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Tém tit:

Nganh ngdn hang cé vai tro quan trong trong viéc 6n dinh vi mé ciia nén kinh té. Qud trinh
toan cau héa va doéi moi sang tao trong linh viec cong nghé da tao ra sw canh tranh trong linh
viee ngdn hang va tai chinh. Hoat dong ciia cdc ngan hang phu thudc rat nhiéu vao dé chinh
xdc cia cde quyét dinh quan Iy. Muc tiéu cia nghién ciru ndy la di bdo hoat dong ciia ngdn
hang dya trén ky thudt tri tué nhan tao thudt toan rieng ngcfu nhién (Random Forest - RF). Pé
ching minh tinh hiéu qua cua mo hinh dy bao dwa trén RF, cac mé hinh dy bdo khac dwoc
dira trén ba ky thudt tri tué nhan tao khdc la mang no ron truyén thang nhiéu 16p (ANN-MLP),
mang ham co sé ban kinh (RBF) va hoi quy tuyén tinh (MLR) ciing dwoc phdt trién. Dir liéu
duege stk dung trong xdy dung mé hinh gom 405 mau dwoc thu thdp tir 45 ngdn hang hoat déng
tai Viét Nam trong giai doan 2002-2022. Cdc chi sé dau ra di bdo bao gom tong cdc khodn
vay va tong tién giri huy dong. Két qua thwe nghiém va cdc chi so danh gid mé hinh xdc dinh
mé hinh dy bao dua trén ky thudt RF cho do chinh xdc cao nhat.

Tiwr khoa: Tri tu€ nhan tao, du bao hoat dong ngan hang, hoi quy da bién, mang noron, thuat
toan ring ngau nhién, RBF.

Ma JEL: G21, C53.

Prediction of bank performance using random forest algorithm
Abstract:

The banking industry is regarded as the backbone of a country s modern economy. Globalization
and technical innovation, on the other hand, have produced a highly competitive market in
the banking and financial industry. The industry s performance is heavily dependent on the
accuracy of managerial judgments. This research aims to predict bank performance using the
Random Forest algorithm. To prove the effectiveness of the proposed model, other prediction
models based on artificial intelligence techniques, including multi-layer feedforward neural
network (ANN-MLP), RBF (Radial Basis Function) network, and multiple linear regression,
are also developed. The data used in developing models includes 405 samples collected from
45 banks in Vietnam during the period 2002-2022. Predicted outputs are total loans and total
deposits. Experimental results and model evaluation criteria indicate that the prediction model
based on RF technique provides the highest accuracy.

Keywords: Artificial intelligence, bank performance prediction, multiple linear regression,
neural network, random forest, RBF.

JEL code: G21, C53.
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1. Giéi thiéu

Ngan hang dugc coi 1a nganh quan trong ctia nén kinh t& qudc dan. Ngan hang cé nhiém vu kiém soat
lam phat, 6n dinh kinh té vi mo; bao dam cung cap ngudn von tin dung va hé théng thanh toan cho nén kinh
té; bao dam an ninh, an toan tai chinh, tién t& qudc gia, gop phan giit vitng 6n dinh chinh tri, trat ty an toan
xa hoi; bao vé quyén va loi ich hop phap cuia nguoi dan va doanh nghiép. Trong bdi canh toan ciu héa, cac
rao can lién quan dén canh tranh da giam di mot phﬁn rat 16n, diéu nay da tao ra cac thi truong co tinh canh
tranh cao. Diéu nay anh huong dén tat ca cac to chirc trong tat ca cac linh vuc va nganh nghé. Nganh ngin
hang Viét Nam ciling khong ngoai 1€. Cac ngan hang Vi¢t Nam phai canh tranh khong chi gitra cac ngdn hang
trong nudc ma con véi cac ngan hang nudce ngoai (Poan Viét Hung, 2019). Didu nay doi hoi cac cip quan
1y trong nganh can c6 kha nang dua ra cac quyét dinh diéu hanh chinh xéac. Viéc du bao sém hiéu qua hoat
dong gitp cac ngan hang c6 hudng xir Iy kip thoi, giam thiéu thoi gian va quy trinh phan tich. Cac cong cu
toan hoc va théng ké c6 thé hd tro ngudi ra quyét dinh dua ra nhitng dyu doan vé tinh hinh hoat dong va cac
thach thirc trong twong lai. O céc bai toan du bao trong nhitng nghién ctru trude day, cac tac gia thuong st
dung dit liéu lich sir ctia chudi thoi gian dé cung cép cac wde lugng cho cac gia tri trong twong lai. Tuy nhién,
trong nhitng ndm gan day, cac ky thuat tri tu¢ nhan tao (Artificial intelligence - AI) da ching minh dugc
kha nang khai thac dir liéu cling nhu dyu bao hiéu qua hon so véi cac phuong phap thong ké trong linh vuc
tai chinh. K§ thuat tri tué nhan tao c6 thé tim ra théng tin tiém nang va quan trong can thiét tir dix liéu (Lin,
2009). Cac k§ thuat nay thuong duoc st dung trong cac van dé du bao phirc tap va phi tuyén. Trong cac k§
thuat tri tué nhan tao, thuat toan rimg ngau nhién (Random forest - RF) 1a mot trong nhiing k¥ thuat cho do
chinh xac dy bao cao va tranh duoc hién tugng qua khép (overfiting). Thuat toan RF da duoc sur dung trong
mot sb linh vuc ky thuat va cong nghé nhu dy bao kha nang chiu tai, phan loai gene.

