thong

goi y va danh muc san phim khach hang thyc sy quan tim trong dit ligu md

phong.

Sai s d doan danh gia san pham:

o MAE=0.86
o RMSE=1.02
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Céc chi sé ndy phén d4nh mirc 4§ sai s6 & mirc trung binh thip, phu hgp vai
ban chét dix li¢u synthetic vén chira nhi¢u nhi&u va phan phdi phirc tap.
e Thoi gian phan hdi trung binh: dudi 0.005s cho mdi yéu cau ggi ¥ trong méi
trudmg cuc b, dam bao kha niing tich hgp vao hé thong ngan hang sd.
Vi du minh hoa:

Gei y cho khach hiang méi (Cold-start)
MuC 180 b e " Phan ke :_In_m T Thunndp | aooooe S8 homg oo § (Teo Kk 3 Gmy

Khich hing més [Cold-Starl myc tibu: mé Ll khoin)

Danh skeh ged y

[T Tén sin phim Nhim mepe téu Diém dy dodn Gidi thich

503 T khoan irld kromg md L khodn 3180 Kihérp e el e Ui knoda”
502 T4 khadn béy chudn ™ i khodn 3100 Khom muc b ‘md b khedn’
501 T4l khodn o ban md th khodn 2980 Knorp muc béu ‘mi i khoda’

Hinh 3.4: Demo két qua goiy
Céc ggi y déu hop 1y theo logic nghiép vu cia dit liéu md phong, cho thiy hé
thong van hanh on dinh va hiéu qua.
3.5.2. Panh gia va phan tich
Két qua thir nghiém chi ra rang mé hinh Hybrid cho hiéu qua én dinh trén bg
dir liéu mé phong. Hé thng c6 mét s6 uu diém va han ché nhu sau:
e Uudiém:

o M5 hinh khai thac tét thong tin hd so khach hang, muc tiéu tai chinh va
cdc quy tic nghiép vu, do dé cai thién dang ké van dé cold — start so véi
viéc chi sir dung CF.

o Céc luat nghiép vu (rule — based) gitip dam bao goi ¥ luén nim trong
pham vi hop 1€ véi timg phan khic, han ché goi y sai ngit canh.

o CB va RB van hanh tt ngay ca khi dif li¢u giao dich mua sin phim
chua phong pha.

e Han ché:

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

dir liéu mé phong khong phan anh ddy du hanh vi giao dich thyc té;

lugng tuong tic thyuc chat con it va rdi rac.
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o Két qua Precision chura cao (=13%) vi dit li¢u synthetic khé m ta hoan

toan cdc mau hanh vi ngudi ding thyc.
o D¢ xudt mo rong:

o Bé sung dir li¢u giao djch thyc hoéc sinh dit li¢u implicit feedback (vi
du: mirc d¢ quan tim, lugt xem san pham) dé cai thién ma trin CF.

o Ung dung cdc md hinh hoc siu nhrr Neural Collaborative Filtering
(NCF) hay DeepFM khi dir li¢u that du 1on.

3.6. Két luan chwong 3

Chuong 3 da trinh bay day du quy trinh x4y dung va trién khai hé théng khuyén
nghi dich vu ngin hang, bao gom thiét ké b6 dir liéu mé phong, lua chon dic trung,
huan luyén cic md hinh thanh phan (RB, CBF, CF) vi tich hop chiing thinh mé hinh
Hybrid. Bén canh dd, chuong cling md ta qua trinh hién thuc héa hé théng thong qua
giao dién trng dung xy dung bing Flask, cho phép kiém thir truc tiép cic chirc ning
g0o1y cho ca khéach hang hién hiru va khach hang méi.

Két qua danh gia thyc nghiém cho thay mo6 hinh Hybrid s& hiru d6 chinh xac
va mic d6 6n dinh cao hon so véi cac md hinh don 1€, thé hién qua cac chi sb danh
gid va céc truong hop thir nghiém thuc té. Cdc goi y dugc tao ra bam sit thong tin hd
so, nhu cau va bdi canh cia timg nhém khach hang, qua d6 chimg minh tinh phti hgp
cia mo hinh trong nghiép vu tu van san phim tai chinh.

