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Toém tat:

Trong thoi dai khoa hoc — cong nghe khdch hang chi véi mét tam the tin dung c6 thé thanh
toan toan bg cdc hoat dong mua sam cua minh mét cach nhanh chong va tién lgi bat ké dang
0 vi tri nao. Tuy nhién, bén canh sw tién lgi thi ciing di kem theo o hong vdi cdc moi de doa
Vé ton that tai chinh. Nguoi ban khéng thé kiém tra nguoi mua c6 phai chu thé hay khéng boi
Vi ¢ thé va chi the déu khdong can thiét cé mdt tai thoi diém giao dich. Do do ma viée gian
Idn thé tin dung ngay cang tro nén phé bién voi nhiéu cach thire khdce nhau. Trong bai viét nay
cdc tde gia tdp trung phdt hién gian lgn thé tin dung bdng cdc phwong phdp ciia hoc may 1a
mo hinh mang no ron nhéan tao va mé hinh mdy vec-to hé tro va so sanh mikc dé hiéu qua cua
hai phirong phdp véi bé dit liéu Paysim. Két qua cho thdy mé hinh mang no ron nhén tao phdt
hién voi do chinh xdac cao hon ( 99%) .

Tir khéa: Gian lan the tin dung. hoc may, mang no ron nhan tao, may vec-to hé tro.

Ma JEL: C38, C45, B26

Using machine learning to detect frauds involving credit card use

Abstract:

With the development of information technology, modern customers can make payments for
any purchase with no barriers. However, it also brings about some potential financial harms.
In fact, the seller cannot check whether the buyer is the cardholder due to the fact that both of
them are not necessarily to be present at the place of purchase. Accordingly, frauds involving
credit card use are becoming increasingly. In this study, we focus on how to detect this kind of
Sfraud with machine learning, namely Artificial Neural Network and Support Vector Machine
modes. Then, some com-parisons between the effectiveness of the two methods with the
Paysim dataset. The results showed that the artificial neural network model was better with
an accuracy of 99%.

Keywords: Artificial neural network, credit card fraud, machine learning, support vector

machine.
JEL Codes: C38, C45, B26

1. Gi6i thiéu va tdng quan nghién ctru

Gian lan thé tin dung 1 hinh thirc su dung cac céng nghé cao dé danh cip thong tin thé tin dung (nhu
visa, ATM, MasterCard...) tir ngudi s¢ hiru khac dé thuc hién cac giao dich tai chinh, ngén hang. Hai co ché
chinh dé tranh gian 1an va tén thét do céc hoat déng gian lan 1a phong chéng gian 14n va hé théng phat hién
gian lan. Phong chéng gian 1an 1 chu dong vo hiéu hoa sy xuat hién cia gian lan. Hé thong phat hién gian
lan phat huy tac dung khi nhiing ke itra ddo vuot qua céc hé théng phong chéng gian lén va bat dau thuc
hién mot giao dich gian 1an. Theo dé, muc tiéu cua cac hé théng phat hién gian lan la kiém tra moi giao dich
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c6 kha ning 1a gian lan bat ké cac co ché phong ngira, va dé xac dinh nhung ke lira dao cang nhanh cang tot
sau khi ké lira ddo bit dau thuc hién mot giao dich gian 1an. Bai danh gia vé hé thong phat hién gian lan c6
thé duoc tim thy trong cac nghién clru cua Bolton & Hand (2002), Kou & cong sy (2004), Phua & cong su
(2005), Sahin & Duman (2010).