Trong nghién ctru nay, thuat toan RF dugc st dung dé du bao hoat dong cua cac ngan hang tai Viét Nam.
Ngoai ra dé chuing minh tinh hi€u qua cua thuét toan RF, mot sb k¥ thuat tri tu¢ khac bao gém mang no ron
truyén thang ANN-MLP, mang RBF va k¥ thuat hdi quy MLR ciing dugc sir dung trong nghién ciru. Nghién
ctru nay s& kham pha mot ing dung cua hoc mdy trong tai chinh va kha niang ap dung tai Viét Nam. Két qua
cho théy, trong cac mo hinh dua trén k¥ thuat tri tué nhan tao dugc phat trién: mo hinh dua trén thuét toan
RF ¢6 d6 chinh xdc du béo tot nhat.

2. Tong quan nghién ctru

Gidng nhu nhiéu nganh va linh vuc khac, cac ngan hang dang ngay cang tim cach tan dung cac vu thé do
cong nghé mang lai dé cai thién quy trinh, ning suat va giam chi phi. Do sy canh tranh ngay cang gay git
nén cac ngin hang dang chay dua trong viéc ap dung cac cong nghé hién dai dé ty dong hoa cac quy trinh
van hanh va tdng nang luc phan tich bo dit liéu. Trong linh vuc dy bao hoat dong cua ngan hang, da cé nhiéu
cong trinh ndi bat trong do st dung cac ky thuét tri tué nhan tao va hoc may. Hao & Adsavakulchai 2023)
da str dung cac k¥ thuat nhu cay quyét dinh, Naive Bayes va may vector hd tro dé du bao cac khoan vay
ngan hang. Két qua cho thiy ca ba k¥ thuat déu cho két qua twong ddi cao giéng nhau, nhung ky thuét cay
quyét dinh J48 ¢6 hiéu qua tot nhat voi do chinh xac 13 98,85%. Trong nghién ctru ctia Assous (2022) da sir
dung bdn k¥ thuat tri tu¢ nhan tao dé phat trién mo hinh du bao hi¢u qua hoat dong ciia cic ngan hang Saudi.
Ky thuat cho d¢ chinh xac cao nhat 1a k¥ thuat tw dong tim kiém twong tac Chi-squared. Ledhem 2022)
da st dung cac k¥ thuat hoc may nhu hoi quy LASSO, random forest (RF), mang noron va k¥ thuat lang
giéng gan nhat (k-nearest neighbor - KNN) dé dy bao hoat dong tai chinh ciia cac ngan hang Indonesia. Két
qua cho thay k¥ thuat RF cho két qua t6t nhat. Appiahene & cong su 2020) di xay dung mo hinh du bao
hoat dong cuia cac ngan hang tai Ghana. M6 hinh du bao dua trén cac k¥ thuat cay quyét dinh DT, k¥ thuat
Random Forest va mang no ron, két qua cho thiy mé hinh cay quyét dinh C5.0 cho két qua du bao tbt nhat.

O Viét Nam, tri tué nhan tao da va dang dugc quan tam va phat trién & mot sd linh vuc. Trong linh vyc
ngan hang va tai chinh c6 mot s6 nghién ctru tiéu biéu nhu phat hién gian 1an thé tin dung (Nguyén Thi Lién
& cong su, 2018), chidm diém tin dung (Giang Thi Thu Huyén, 2021), du bao khach hang roi bo dich vu ngan
hang (Pao Cong An, 2018). Tuy nhién, img dung k¥ thuat tri tué nhan tao trong du bao hoat dong ctia ngan
hang hién van chua co. Trong nghién ciru nay, tac gia da s dung bdn k¥ thuat tri tué nhéan tao dé xay dung
mo hinh dy bao hi€u qué hoat dong cia cac ngan hang Viét Nam. D liéu st dung trong nghién ctru dugc
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thu thap tir 45 ngan hang thuong mai hoat dong tai Viét Nam trong giai doan 2002-2022.