Hé théng nguyén mau hoat ddng on dinh, ddp (mg yéu cau k¥ thuat vé hiéu
nang, thoi gian phan hoi va kha ning mé réng. Céc két qua trén minh chimg h¢ théng
c6 tiém nang trién khai trong thuc té, dong thai tao co s& cho cac hudng md rdng
trong tuong lai, nhur bd sung dir ligu that, ing dung mé hinh hoc sau hoc tich hgp

va0 c4c nén tang ngan hang so.
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KET LUAN
1. Kétludn.

Dé 4an da nghién ciru, thiét ké va xdy dyng thanh cong mét hé théng khuyén
nghi dich vu ngin hang, dua trén sy két hop giira céc k¥ thuit truyén thong va hién
dai trong linh virc Recommender Systems. H¢ théng dugc thiét ké theo huéng don
gian, linh hoat, dé trién khai, déng thdi dam bao tinh ¢4 nhan héa — yéu té quan trong
hang dau trong viéc nang cao trdi nghiém ngudi ding va téi uvu héa hiéu qua kinh
doanh cua ngén hang.

Trén co s& dir lidu mé phong gom ho so khach hang, danh muc san pham ngan
hang va lich sur tuong téc, dé 4n da dp dung cac ky thuat khuyén nghi phé bién: RB,
CBF, CF, va mé hinh Hybrid Recommendation. Hé thng ciing dugc trién khai dudi
dang ung dung web sir dung Python — Flask, cho phép nhap thong tin khach hang va
hién thi goi ¥ theo thdi gian thuc, két hop giai thich ly do dé xuit.

Thir nghiém mé hinh trén tap dit liéu gia lap cho thdy Hybrid c6 két qua tét
nhat. Diéu nay cho thiy viéc két hop wu diém ciia timg mé hinh (RB + CB + CF) gitip
tang chét lwong goi ¥ v cai thién kha ning céc nhan héa. M6 hinh CF don 1€ cho két
qua thdp, phan 4nh diing bin chét: dir liéu it, thua, hanh vi ngudi ding giéng nhau
chura du r6 rang dé CF hoat dong hiéu qua. Trong khi d6, cic thanh phin RB va CB
bd sung théng tin y dinh va mo ta san pham, gitp cai thién dang ké hiéu ning cia
Hybrid Model.

Thém vao d6, hé thong da:

e Xay dung dugc pipeline xir ly dir liéu, gdm budc lam sach, chudn héa, ma héa
vin ban (TF - IDF).

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

e Phat trién img dung web hién thj g¢i ¥, diém s6 dy don va Iy do khuyén nghi,
gitip md hinh c6 thé vin dung trong thyc tién.
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Nhin chung, d& én da dat duge cdc muyc tiéu dé ra: thiét ké mo hinh, xdy dyng
dir liéu, trién khai thuat toan, dénh gia hiéu sudt va tao nguyén miu hé thng hoan
chinh.

2. Han ché.

Mic du hé théng da van hanh on djnh va dat d¢ chinh x4c tuong d6i, vin con
nhimg han ché nhét dinh:

e Dir liéu mé phong: do khong sir dung dir li€u ngdn hang that, mirc d§ chinh
xdc va tinh dai dién con han ché. Hanh vi khach hang md phéng khong phan
dnh diy du céc yéu td thuc té nhu kha nang tai chinh, rii ro, hanh vi chi tiéu.

e M0 hinh CF cdn don gian: Str dung phuong phap cosine similarity va biéu
dién ma tran thura (sparse matrix) & mirc co ban, chua ap dung cac mé hinh CF
hién dai nhu Matrix Factorization hoac Neural Collaborative Filtering.

e Chura téi wru phén giai thich: Hién tai hé thong chi hién thi 1y do don gian, chua
c6 module giai thich tryc quan b%mg biéu dd hodc mé hinh XAL

e Giao dién demo con don gian, chua tich hgp xac thuc nguoi dung, chua mé
phong dugc nhiéu kich ban thuc té.