Gian 1an thé tin dung c6 thé duoc thyc hién bing nhleu cach nhu trém cip don gian, cac ing dung gian
lan, thé g1a gian lan truc tuyén.. Trong ltra do trwc tuyén, giao dich dugc thuc hién tir xa va chi can cac
théng tin vé the. Mac du cac co ché phong ngura nhu chip va pin lam giam céc hoat dong trom cap don
gian, thé gia, nhung sb luong gian lan truc tuyén van ting nhanh chong gay nén t6n that rat 1on vé tai chinh
nguyén nhan la do viéc sur dung thé tin dung ngay cang pho bién. Nhiéu bao cdo nhu Leonard (1993) va
Ghosh & Reilly (1994) cho thay cac khoan that thoat 16n ¢ cac quéc gia khac nhau. Theo béo cdo cua Visa
vé cac nudc chau Au, khoang 50% cua toan bo gian 1an thé tin dung thua 16 trong nim 2008 la do glan lan
truc tuyén (Visa Inc., 2008). Phat hién gian 1an 12 cong viéc khong hé dé dang nhung né la van dé cép bach
can duoc giai quyét. Mot trong nhimg nguyén nhan gay nén kho khan trong viéc phat hién glan lan the tin
dung 12 bo dir lidu vé g1a0 dich khong duoc cung cép va két qua bi kiém duyét. Bat chap nhiéu kh6 khan
cac nha nghién ctru van né luc dé tim kiém va tdi uu hoa cac mé hinh nham nang cao viéc phong chéng va
phat hién gian Ian. Phuo‘ng phép thuong duge sir dung dé phat hién gian lan la sir dung cac thudt toan cua
hoc may ma tiéu biéu la mang no ron nhan tao va may vec-to hd trg. Nhirng ky thudt nay co thé thuc hién
doc lap hoac két hop lai v6i1 nhau tao nén cac phuong tién phan loai va phat hién céc giao dich bat thuong.
Dir ligu qua khir vé the tin dung duoc su dung dé tao thanh mot kho du liéu dai dién cho ho so nguoi dung
cua khach hang. Nhung ho so nay bao gom céc bién, mdi bién trong sé d6 tiét 16 mot dic tinh hanh vi cua
khach hang. Nhirng bién nay co thé cho thay thoi quen chi tiéu cua khach hang, vi tri thyc hién giao dich,
ngay gid giao dich. Sau dé, cac bién nay dugc dung dé xay dung mt mé hinh trong cac hé théng phat hién
gian lan. S& co sy bao dong nhirng giao dich bét thuong khi ma c6 sai Iéch dang ké tir giao dich mai véi céac
giao dich qua khit trong hd so ctia khach hang.

C6 rét nhiéu nghién ctru duge thuc hién vé phat hién gian lan thé tin dung: Shen & cdng su (2007) chung
minh sy hi€u qua cua cac md hinh phan loai cho van dé phat hién gian 1an thé tin dung va tac gia dé xuét ba
mo hinh phéan loai la cay quyét dinh, mang no ron nhan tao va hdi quy logistic. Trong ba m6 hinh thi mang
no ron nhan tao va hoi quy logistic vuot troi hon cy quyét dinh. Islam & cong su (2007) dé xuat khung ly
thuyét xac suét: ly thuyét Bayes, phan loai Bayes don gian, phan loai k hang x6m gan nhat duoc thuc hién
va ap dung cho bo dir liéu hé thdng the tin dung. Sahin & Duman (2011) di trich dan nghlen clru vé phat
hién glan ln thé tin dung va su dung bay phuong phap phén loai khac nhau, trong d6 bao gom moé hinh cay
quyét dinh va may vec-to hd tro dé giam i ro cua cac ngan hang. Sahin & Duman da dé nghi mang no ron
nhén tao va hoi quy logistic 1a mo hinh hiru ich hon dé cai thién higu sut trong viéc phat hién cac gian lan.

Tat ca nhirng ngh1en clru trén day 1a nén tang co s6 ly thuyét virng chéc cho nghién clru nay cua cac tac
gia. Trong khuén kho bai viét, ngoai viéc minh hoa tng dung cua hoc may thong qua sur dung hai mo hinh
mang no ron nhan tao va may vec-to hd trg dé phat hién gian 1dn voi b dir liéu Paysim, céc tac gia con tién
hanh so sanh hiéu qua cua hai phuong phép tao diéu kién linh hoat cho cdc nha quan ly lira chon phuong
phap hiéu qua trong viéc phat hién gian 1an tranh nhimng ton that to 16n do viéc lira déo, gian lan the tin dung
gay ra