3. Mt s6 ky thudt tri tué nhan tao sir dung trong duw bio

3.1. Thudt todn rirng ngéu nhién (Random forest - RF)

Thuat toan rimg ngau nhién (Random forest - RF) 1a phuong phap phan 16p thudc tinh duoc phat trién
boi Breiman 2001). Dya trén ¥ tudng két hop nhiéu mé hinh phan loai/hdi quy thanh tap hop cic mé hinh
phan loai/hdi quy dé cho tinh chinh x4c cao hon so v&i chi mot mé hinh phan loai. RF dugc xdy dung dua
trén nén tang thuat toan phan 16p Classification and Regression Trees (CART) st dung k¥ thuét c6 tén goi 1a
bagging (Hart & cong su, 2000). K§ thuat nay cho phép lya chon mot nhém nhé cac thude tinh tai mdi nut
clia cay dé phan chia cho mtc tiép theo cuia cdy phan 16p (Hinh 1). Bang cach chia nho khong gian tim kiém
thanh cac cdy nho hon nhu vy cho phép thuét toan ¢ thé phan loai mot cach rat nhanh chong cho du khong
gian thugc tinh rt 16n. Cac tham s6 dau vao cua thuét toan kha don gian bao gém s6 cac thude tinh dugc
chon trong mdi 1an phan chia (mtry). Gia tri mac dinh ctia tham s6 nay 1a can bac hai ciia v6i 1a s6 lugng
cac thudc tinh. Tuong ty nhu thuat toan CART, RF van sir dung cong thic Gini la cong thuc tinh toan viéc
phan chia cdy. S6 lwong ciy duoc tao ra 1a khong han ché va ciing khong sir dung bét ky ky thuat dé han ché
mo rong cdy. Can phai lua chon tham sb cho biét sé lugng ciy (ntree) s& duge sinh ra sao cho dam bao rang
mdi mét thudc tinh s& duge kiém tra mot vai lan. Sau khi mot sd luong 16n cac cay dugc tao ra cac cay nay
“b6 phiéu” cho 16p phd bién nht.

Mbi cay dugc tao ra dua trén mét tap mau hun luyén nga:lu nhién duoc léy ra tur tap mau huin luyén ban
dau véi ciing d6 16n theo nguyén tic 1y mau c6 hoan lai (phuong phap Bootstrap) c6 nghia 1a mot mau c6
thé duoc ldy nhiéu 1an. Céc cdy ra quyét dinh duya trén tdp mau vira tao ra v6i nguyén tic chi sir dung mot sé
luong bién dau vao tai mi nat phan chia. Két qua cudi cung 1a gia tri trung binh két qua thu duoc tir tit ca
cac cdy ra quyét dinh. Bang cach st dung that nhiéu cdy ra quyét dinh, sai s6 du bao ctia mé hinh sé& duoc
giam. Cy thé cac budc nhu sau:

- Xéc dinh 1a s6 luong cay sé dugc xay dung.

- X4c dinh 12 sb lugng thudce tinh dugc sir dung dé phén chia tai mdi niit ciia cdy. 1a téng sb cac thudc
tinh (). duoc giir khong doi trong sudt qua trinh xay dung cay.

- X4y dung cdy quyét dinh. Trong d6 mdi cay quyét dinh duoc xay dung nhu sau: (1) xay dung tip mau
khoi dong (bootstrap) véi mau tir viée hoan vi tdp cac mau ban dau. Mdi cay s& duge dyung tir tap mau khoi
dong nay; (2) Khi xay dung cay quyét dinh, tai mdi nat s& chon ra thudc tinh va thudc tinh nay duoc su
dung dé tim ra cach phan chia t6t nhat; (3) Mdi cay quyét dinh dugc phat trién 16n nhit c6 thé va khong bi
cat xén.

Hinh 1: Thuét toan RF

- cay 1 Cay 2 cay3 cayT
lKé’t qual l Két qua 2 l Két qua 3 l KétquaT
\ Téng hop F

Két qua
cudi cling
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- Sau khi xay dung dugc ring ngau nhién, dé phan 16p cho ddi twong , thu thap két qua phan 16p ddi tugng
nay trén tat ca cac ciy quyét dinh va xac dinh két qua cudi cing (bang phuong phap iy binh quan gia tri dy
bao hodc “bo phiéu”) ciia cac cay quyét dinh dé lam két qua cudi cing cua thuat toan. Ty 1 18i cua cay phu
thudc vao d6 manh cua timg cy quyét dinh thanh phan va mdi quan hé gitra cac ciy do.

Céc thong s6 anh hudng dén hiéu suét cua thuat toan 1a: s luong cay quyét dinh dugc xay dung; ki thuat
ldy miu (c6 sir dung hay khong str dung k¥ thuat bootstrap); s6 lugng bién dugc sir dung tai mdi nut; va dac
diém cua tap dir liéu bao gdm thong sé dau vao va thong sd dau ra.

3.2. Mang noron truyén thing nhiéu Iép (Multi-layer Perceptron ANN-MLP)

La cong cu tinh toan phé bién trong linh vyc tri tué nhan tao, c6 cAu trac g6m mot tap cac don vi tinh toan
va dugc chia thanh nhiéu 16p nhu vi du Hinh 2. Mirc d6 lién két giira cac don vi duoc xac dinh boi mot tap
gia tri trong s6. Tham sd bias (thién vi) dugc str dung dé tang do thich nghi cia mang véi bai toan dat ra. Sd
16p va cac don vi trong mdi 16p phu thude vao ting bai toan va duoc xac dinh bang thir nghiém. S6 luong
don vi ciia 16p ra bang s6 bién cia vector 101 giai.