3. Huéng phat trién.

Dua trén cdc han ché va yéu cau tir thuc tién nganh tai chinh — ngan hang, hé
théng c6 thé dugc mé rong theo mét s6 hudng sau:

e Mo rong dir liéu va ting tinh thyc tién: Sir dung dit liéu that d3 dn danh, bé
sung thong tin giao dich chi tiét, diém tin dung va hanh vi tai chinh dé néng
cao do chinh xac cia mé hinh.

e Ning cip m6 hinh Collaborative Filtering: tmg dung cac thudt toan hién dai
nhu Matric Factorization, BPR, hodc Neural Collaborative Filtering nham cai
thién chét lugng du doan.

e Phét trién mé hinh lai théng minh hon bing cich ty dong hda viéc diéu chinh
trong sd giifa cdc md hinh thanh phan théng qua cac ky thuit hoc trong s& hodc

meta — learning,.
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e Ting cudmg kha ning gidi thich: cung cap Iy do goi ¥ ro rang hon, két hgp céc
dang biéu dd va mé hinh giai thich nham nang cao tinh minh bach va d§ tin
cdy.
e Trién khai trén méi trudmg thyuc té: déng géi hé thdng thanh API hodc
microservice dé tich hop véi ngan hang s6, dong thai hd trg cap nhit mé hinh
theo thoi gian thyec.
4. Két luan chung
Pé an hoan thanh viéc xay dung mét nguyén mau hé thong khuyén nghi dich -
vu ngin hang dua trén su két hop giita k¥ thuat hoc may va tri thirc nghiép vu. Két
qua thir nghiém cho thdy mé hinh Hybrid mang lai hiéu qua tét nhat, dic biét phii hop
v&i boi canh dir liéu han ché va yéu cau ca nhan héa cao cilia ngan hang.

Hé théng c6 thé van dung trong thuc tién khi dugc md rong dit liéu va ning
cap thuit toan. Nhitng hudng phat trién da dé xuit s& gitip hoan thién mé hinh, ning
cao do chinh x4c, kha nang giai thich va mo rng ttinhs (mg dung trong bdi canh ngan

hang so hién dai.
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BAN CAM DOAN
T6i cam doan di thye hién viée kiém tra mirc d) tuong dong ndi dung dé
dn/ludn vin/lugn dn qua phﬁn mém Turnitin mdt cach trung thyc va dat két qua
mure o twong ddng 17 % toan bd ndi dung dé an/ludn vin/ludn 4n. Ban dé an/lujn
vin/luin 4n kiém tra qua phan mém 13 ban cimg dé 4n/luan van/luén 4n da np dé
bdo vé trude hoi ddng. Néu sai i xin chiu c4c hinh thirc ky luat theo quy dinh
hién hanh cua Hoc vién.
Ha Ngi, ngay thang 02 nam 2026 >
HQC VIEN CAO HOC/NCS
(Ky va ghi rd ho tén)

Aol

Duong Bao Anh
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BO KHOA HOC VA CONG NGHE CONG HOA XA HOI CHU NGHIA VIET NAM
HQC VIEN c()le NGHE Péc 1ap - Ty do - Hanh phiic
BUU CHINH VIEN THONG

BAO CAO GIAI TRINH
SUA CHUA, HOAN THIEN PE AN TOT NGHIEP THAC SI

Ho va tén hoc vién: Duong Bao Anh
Chuyén nganh: Hé thong thong tin
Khéa: 2024 dot I
Tén d tai: Xay dung hé khuyén nghi hd trg khach hang sir dung cac dich vu ngén hang
Nguoi hudng dan khoa hoc: TS. Nguyén Duy Phuong
Ngay bao vé&: 22/01/2026
Céc ndi dung hoc vién di sira chita, bd sung trong d& 4n tét nghiép theo y kién déng
gop ctia Hoi dong cham dé€ an t6t nghiép:

TT Y kién hoi dong Sira chira ciia hoc vién
1 Ra soat, lam rd va chinh stra ndi dung vé tip dit | DA bd sung cach sinh dit lidu
liéu thue nghiém. thuc nghiém ¢ chuong 3,

muc 3.2. Xay dung tip dir
litu miu, tir trang 37 dén

trang 43
2 Ra soat, lam rd va chinh stra ndi dung vé viéc ap | Da giai thich rd viéc st dung
dung CF. CF & chuong 3, muc 3.3.2.