2.Co 6 ly thuyét va phwong phap nghién ciru

2.1. Hoc mdy

Hoc may (Machine Learning) la mot phuong tién trong tri tu¢ nhan tao, s dung céc thuat toan cho phép
mdy tinh c6 thé tu hoc tir dix liéu dé giai quyet nhitng van dé cu thé nhu 1am cho may tinh c6 kha nang nhan
thirc co ban cta con ngum (nghe, nhin, hiéu, gidi toén,...) va hd trg cho con nguoi xu ly moét lugng thong tin
khong 16 phai ddi dién hang ngay (Vi Hiru Ti¢p, 2018). Hoc may dong mat vai tro quan trong trong nhiéu
nganh khoa hoc va cac ung dung cta né la mot phan trong cudc song hang ngay cua chung ta. Hoc may duoc
sir dung dé loc thu rac dién tu, dé du doén thoi tiét, trong chan doan y té, khuyén cdo san pham, nhan dién
khuén madt, phat hién gian lan thé tin dung, v.v.

Dua vao tinh chat cua tap dir liéu, cac thudt toan cua hoc may co thé phéan thanh 2 nhém co ban d6 1a: hoc
¢o giam sat (supervised learning) va hoc khong giam sét (unsupervised learning). Hoc ¢6 giam sat bao gbém
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cac thudt toan‘dua cac dit liéu du vao (input) thanh cac lgét qua dau ra (labe}) twong tmg. Pau vao phaj biét
trude gia tri dau ra tuong ‘L'rng cua chung va dugc dung dé du doan gia tti bién dau ra hay con goi 14 bién tra
1¢1. Ty thude vao bién dau ra la rc‘y‘i rac hay lién tuc ma chung ta co thé phan biét hai nhiém vu duqa giam
sat: phan loai (c‘lassiﬁcation) hay hoi quy (regression). Phat hién gian lan thé tin dung thudc nhém dﬂau ti(?n
badi vi két qua dan rala quan sat cac giao dich la cua chi thé hay 1a ltra ddo trong khi do du baa gia ¢0 phiéu
thi thuéc nhom hoi quy do bién dau ra la 1a bién lién tuc. Tuy nhién trong ca hai nhom thi bién qau vao co
thé 1a lié‘n tuc hodc roi rac. Dit 1iéu trong Cac tl}uét toan thuQc nhanh hoc’kh()ng giam sat chi ¢d dau vao ma
khong can dau ra. N6 dugc sir dung cht yéu dé kham phé cau triic va moi quan hé dir ligu.

Mot s6 thudt toan sir dung phd bién dé phat hién gian 1an thé tin dung hién nay:

. Mang no ron nhén tao (Artifical Neural Network)

e  Rimg ngiu nhién (Random Forrest)

. Logic m¢ (Fuzzy Logic)

. May vee-to hd trg (Support Vector Machine)

e Mang Bayesian (Bayesian Network)

. K lang giéng gin nhét (K-nearest neighbor)

° M6 hinh Markov an (Hidden Markov model)

° Hbi quy Logistic (Logistic Regression)

Trong bai Yiét nay, ching t6i chi tap trung vao hai thuét toan: Mg‘) hinh mang no ron nhan tao va mé hinh
may vec-to ho trg béi vi chung phi hgp va dem lai hiéu qua cao d6i véi b dir liéu duge chon nghién cuu.

2.2. Mé hinh mang no ron nhin tao (Artifical Neural Network model)

Mang no ron nhin tao 1a mé hinh tinh toan dugc mé phong dya trén hoat dong cua mang no ron sinh hoc.
N6 bao gom sé lugng 16n cic no ron don 1é gin két véi nhau, xir ly thong tin bang cach truyén cac két néi
va tinh céc gia tri mdi tai cac niat. C6 3 tang trong mang no ron nhan tao la: tang vao (1nput layer), ting an
(hldden layer) va ting ra (output layer). Tang vao biu di&n thong tin dau vao, tang an goém cac nut nhan ma
tran dau vao tir ting trudce, két hop véi trong s6 cung v01 ham kich hoat phi tuyén nhu sigmoid, tanh dé co
duogc két qua tAng ra. M6 hinh mang no ron nhén tao gdm 2 qué trinh tinh toan co ban la: Lan truyén tién va
lan truyén nguoc. Qua trinh suy lun tir ting vao cho t6i ting ra 1a qua trinh lan truyén tién (feedforward),
tirc 1a qua trinh nay chi c6 chiéu hudng cac no ron & cling mot ting iy thong tin tir ting trudc ma khong cé