Mang noron nhan tao gdm c6 mdt nhém cac noron nhan tao (nat) ndi véi nhau, va xir 1y thong tin bang
cach truyén theo cac két ndi va tinh gia tri mai tai cac niit. Trong d6 mang perceptron nhiéu 16p (Multilayer
perceptron - MLP), hay con goi 1a mang truyén thang nhiéu 16p, mo rong ciia mé hinh mang perceptron, 1a
mang noron nhan tao dugc sir dung phé bién nhét, dac biét 1a mang MLP c6 mot 16p an. Cac nghién ctru cho
thdy ring mot mang no ron truyén thang nhiéu 16p véi mot 16p an ¢ thé xap xi hoa tit ca cac ham sd lién
tuc (Cuomo, 2022; Raviv & cong su, 2022), do d6 dugc ting dung trong rat nhiéu linh vuc (Masini & cong
su, 2023). Hinh 2 1a mot mang no ron truyén thing nhiéu 16p gdm 3 16p. Véi , , va 1a s lwong nit vao, nat
dnvanatra; va lacac trong sb cua nht vao va nat 4n; va 1a cac véc to do 1éch bias cua 16p an va 16p ra;
1a véc to cac dau vao; la cac véc to dau ra cua 16p an; va 1a véc to dau ra. Mang noron trong Hinh 2 dugc
trinh bay thong qua cong thuc sau:

hoi = f(Z?zl iWi’j.x]' + hbi), V(’)’l_] = 1, .. .,N (l)
yi = f(Zk=1 hWi . hog + ob;),véii=1,...S )

Trong d6, f 1a ham kich hoat (ham chuyén).

Khi xdy dyng mot mo hinh mang noron, can phai xac dinh s 16p va s6 nat trong mdi 16p. Mot mang
¢6 nhiéu 16p va nut thi mang s& phirc tap. Khi do phirc tap cia mo hinh qué cao s& ¢ hién twong qua khop
(overfiting), c6 thé dan dén viéc du doan nham nhidu, va chat lugng md hinh khong con tdt trén dit liéu kiém
tra (Caruana & cong sy, 2001).

Chtrc ning ciia mot mang noron duoc quyét dinh boi cdu triic mang (s 16p, s6 nat trén mdi 16p, lién két
giita cac 16p), cac trong s ctia cac lién két. Cu tric mang thudng cb dinh, va cac trong sé duge quyét dinh

Hinh 2: Mang no ron truyén thing MLP ba 16p
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boi cac thuét toan huin luyén. Qua trinh diéu chinh cac trong s6 dé mang “nhan biét” dugc quan h¢ gitra
dau vao va dich mong mudn duoc goi la hoc hay huén luyén. Nhiéu thuat toan da duoc ap dung dé tim ra
tp trong s6 toi vu lam giai phap cho céc bai toan, chia lam hai nhém chinh: hoc c6 giam sat va hoc khong
co6 giam sat.

Hoc c6 giam sat 1a mang dugc huan luyén bang cach cung cap cho no cac cip mau dau vao va cac dau ra
mong mubn. Sy khac biét gitra cac déu ra thuc té so véi cac dau ra mong mudn duoc thuét toan su dung dé
thich (mg cac trong s trong mang. Piéu nay thudong dugc dwa ra nhu mot bai toan xp xi ham sd: cho dir
liéu huén luyén bao gdm céc cip mau dau vao x, va mot dich tuong tmg £, muc dich 1a tim ra ham f{x) thoa
man tit ca cac mau hoc du vao.

Dé huin luyén mot mang va xét xem no thyc hién tdt dén dau, ta can xay dung mot ham muyc tiéu hay ham
chi phi (cost function) dé cung cap cach thirc danh gia kha ning mo hinh. C6 mot s6 ham co ban dugc sir
dung nhu tong binh phuong 16i (Sum of squared error - SSE) va trung binh binh phwong 16i (Mean squared
error - MSE). Trong qua trinh huan luyén, s& dat dugc phuong 4n t6i wu hodc gan ti wu twong tng vdi cac
véc-to trong s6 va do léch. Gia thiét 1a c6 m cap dau vao va diu ra mong mubn, X, t, vOi k=1,2,...m. Trong
qué trinh huin luyén, cac gia tri iw, hw, hb, va ob s€ dugc thay ddi dé toi thiéu hdéa ham muc tiéu E, gia thiét
E st dung ham MSE s€ dugc biéu dién nhu sau:

_1m 2 _1yvm _ 2
MSE = —¥k=1 eje = — Yie=1(tk — Yi) (3)

Véiy, la dau ra thyc té va t1a dau ra mong mudn
3.3. Mang ham co so bdn kinh RBF (Radial Basis Function)

Kién trac cta mang ham co sé ban kinh RBF (Radial basis function) la mdt loai mang noron nhan tao
truyén thang bao gdm 3 16p: 16p dau vao, 16p an va 16p dau ra nhu trong Hinh 3. Mic du kién trac ciia mang
(RBF) twong ddi don gian, nhung c6 kha ning tong hop cao (Jiang & cong su, 2016). Mang RBF duoc sir
dung trong cac bai toan phan loai va hoi quy trong nhiéu linh vye khac nhau nhu nhin dang mau va xéap xi
ham (Batool & cong su, 2013; Guan & cdng sy, 2016).