Huén luyén mé hinh khuyén
nghi - M6 hinh Collaborative
Filtering, trang 48, 49

3 | Ra soat, lam 13 va chinh sira ndi dung v& phuong | P4 trinh bay chi tiét vé
phép, tiéu chi va két qua danh gia. phuong phép, tiéu chi va két
qua danh gia ¢ chuong 3,
muc 3.3.3. Panh gia mo
hinh, trang 51

4 | Lamrd co s& ly trong s6 & Hybrid. Di bd sung co s xac dinh
trong sb trong md hinh lai &
chuong 3, muc 3.3.2. Huén
luyén mé hinh khuyén nghi -
MO hinh hybrid, trang 50




5 Lam rd cach tién xir ly dit liéu va sinh ma tran user | D4 giai thich 13 cach tién xu
— item. ly dit liu va bd sung cach
dung ma tran user — item &
chuong 3, muc 3.3.1 Tién xir
ly dit liéu, trang 44, 45

6 | Ra soat vé 13i trinh bay, 13i chinh ta Pi chinh stra mdt s6 15i
chinh ti, bo khoang tréng
thira, trinh bay lai tai liéu
tham khao.

Ha Néi, ngay "ithdng©indm 2026

Ky xdc nhin cia

CHU TICH HQI PONG THU KY NGUOI HUONG DAN ~ HOC VIEN
CHAM BE AN HOI PONG KHOA HOC

A e e

GS.TS. Tur Minh Phuong  TS. Pao Ngoc Phong  TS. Nguyén Duy Phuong Duong Bao Anh




BO KHOA HOC VA CONG NGHE CONG HOA XA HO1CHO NGHIA VIET NAM
HOQC VIEN CONG NGHE Dic 1ip - Ty do - Hanh phise
BUU(HIMI VIEN THONG N o

BIEN BAN
HOP HOI PONG CHAM DE AN TOT NGHIEP THAC Si
Cain i quyét dinh s6 Quyét dinh s6 3299/QD-HV ngay 26 thing 12 nidm 2025 cia
Giam d8c Hoe vién Cong ngh¢ Biru chinh Vién thong vé viéc thanh 13p Hoi déng chim dé
4n &t nghiép thac si. Hoi ddng a3 hop vao hdi §...... gio 1.5, phiit, ngay 22 théng 01 ndm
2025 tai Hoe vién Cong nghé Buru chinh Vién théng dé chidm dé 4n tét nghiép thac si cho:

Hec vién: Duwong Bio Anh

Tén d¢ an tot nghiép: Xay dyng h¢ khuyén nghj hd trg khich hang sir dyng cdc djch vy
ngén hang

Nganh: H¢ théng théng tin Mii sb: 8.48.01.04
Céc thanh vién ctia Hoi ddng chdm dé 4n tét nghiép c6 mat: .05 /05
T HQ VA TEN TRACH NHIEM TRONG HD GHI CHU
I | GS.TS. Tir Minh Phuong Chu tjch
2 | TS. Pio Ngoc Phong Thu ky
3 | PGS.TS. Nguyén Linh Giang Phan bién 1
4 | TS. D6 Thanh Ha Phén bién 2
5 | TS. Nguyén Thanh Tuyén Uy vién
Céc ndi dung thye hi¢n:

1. Chi tich Hji ddng diéu khién budi hop. Céng bd quyét dinh cia Gidm déc Hoc vién
Cong nghé Buu chinh Vién thng vé viéc thanh lap Hji ddng chdm dé én tét nghiép
thac sf.

2. Nguoi huéng din khoa hoc hogc thu ky doc Iy lich khoa hoc va cac didu kién bao vé dé
&n 16t nghiép cia hoc vién (C6 bén ly lich khoa hoc va két qua cdc mon hoc cao hoe
cia hoc vién kém theo).