chiéu nguoc lai: @

a’=x

D = Whgth 4 p l:I,_L (1)
a = £0z")
j=a®

O day x 1a du vao, W trong sb twong tmg & ting thir 7, 5" hé s6 diéu chinh (bias) & tang / hay con goi
1a mot ngudng quyét dinh dau ra. Ham f “"1a ham kich hoat phi tuyén. Ham kich hoat thuong dung nhit 13
ham Sigmoid f(z)=——— (2) Vi dd thi can ximg thé hién mirc d6 cong bang dbi voi céc tham s0.
chinh 1a dau ra du doén.

Lan truyen nguoc {back propagatlon) 1a phwong phap dé tinh dao ham ctia ham mét mat tir tAng cudi cling
dén tang dau tién. Tang cudi cung duoc tinh toan trude vi nd anh huong truc tiép dén déu ra. Ham mét mat
dat gla tri nho khi d4u ra du doan gén véi dau ra thue su. Ty theo muc dich 12 phan loai hay héi quy ta co
thé thiét k& ham mét mat phi hop. Gia sir ham mét mat J(W,b, X,Y) véi W, b lan luot 1a ma tran trong s6
va diéu chinh. X, Y 1a cap dit liéu cua tap hudn luyén.

Pao ham riéng ctia ham mat mat theo mét thanh phin ma tran trong sd cta ting dau ra L:

aJ o oz )
awtijL) azk(fL) aWEJL)
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Véi i'_T:a_(H) (4) boi vi z WWT (L- ”+b‘“ (5) va 6_‘]) thuong 1a mot dai luong
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khong kho dé tinh toan. Dbi voi dao ham riéng theo trong s6 & cac tang / < L , bang quy nap nguoc tir cudi:
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Trong d6 @ = ((W“ 1>)r — ]ﬁ (7) véi aa(‘ljl dugce tinh ¢ vong 1ap ngay trudce do.

2.3. M6 hinh may vec-to hé trg (Support Vector Machine Model)

May vec-to hd trg (Support vector machine, SVM) 1a mot thuét toan hiéu qua, dac biét khi tinh toan trén
b6 dir liéu 16n v6i muc dich 1a phan chia dir li¢u thanh cac nhom riéng biét.Y tudng cua SVM la di tim mot
siéu phang phan téch di liéu tot nhat. Goi khoang cach nho nhat tir mt diém thude mot 16p dén mit phan
chia la 1& (margin). Can tim mgt siéu phang sao cho 1& cua hai 16p 1a nhu nhau. P rong cta I& cang 16n thi
kha nang phan loai 16i cang thap. Do d6 bai toan t6i tru trong SVM chinh la di tim siéu phang phén chia ¢6
1& 16n nhét (Vi Hiru Tiép, 2018).

Bai toan téi wu cua SVM la di tim w,b sao cho 1é dat gia tri 16n nhét

Béi vi khoang cach tir mdi diém dén mat phan chxa khéng d6i, nén ta co thé gia st véi nhimg diém gén
mit phén chia nhat théa man diéu kién:

(w,b) =argmax{—-—miny (w' x +b)} (8)

vm(wr x,+b)=1 (9)

Bai toan tdi wu bay gior c6 thé dua vé dang t6i rru c6 rang budc
1
(w,b)=arg max — ’

v, (w' x n+b)21,‘v’n:1,_N

(10)

Day la bai toan quy hoach toan phuong véi ham muyc tiéu la ham 161 chat. Tuy nhién, khi sb chiéu cua
khéng gian dit li¢u va so diém dir liéu N l6n, ta thudng phai giai quyét thong qua bai toan d6i ngau ctia bai
todn nay va str dung phuong phép nhan tr Lagrange. Luc nay bai toan doi ngiu Lagrange di tim céc gia tri
A thoéa min:

A= arg max z A, —-= 2 Z AA Yy xx (1)

n=l nlml

A20

bat §={n:4, # 0} va N, la s phan tir ciia S. Sau khi tim dugc A thi ta ¢6 céc tham sé:

=Y Ay.x, (12)

meS
b=y, -w'x, (13)