Hinh 3: Mang RBF

Lop dau vio Lép an Lop déu ra

Nhu Hinh 2, d4u ra duoc tinh theo cong thic sau:
Vs = Z§=1 wjsR;(x), s =1,2,...,S @)

Trong d6 1a s6 lwong dau ra, 1a sé neural trong 16p an va 1a trong s6 lién két giita ndt thir trong 16p an
v6i node thir ¢ 16p dau ra. C6 mot s6 ham co s& hudng tim, tuy nhién ham dugc sir dung pho bién nhat la:

R(x) = exp (_ M), =12,...] (5

2
201-

Trong do: x 1a vector dau vao, moi véc to dau vao dugc the hién bang mdt vector N-chiéu; ¢ vac, latam
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va do I¢ch (do rong) ctia RBF;

vector x va c,

|x — ¢;|| 14 chuan Euclidean cta x va ¢, hay con goi la khoang cach giira hai

Thong qua huén luyén mang RBF, mdi quan hé gitra ddu vao va dau ra s& duogc thiét 14p. Viéc huén luan
mang RBF thong qua viéc xac dinh cac tham s6 tam, do rong cua ham co s¢ va cac trong s6 két ndi.

3.4. Hoi quy tuyén tinh da bién (Multiple Linear Regression - MLR)

Hbi quy tuyén tinh da bién (Multiple linear regression - MLR) 1a mdt trong nhimng nhitng thuét toan co
ban nhit ctia hoc may, thuéc nhom hoc c6 giam sat. Hi quy tuyén tinh 1 mot phuong phép don gian nhung
da duoc chimg minh dugc tinh hiéu qua ddi voi phan 16n cac bai toan. Hoi quy tuyén tinh 1a mot mé hinh
tuyén tinh, vi du: mot mé hinh trong d6 gia dinh méi quan hé tuyén tinh giita cac bién dau vao () va bién dau
ra duy nhat (). N6i cach khac, co6 thé dugc tinh toan tir sy két hop tuyén tinh cua cac bién du vao (). Khi
c6 mot bién dau vao duy nhét (), phuong phap nay duoc goi 13 hdi quy tuyén tinh don gian (simple linear
regression). Khi ¢6 nhiéu bién dau vao, ta c6 phuong phap 1a hdi quy tuyén tinh da bién bién (multiple linear
regression). Cac k¥ thuat khac nhau c6 thé duoc sir dung dé chuan bj hodc huin luyén phuong trinh hdi quy
tuyén tinh tir dir lidu, trong d6 phuong phap phd bién nhat duoc goi la binh phuwong nhoé nhat thong thuong
(Ordinary least squares). M6 hinh hdi quy nay duoc goi 1a Ordinary least squares linear regression, hay con
goi ngin gon 1a Least squares regression (Maulud & Abdulazeez, 2020).

4. Phuong phap nghién ctiru

4.1. Lwa chon diu vao va diu ra

C6 rat nhiéu nghién ctru khac nhau trong va ngoai nude thao ludn nhim xac dinh dau ra va dau vao cua
ngan hang (Kosmidou & Zopounidis, 2008; Bod’a & Piklova, 2018; Appiahene & cong su, 2020; Nguyén
Minh Kiéu & Nguyén Ngoc Thuy Trang, 2020; Wei & cong s, 2021). Tuy nhién, khong cé cach tiép can
nao 1a hoan hao trong viéc xac dinh déu ra va dau vao ciia ngén hang vi khong co cach tiép can nao c6 thé
phan anh duoc tit ca cac hoat dong, vai trd ctia ngan hang voi tu cach 1a chi thé cdp cac dich vu trung gian
tai chinh (Sealey Jr & Lindley, 1977). Mot trong nhitng su khac biét trong cac cach tiép cin 13 boi bién tién
gui huy dong co6 ca dac diém cua bién dau vao va dau ra. V& co ban, c6 hai cach tiép can chinh nhu sau:

Coi ngén hang 1a mot t chirc trung gian tai chinh két ndi khu vuc tiét kiém va khu vuc dau tu cia nén
kinh té, dé phan tich va danh gia hiéu qua hoat dong ctia ngan hang. Véi cach tiép can nay, cac dau vao duoc
sir dung bao gdm: chi phi nhan vién, tai san c¢6 dinh, tién giri huy dong. Dau ra 1a lgi nhuén.

Coi ngan hang 13 mot to chirc cung cip cac dich vu va san pham tai chinh cho khach hang, bao gdm luu
trit tién, cho vay tién, chuyén khoan tién, ddu tu va tu van tai chinh. Dau vao la tai san ¢ dinh, s6 lao dong,
s6 chi nhanh. Pau ra 1a nhitng chi s6 lién quan dén dich vu cung cip cho khach hang 13 tong tién gui huy
dong va tong cac khoan vay. Trong nghién ciru ndy, tic gia st dung cach tiép can coi ngén hang 1a mot to
chirc cung cap dich vu va san pham tai chinh.