3. Hoc vién trinh bay tém tit dé 4n t&t nghiép.
4. Phan bién | doc nhén xét (¢6 vin ban kém theo)
S. Phan bién 2 doc nhén xét (c6 van ban kém theo)
Céc céu hé: cia thanh vién Hoi d&ng
.f’ Then. s.h...e q..s.\Ja Al &m .«B@-em "me ”
.U.::[:".‘.Rnﬁ ...... ﬁ b‘ ILK z fu.r";. ?‘- Kea.. Eh\x"lmza\m 'Tl'g&.'\i::n)

3/, f-nﬂl_bb&‘a T
4l b e ereennd C ) ot e

---------------------------------------------------------------------
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7. Trd 1&i cda hoe vién:

ol Du *b~ da. B\o.-’. G, '+‘\ &Wp'li\n. ;’LI °¢-~.~ bw ’j.'kr-*n
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8. Thu ky doc nhan xét vé qu4 trinh thyc hign d& én tét nghiép cua hoc vién (c6 van ban
kém theo).

9. H¢i ddng hop riéng:
- Biu Ban kiém phiéu:
1. Truéng Ban kiém phiéu: .7 .N N L. Fe\m&ﬁ
2. Uy vién Ban kiém phiéu: gwgm 1 QI.MQI ?\39'1
3. Uy vién Ban kiém phicu: *B i fxm’m He...
- Héi ddng chdm dé an tdt nghiép bang bé phiéu kin.
- Ban kiém phiéu lam viéc:
- Truéng Ban kiém phiéu bdo cdo két qua kiém phiéu (cd Bién bdan hop Ban kiém
phiéu kém theo)
- Diém trung binh cia dé 4n tot nghiép: 35
Két luin:
1. Cacndi dung cén chinh sira, hoan thi¢n sau bo vé dé an t6t nghiép:
o @ﬁ- SMJi E@.m N BQMV‘LI nm %Y. ?Lﬂn.ﬂ

a fiea. "l’emf .
i UMF {Jr CF J

Pjﬁ;ﬂ ygbep, i Y g&m PE NP M
?,/Tl!‘ Ay B0r... L i J“?\ 2. /Cd 1n
‘.,).ﬂ.f Sxediii h’.} ...... ar. "}'_f\:\h‘-\ 543 oy £at ng(g—n Teﬂ r

2. bé ngh; Hoc vu;n cbng nhar; (hoac khﬁng) vé cip bang (hoac k.hbng) Lhac s‘f cho hoc
vién: CO w Jw LR, LPn R R s
3. Dé 4n tbt nﬁhlép c6 thé phat trién thanh dé tai nghlcn ctru cho

Budi lam viéc két thic vio.. f)ﬂ‘ 20.... cing ngay.
Chii tich Thur k§
ar- &
GS.TS. Tir Minh Phuong TS. Dao Ngoc Phong

|
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CONG HOA XA HOI CHU NGHIA VIET NAM
Dic lap - Ty do -~ Hanh phiic

BAN NHAN XET DE AN TOT NGHIEP THAC SI
(Dung cho ngudi phan bién)

Tén d@ tai dé &n 6t nghidp: Xay dyng hé khuyén nghj hé trg khich hang sir dyng cac dich
vu ngan hang.

Chuyén nganh: Hé thong th8Dg tN ........ccouuemmimrssmmmsimnsmmsssssssssssssesssessssssessssmassssssssssssinss
Ma chuyén nganh: B.4B.01.04 ...........ricimicmninsnnesnisssssssssssssssssmnsnessesmassis s sssasas
Ho va tén hoc vién: Duong Bio Anh

Ho va tén ngudi nhan xét: B6 Thanh Ha

Hoc ham, hoc vi: Tién sT ....

Chuy@n nganh: TIN ROC ..ccivinerciicsiasmsnsisrsessesassisssssresssasnsssssansessronsessssassssssssasssasassesnoses
Cd quan cong tic: Khoa Tri tu¢ nhan tao, Hoc vién cong nghé buu chinh vién thong .
S6 dién thoai: 0913378868 ........................E-mail: dothanhha@ptit.edu.vn

NOI DUNG NHAN XET

I/ Co sé& khoa hgc va thyc tién, tinh cdp thiét cua de tai:

Trong bdi cinh chuyén ddi s6 nganh ngan hang, viéc cd nhan héa trdi nghig¢m
ngudi ding la yéu té séng con. DE tai chon huéng tiép cin "Hé khuyén nghj" cho dich
vy ngan hing 1a kip thdi, va dap g nhu cau t5i vu héa danh myc sdn phdm va gia
ting mirc d§ hai 1ong ciia khach hang.