Oday (x,,, ) ladiém dir liéu bat ky nao d6 nim trén dudng bién gdc, ta con goi Support Vector (vec-to
ho trg). Trong thuc te b thuong duoc tinh bang trung binh cong cia cic b theo mdi ne S vi 6n dinh hon

S6 285 thdng 3/2021 79 hinh tePhat trien




trong qua trinh tinh toan:

1 |
b = FZ()/” —WTX”) = VZ[-V” - 2 j’mymxli;;xn ] (14)

s nes s neS meS
Khi d6 mdt diém cua dir liéu sé dugc phan loai dya vao dau cua biéu thuc:

2/1 v x x+b (15)

"1 10 m
neS

2.4. Ung dung ctia mé hinh mang no ron nhéan tao va mé hinh mdy vec-to hé trg phdt hién gian lin
thé tin dung

2.4.1. Thu thap dir liéu

Trong thuec té thi rat kho thu thap dwoc dit liéu thue mé ta hanh vi khach hang giao dich thong qua thé tin
dung boi vi no la cac thong tin bao mat cua ngan hang. Vi vay, dir liéu trong nghién ctru péy dugc céc tac
gia su dung la Paysim. Paysim la mét bd dﬁj liéu cua Edgar & cong su (2016) duoc tao bang trinh gia lap.
D igu dugce tong hop tir bo dir liéu ri,éng dé tao thanh bo div liéu gidng véi hoat dong binh thudng cuia cac
giao dich, trong d6 ¢6 cac giao dich bat thuong, gian 1an. Dir liéu mo phong cac giao dich trén dién t‘hoai di
dong dua trén mdt mau cac giao dich thuc duogc trich tir nhat ky tai chinh thang cua mét dich vu tién dién
thoyai di dong duogc tbuc hién 0 mot quoc gia chau Phi. Nhit ky ban dau duoc cung,cép boi1 mot C(‘)ng’ ty da
quoc gia, nha cung cap dich vy tai chinh di dong hién dang'hoat dong tai hon 14 quécy gia trén toan thé gidi.
Tuy nhién. bd dir liég kha 16n nén ¢ day tac gia chi trich xuat 55% tir bo dir lidu goc dé thue hién nghién ctru
trong pham vi bai viét nay.

Mot s6 bién trong dir li¢u:

. StepMaps: don vi thoi gian, 1 budc la 1 gio.

¢  Type: Céc loai hinh giao dich: CASH IN (tién vao). CASH OUT (tién ra), DEBIT (ghi no),
PAYMENT (thanh toan), TRANSFER (chuyén khoan).

. Amount: lugng tién trong mdi 1an giao dich (ngi té).

° NameOrig: Nguoi thuc hién giao dich.

. OldbalanceOrg: Sé du tai khoan gde trude khi giao dich.

o NewbalanceOrig: S$6 du tai khoan gde sau khi giao dich.

° NameDest: Nguoi nhan giao dich.

o OldbalanceDest: S6 du tai khoan cua ngudi nhan trude khi giao dich.

. NewbalanceDest: S6 dur tai khoan cua ngudi nhan sau khi giao dich.

° IsFraud: Xac nhian mot giao dich ¢6 gian 1an hay khéong (0 1a binh thuong, 1 1a giao dich gian lan).

Hinh 1: Giao dich gian 1an xay ra véi cac hinh thire giao dich

G.ac cich ganiar xay ra vo, Lad hirkthut Gido cich

4t

Nguon: Cdc tdc gia thiee hién
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Hinh 2: Lwong tién lién quan dén giao dich gian lan

Tai khodn géc trudrc khi thuc hién giao dich Tai khoan cta nguoi nhan giao dich trugc giao dich

‘
|
|
!

i

log1p(oldbalanceCrg)
log1piovidbalanceDest)

1sFraud isFraud

Nguédn: Cdc tdc gia thue hién

e IsFlaggedFraudflags: Chuyén bat hop phap hon 200,000 trong mét giao dich.

Cac bién tham gia vao mod hinh mang no ron nhéan tao va may véc-to hé trg: Amount, OldbalanceOrg,
NewbalanceOrig, OldbalanceDest, NewbalanceDest, IsFraud.