4.2. Diy liéu

Dir liéu st dung trong nghién ctru dugc thu thap tir 45 ngan hang Viét Nam trong giai doan 2002-2022
(Le & cong su, 2022). Dit licu gém 644 mau duoc téng hop tir cac bao cao va bao cao tai chinh thuong nién
ctia cac ngan hang. Sau khi loai bo nhitng mau thiéu di liéu hodc dit liéu khong phu hop, ¢6 405 miu duoc

sir dung trong nghién ctru. Bang 1 cung cp mot sd thong ké mo ta ctia dit liu.
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Biang 1: Théng ké mé ta

Bién Gia tri Gia tri lon nhat  Gi4 tri trung binh D 1éch chuén
nhé nhat
Tai san cb dinh 769,00 11.114.537,00 1.742.134,40 2.503.932,12
(Don vi: ty dong)
S6 lao dong 4500  39.950,00 6.906,97 ©8.593,60
S6 chi nhanh 200 240000 268,83 .. 45702

Tong tién gui huy dong (Don ~ 7.314,00  1.404.875.777,00  134.050.816,11 233.066.086,72
) vi: ty dong)
Tong céc khoan vay (Pon v~ 50.721,00  1.345.632.643,00 122.985.141,52  218.774.472,25
ty dong)

4.3. Xay dung cac mé hinh dw bdao

Hinh 4: Cac bwéc xdy dung mo hinh

Thu thap dit liéu

Xir Iy dit liéu

Gfr liéu huén luyé@@chaﬁfé}:a dD:>@kiém tra

Phat trién cac méd o | Kiém dinh mé |
hinh du bio > hinh -

MLP, RBF, RF, MLR

Mo hinh du bao

Céc tiéu chi danh gia mé hinh

Céc budc xay dung mé hinh dugc trinh bay trong Hinh 4, cy thé nhu sau:

Bude 1: Chuan bi dif liéu

Budc nay sé thuc hién thu thap dir ligu va tién xtr 1y dit li¢u. Dt li¢u sau khi dugc thu thap, can phai dugc
xu 1y, [am sach va bién doi trude khi mot ky thuat hoc may cé thé dugc huan luyén trén nhiing bo dir licu
nay. Cac k¥ thuat nay bao gom: xt ly dit li€u bi khuyét, ma hoa cac bién nhém, chuan héa di licu,. ..

Buwoce 2: Phan chia dir liéu

Budc nay chuén bj dix liéu dé xay dung mo hinh. Dt liéu dugc chia thanh hai phén: dir liéu dung dé phuc
vu cho huan luyén, phat trien mo hinh; dit liéu dung dé kiém tra moé hinh. Trong nghién ctru nay, tac gia su
dung 2/3 dir li¢u cho muc dich huan luyén, phan con lai (1/3) dir li¢u cho muc dich kiém tra.

Buoc 3: Xay dung mo hinh

Muc dich ciia budc nay 1a tim ra hAm va gan nhan cho dit liéu, thuong duge goi 1a hoc hay huén luyén.
Trong d6: la cac dir liéu dau vao, la dau ra cua du bao. Cac k¥ thudt hoc co gidm sat ANN-MLP, RBF, RF,
MLR da dugc su dung trong nghién ctru.

Buée 4: Kiém tra

Cac dit liéu méi s& dugc dua vao dé kiém tra, danh gia.

Buéc 5: Panh gid va chon ra mé hinh tot nhat
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Viéc danh gia dugc thuc hién thong qua cac chi ti€u danh gia trén tap di li€u kiém tra. Néu khong dat
duogc két qua mong mudn thi cac tham sb ctia cac thuat toan phai dugc thay d6i dé tim ra cac mé hinh tét
hon va thuc hién kiém tra, danh gia lai. Cubi cung s€ chon ra dugc mo hinh du bao tt nhat.

4.3.1. Tham s6 ciia cdc mé hinh

Cac mo hinh duoc thyc hién trén ph?ln mém Matlab R2022b va Weka 3.9. Tham sd chinh cta cac mo
hinh cu thé nhu sau: P6i voi mo hinh ANN-MLP, mang noron truyén thang nhiéu 16p véi mot 16p an duge
sir dung. Lép an c6 3 units, ham kich hoat 1a gradient lién hiép dugc sir dung dé tang toc do tinh toan. Ham
chi phi 1a sai sb toan phuong trung binh (MSE- Mean squared error). D6i voi mé hinh RBF, s6 lwong ham
Gaussian 13 2, ham kich hoat 14 gradient lién higp. D6i v6i mo hinh dua trén thuét toan RF, s6 lugng ciy xay
dung 14 100 va khong gi6i han do siu cua ciy. Déi véi du bao tdng cac khoan vay, mé hinh MLR c6 cong
thirc nhu sau:

Tong cdc khoan vay = 2.899,9008xS6 lao dong - 21.723,9927xS6 chi nhanh + 2,0568xTai san cé dinh +
0,8487 x Tong tién giri huy dong - 8.561.646,342

Dbi voi du bao tong tién giri huy dong, mé hinh MLR c6 cong thirc nhu sau:

Tong tién giri huy dong = -2.193,5462 x Sé lao dong + 21.709,9094 x Sé chi nhanh + 4,161 x Tai san
6 dinh + 1,058 x Tong cdc khodn vay + 6.000.922,381

4.3.2. Céc chi sé danh gid mé hinh

Sai s6 du bao 1a chénh léch giita gia tri thuc va gia tri du bao nham danh gia chat luong hay su phu hop
cua mo6 hinh dy bao tai cung mot thoi diém. Sai s du bao ciing la can ctr dé thuc hién viéc diéu chinh mo
hinh du bao.