Pe 4n tap trung vao hudng \ng dyng thyc té, gidi quyét bai todn gidp khach
hang lya chon san pham tai chinh phitc tap (vay, tiét kim, bdo hi€ém) mdt cach thong
minh, thay vi céc phuong thite quing céo dai tra truyén thong.

II/ Ndi dung cia dé an tat nghiép, cac két qua da dat dugc:
Ngi dung dé dn chia thanh cdc chuong, cy thé nhu sau:

Chuong 1: Hoc vién trinh bay kha ddy di va hé thong cdc 1y thuyét v h¢ khuyén nghj
(CBF - lgc dya trén ndi dung, CF - lgc cfng tic, Rule-based - dya trén ludt) va dic tha
cia nganh tai chinh. Vigc phan tich rd cdc vwnhuge diém cia timg phuong phdp cho
thdy hoc vién c6 sy dau tr nghién ciru.

Chuong 2 & 3:
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e DB 4n 12 d& xut m6 hinh lai két hyp giita Hé chuyén gia dya trén ludt (Rule-
based) va céc thudt todn hoc mdy. Dieu ndy dic biét quan trong trong nganh
ngan hang vi céc san phdm tai chinh ludn di kém véi cic quy dinh phap
ly/nghiép vu chit ché (luat dinh) ma céc thudt todn thuan tiy khé ndm bat hét.

* Hoc vién di xay dyng dugc Pipeline xit 1y dif liéu hoan chinh tif tién xi I,
vector héa (TF-IDF) dén danh gid md hinh.

Cong cy trién khai: Sit dung Python, Flask va PostgreSQL la lya chon pht hgp, hién
dai, c6 kha ndng md rgng tot.

Két qud dat dugc cua do dn:

D@ 4n di thuc hién kiém chitng trén tap dit liéu gia lap gom 1000 khéch hing
véi cac chi s6 danh gi4 chudn myc nhu MAE (~0.86), RMSE (~1.02), Precision@5 va
NDCG@5. Céc két qua nay cho thdy mé hinh hoat dgng 6n dinh va c6 d§ chinh xdc
chdp nhan dugc trong pham vi dé dn.

Pi xdy dyng dugc nguyén mau g dung cé giao dién demo, thé hién kha ning
hién thyc héa 1y thuyét thanh cong cy phan mém.
III/ Nhirng van d€ can giai thich thém:
1. Db an st dung md hinh lai theo hwéng Adaptive Hybrid (digu chinh trong sg tuy theo
mitc d§ hoat dong cuia khach hang). Cén lam ro:

e Céic tham s6 tong s6 cy thé cia mé hinh gom w_CF,w_CB,w_RB, w_CF,
w_CB, w_RB, dugc xic dinh dua trén cd s& khoa hoc nao hay chi dua trén thyc
nghiém?

¢ Néu thyc hign trén tdp dit liéu 16n hon, lifu c6 co ché nao dé hé thong ty hoc
céc trong so nay thay vi cai dit cing (hard-coded) hay khong?

2. Trong dich vu ngén hang, khach hang chi dugc sir dung san phdm khi théa man céc
digu kién cy thé nhu di€m tin dung, thu nhdp tGi thiéu dé md thé tin dung. Do dé do an
can lam rd hon:

o LGp ludt (Rule-based layer) déng vai trd la bd loc tién quyét (Pre-filter) dé dam
bao tinh hgp 1& phép 1§, hay chi 1a bd loc bd trg dé wu tién thit ty hién thj?

¢ Lam thé ndo dé hé thdng xi 1y trudmg hgp md hinh CF goi ¥ mft sin phdm rét
phi hgp vé s& thich nhung khach hang lai khong di diéu kign phdp ly dé sit
dung?
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3. S8 li¢u thye nghiém cho thdy Precision@5 chl dat khodng 13%.

* Trong thyc té kinh doanh ngan hang, chi s6 13% nay c6 dugc coi 1a thanh cong
hay khéng khi so sanh véi céc phurong thitc marketing truyén thong?