Cin ctia sai s6 binh phuong trung binh (Root mean squared error - RMSE):

RMSE = [2X1, G- ©)

Vi ¢, 1a gia tri mong mudn, ¥, la gia tri du bdo cia m6 hinh, m la téng s6 mau.
Sai sb tuong ddi trung binh (Mean absolute percent error - MAPE)

_1oom |tk=VE
MAPE = -7, [ (7)

Sai s6 tuyét ddi trung binh MAE (Mean absolute error)

1
MAE = ;Z?ﬂ”k = Ykl (8)

Céc chi s6 MAE va MSE va RMSE c6 dic tinh, cong ning nhu nhau va thuong cho ciing mot két qua khi
danh gia. Tuy nhién, néu gi4 tri sai sb g=1t-y, déu nhau thi nén chon MSE dé danh gia. Nguoc lai, néu gia
tri sai s0 €, qua khac bi¢t, MAE nén dugc lya chon. Ti€u chi RMSE 1a can béc hai cua tiéu chi MSE nén hai
tiéu chi vé ban chat 1a mot; diéu khac biét 1a gia tri ctia tiéu chi RMSE bé hon.

Tiéu chi MAPE gitip danh gia sai s6 mét cach twong déi, do d6 thuong duoc ap dung khi danh gia sai s6
du bao véi cac bd sb liéu khac nhau. Nguoc lai, voi cung mot bd sb liéu nhung ap dung nhiéu phuong phap
du bao khac nhau thi khong nén ap dung ti€u chi MAPE vi tinh phtic tap trong tinh toan.

Hé sb twong quan R: C6 gia tri tir -1 dén 1, dugc dung dé do ludng mirc d6 phu thude tuyén tinh giira gia
tri thuc té va gia tri du bao. Hé s6 twong quan bang 0 (hay gan 0) c6 nghia 1a khong co lién hé gitra hai bién
s6; nguoc lai néu bang -1 hay 1 ¢6 nghia la gitra gia tri thuc té va gia tri du bao c6 mot mdi lién hé tuyét doi.
Néu R < 0 ¢ nghia 1a khi t ting cao thi y giam va nguoc lai; néu R > 0 c6 nghia 1a khi t ting cao thi y ciing
tang, va khi t giam cao thi y cling giam theo.

R = S (t—D =) )
[ERa- DRI k57

cr_ 1lym N v — Lym
Véit = mZk:l tyvay = mZkzlyk-
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Theil’s U: H¢ s0 nay dugc su dung dé so sanh cac mo hinh dy bao, cong thirc nhu sau:

JEr e
= S &

Gia tri U nam trong khoang tir 0 dén 1, U cang tién v& 0 thi mé hinh du bao cang chinh xéc.

5. Két qua va thao luin

Céc chi s6 danh gia mé hinh duoc trinh bay trong Bang 2. Céc gia tri RMSE, MAPE, MAE, R va Theil s
U cta m6 hinh dua trén k¥ thuat RF tuong tng 13 2,0276x107; 1,4467; 1,4044x107; 0,9948 va 0,0447 d6i
v6i du bao tong cac khoan vay; 2,9291x107; 4,2898; 1,9158x107; 0,9932 va 0,0585 ddi du béo tong tién giri
huy dong. M6 hinh dugc danh gia 13 tt khi cac gia tri RMSE, MAPE, va MAE nho, R gan gié tri 1 va Theil s
U gan gia tri 0. Trong Béang 2, cac gia tri t6t nhat di véi mdi chi sé dugc in ddm va nghiéng. D& dang nhan
thidy mé hinh dy bao dua trén k¥ thuat RF 12 mé hinh t6t nhat (9 tiéu chi tot nhat trong 10 tiéu chi). Hiu hét
cac mo hinh dya trén k¥ thuat tri tu¢ nhan tao déu cho két qua chép nhan duoc.

Béang 2: Cac chi s6 danh gia ctia cdc mé hinh du bao

Diu ra dy Mo hinh RMSE MAPE MAE R Theil’s U
bio (x107) (X107

Téng cac ANN-MLP 2,1110 1,6432 1,4185 0,9943 0,0464
khoan vay RF 2,0276 1,4467 1,4044 0,9948 0,0447
RBF 2,3602 1,5406 1,4713 0,9931 0,0517
MLR 2,7020 16402 1,685 09947 __ 0,0574
Téng tién gui ANN-MLP 4,2323 4,5217 1,9736 0,9871 0,0862
huy dong RF 2,9291 4,2898 1,9158 0,9932 0,0585
RBF 3,9472 5,2293 2,3105 0,9897 0,0804
MLR 3,3857 5,1542 1,9081 0,9931 0,0686

Céc Hinh 5 dén Hinh 12 thé hién muc d6 phu hop giita gia tri thuc té va gia tri du bao boi cac mo hinh
dua trén k¥ thuat tri tué nhan tao da phat trén cho viéc du bao tong cac khoan vay va tong tién gtri huy dong.
Trong mdi hinh, thé hién gia tri thuc té va gia tri du bao dugc, gia tri 18i va phan bd do léch chuan cua gia
tri 10i.

Hinh 5: Dy bao tong cac khoan vay bing ANN-MLP

<10® Dy bao tdng cdc khoan vay bang ANN-MLP
i T T l

T T
* + G i thye 1
12 + + Gl tridyr b ||

Chi s6 mau dir ligu

i 1% 25 Phan bé 4§ I§ch chudn cua gia trj 16i
* G 6
* . 201
0.5 ™y *
A ¢ v, 15
Sy -
0 g, & P W 0l
W A T ey Py %,
. * ¥ * 0]
- ¥
05
5 b
*
P ] L olm 1 I
] 50 100 150 -5 1] 5

o
Viéc so sanh cac gia tri thuc té va gia tri du bao ctia cac mo hinh ciing duoc thé hién qua biéu dd phan tan
trong Hinh 13 va Hinh 14. Biéu d phan tan thé hién mdi twong quan giita hai tap gia tri thuc té va gia tri
du bao béi cac mo hinh. Trong hinh v&, dudng thiang 1:1 thé hién gia trj thuc té va gia tri du bao tring nhau.
Néu tap cac gia trj thuc t& va gia tri dy béo tap trung quanh dudng thang 1:1 thi gia tri du bio gan voi gia tri
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Hinh 6: D bio tong cic khoin vay bang RBF

12 %108 Dy bdo téng cdc khodn vay bing RBF
T T T T T
i
10 - + * #*  Gia tri dw bao |

¥ +

%108

Chi s6 mAu dir ligu

Phan b6 dé léch chudn cla gia tri 16i
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Hinh 7: Du bao tong cac khoan vay bang RF
1 x108 D bdo tdng cac khodn vay bing RF
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Phén bd d6 léch chuén cia gid tri 16

%107

thue té. Quan sat Hinh 13 va Hinh 14 nhan théy gia tri du bao boi mo hinh RF va gia tri thyc té tuong dbi
khép nhau do cac diém tap trung gan nhau va co thé v& duge mot dudng thing di qua cac diém nay. Didu
nay thé hién mdi twong quan 14 rat manh.

Dua vao cac két qua thu dugc, co thé két luan réng mé hinh dya trén thuat toan RF cho két qua tin cdy va
chinh xé4c cao nhat. Do d6, v&i bo dit liéu da thu thap duoc, ky thudt RF co thé dugc ung dung trong vi¢c du

bao hoat dong cua céc ngan hang.
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Hinh 8: Dy bdo tong cic khoin vay bang MLR

5 «10% Diy bao tong cac khoan vay bang MLR
- . : . . -
. + G trithgeté
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Hinh 9: Dy bio tong tién giri huy dong bing ANN-MLP

<108

Dw bao tdng tién giri huy dong bang ANN-MLP
T T T T
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Hinh 10: Dy bso téng tién giri huy dong bing RBF

Dw bao tong tién giri huy déng bing RBF
T T T T T T
ks
+ * N
¥ + * 4

Chi s6 mAu dir ligu
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Hinh 11: Dy béo tong tién giri huy dong bing RF
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Hinh 12: Dy bso tong tién giri huy dong bing MLR

< 10® Diy bédo tong tién gl huy déng bing MLR
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Hinh 14: Biéu d6 phén tan ciia cAc md hinh khi dy bao tong tién giri huy dong

6. Két luan

Hinh 13: Biéu d6 phan tin ciia cac md hinh khi dw bao tong cic khoin vay

Dy bao téng cac khoadn vay

D béo téng tién gt huy déng
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Du bao hoat dong ngan hang la mgt linh vyc nghién ctru thu hit sy quan tdm cia nha quan ly, nha diéu
hanh va nha phan tich dit liéu vi tinh img dung cao ctia két qua du bao. Trong nghién ctru nay, tac gia da phat
trién cac mo hinh dy bao hoat dong ciia ngan hang thong qua du béo hai chi s6 dau ra tong cac khoan vay
va tong tién giri huy dong chinh dua trén cac thuat toan rimg ngau nhién RF. Mot s6 k¥ thuat tri tué nhan tao
khac bao gdm ANN-MLP, RBF va hdi quy tuyén tinh MLR ciing duoc sir dung. Két qua thuc nghiém dya
trén céac chi ti€u danh gia da khéng dinh réng mo hinh du bado dua trén thuat toan RF cho d0 chinh xac du

bao cao nhat va tin cdy nhat.
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Do han ché vé mit sb liéu nén cac yéu t6 khac anh huong dén hoat dong ciia ngan hang nhur chi s6 6n
dinh chinh trj va tinh hinh kinh té thé giéi chua dua duoc vao mé hinh dy béo. Hudng nghién ciru tiép theo
s& 1 nang cap cac md hinh da duoc xay dung trong bai bio thanh mot hé hd tro, tu vén ra quyét dinh hoan
chinh phuc vu cho du bao gia ciia mot sé mat hang, bao gdm cac thanh phan: hé thong may tinh, co s¢ di
liéu, quan Iy mé hinh, quan 1y co s tri thirc, giao tiép véi ngudi ding. Pong thoi can tiép tuc bo sung thém
céc dau vao khac c¢6 thé anh huong dén sy hoat dong cuia cac ngan hang. Pé ting d6 chinh xac du bao cta

cac mo hinh, viéc di€u chinh va lya chon cac tham s6 cling can dugc xem xét.
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