4. Ngan hang thudng c6 hang triu khach hang nhung méi khach hang chi sif dyng tir
2-5 dich vy

e Cic ky thudt cy thé nao trong ma trdn twong tac dugc sit dyng dé dém bao mo
hinh Collaborative Filtering khong bj sai léch qué 16n khi ma trdn cé d§ thua
1én dén hon 90%?

IV/ Két luan:

P& 4n cua hoc vién Duong Bio Anh vé cd ban dép ing day di céc yéu cdu ciia mdt dé
4n Thac si k¥ thudt theo dinh huéng mg dyng. Dong y cho phép hoc vién béo vé dé
an t6t nghiép.

NGUOI] NHAN XET

t A WO |y
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CONG HOA XA HQI CHU NGHIA VIET NAM
D{c lip — Tw do — Hanh ph'lic ,

BAN NHAN XET DE AN THAC S
(Dung cho nguoi i phan b:en)

- Dé tai: Xay dung hé thong khuyén nghl ho trq’ khich hang sir dung
cic dich vy ngin hang.
- Téc gia: Duong Bao Anb.
- Chuyén nganh: H¢ théng thong tin
- Maso8.48 01 04
- Ngudi nhén xeét: Nguyén Linh Glang, TS PGS Cong n g,hg-, thong tin
Co quan cong tac: Truonb CNTT&TT, DI-IBK I-lN
Nhan xét: :
1. Tong quan chung va tinh cap thiét
Pé 4n clia hoc vién trinh bay nhimg nghién cu‘u tnen khaJ hé thong khuyén nghi
khach hang trong lmh vue ngm hang, Hoc vién da trién khai h¢ théng goiy trong
linh vue ngén hang va tnen khai thir nghlem Hoc vién 4p dung cac cong nghé
nhu loc cdng téc, goi y dya trén luit va goi y dua tren noi dung. :
Nhurlg van dé trong dé 4 an nn)' co tmh thye tién, .

2. Uu diém, nhugc diém cuia dé 4n vé noi dung, hlnh thuc
- NQI dung dé 4n c6 phu hop vcrl dé tai va dap Umg yéu cau?
Dc an trinh bay vé xay dx,mg va trién khai thir nghn:m hé théng khuyén nghi, goi
y cho khach hang vé céc giao dich ngn hang. Trong qué trinh xir ly dix liéu khiach
hang c6 ap dung mdt. s6 phuong phap hé thong goi'y, khuyen nghj nhu loc cong
téc, dya trén luat. . D& 4n clia hoc vién Duong Bao Anh tap trung vao nhﬁng ndi
dung chinh nhu sau:
+ Gi6i thiéu nhﬁ'ng tim h}eu vé bai toan goiyy khuyen nghi khéch hang
trong ngi¥ canh hé thong giao-djch ngan hang. 2
+ Phén tich thxet ké hé thong khuyén nghl khéch hang trong dich vu
ngan hé.ng :
+ Trién khai thir nghu;m va dénh gla ket qua
Céc ngi dung nay pht hop vdi tén cla dé tai dé én va dap img yéu clu dé an thac
sy k¥ thut chuyén nganh Hg thong thong | tm e
- Nhén xét chung ' 3 :
+ P& an viét con mﬁt sb diém vé an dung co the hoan lluen thern Nhi'mg két
qua danh gié thir nghi¢m va x\r ly dit llt;u can mo té 0] hon, nén ¢ céc kct qué théng
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ké. Nhimg két qua thu duge cho thiy kha nfing nim vén dé ciia tac gi trong thyc
hién lugn van.

+Deé an c6 mdt 6 Iuu y: cén néu rd cAc tiéu chi danh gi4 thir nghiém trong goi
¥ dich vy, nén c6 két qua thong ké.
3. Két luan: . | | . '
Téi ddng y dé tac gia Duong Bao Anh dugc béo vé dé an truée Hoi dong cham
dé 4n thac s Céng nghé thdng tin, chuyén nganh Hé théng théng tin.

Cau hoéi: _
- Phan tich rd thém céc tiéu chi xdy dung va danh gi4 phuong phép goi ¥,
khuyén nghi khach hang,
Ha Ngi, Ngay thang 01 néim 2026
© 7 Ngudinhén xét
Nguyén Linh Giang
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