Trong s6 lugng giao dich 574255 lugt ¢6 271 luot gian 1an chiém 0.05%, trong d6 chi ¢6 2 loai hinh giao
dich bi gian lan (lira dao, trom cap) la Cash out (tién rut ra) va Transfer (chuyén khoan) (xem Hinh 1).

Phén 16n & cac giao dich gian 1an: sb dir ctia tai khoan ngudn bj danh cép cao hon sd du & nhimg tai khoan
ngudn khong bi danh cip. Trong khi d6 & tai khoan duoc chuyén tdi thi s tién giao dich gian 1an duoc
chuyén t&i cac tai khoan c6 s6 du thap. Didu nay ciing dung thuc té, nhitng tai khoan nhiéu tién hon mat bing
chung thuéng bi danh cip chuyén qua nhitng tai khoan it tién hon (so voi mat bang chung) (xem Hinh 2).

V& thoi gian xay ra giao dich gian 1an: Dua vao dd thi c6 thé thdy khung gid tir 00 gitr dén 07 gid cac giao
dich thong thuong rat it xay ra. Nhung d6 lai 1a thoi diém giao dich gian 14n xay ra cao nhat (xem Hinh 3).

2.4.2. Phuong phap nghién ciru

Tir b dir li€u tac gia da su dung cac thut toan hoc may khac nhau dé phat hién gian lan trong hé théng
thé tin dung: Mang no ron nhan tao, may vec-to hd trg. Tir d6 x4c dinh thuat toan phu hgp nhét dé xac dinh
gian lan, ddng thoi so sanh hidu qué cua hai phuong phap trén co s¢ do luong dinh lwong ching han nhw d6

Hinh 3: Thoi gian giao dich dugc phéan theo nhom giao dich binh thwdong
va giao dich c6 xdy ra gian lin
S0 giao dich tai cac gio khac nhau
SRaile 'i

$6 giao dich

haur

S0 giac dich giar lan tai cac gio khac nhau

$6 giao dich gian lan

Nguon: Cdc tac gia thiee hién.
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Hinh 4: M6 hinh mang thin kinh cho tip dir liéu thu dwoc

Amount

* .
RISDR M usFraud

mesbaanceDgr

Nguén.‘ Cdc tdc gia thiee hién

chinh xac, ty 1é 16i, d6 nhay. do dic hiéu.

Cac budce duge xir ly dé phat hién thuat toan tdt nhat cho tap dir 1iéu da cho:

o Buoce 1: Poc dir liéu va kham pha di liéu.

o Budce 2: Liy mau ngau nhién trén tap dir liéu dé lam can bang dir liéu.

e Budc 3: Chia tap dir liéu thanh hai phén, tap dir liéu hudn luyén va tap kiém tra va so sanh két qua
du bao.

. Budc 4: Cho chay bd dir 1iéu véi mé hinh mang no ron nhan tao va mé hinh may vec-to ho tro.

° Budc 5: Tinh d chinh xac va vé& mo hinh danh gia dé chinh xac cua phép do lién tuc.

. Budc 6: Lfiy thuat toan tot nhat dua trén hiéu qua voi tap dir liéu da cho.

Trong bai nghién ciru ndy cac tac gia da sir dung phan mém R dé phan tich dir liéu va thue hién cac bude
trén.

Hinh 5: Mirc d§ quan trong ciia cac bién trong mé hinh mang no ron nhan tao

.l
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Hinh 6: D6 Thi biéu dién d chinh xéc ciia md hinh M4y vec-to hd trg
AUC: 0.891

1.0

08§

Sensitivity
06

0.4

02
i

0n

T I T T T T
10 08 06 04 0.2 0.0

Specificity

Nguon: Do cdc tdc gid thic hién.

3. Két qua nghién ciru

Dir liéu huén luyén: léy 80% tu tap dit liéu (459404 lugt giao dich).

Dit liéu kiém tra: phén con lai tur tap dir lidu (114851 lugt giao dich).

Dé danh gia va so sanh hiéu suit ciia hai mé hinh nghién ctru, céc tac gia da sir dung cac thong sb sau:
TP+TN

D9 chinh xac dugc tinh theo cong thic sau: TP+ FP+FN +TN’ trong d6 TP (True Positive) 1a dirong
tinh thdt, TN (True Negative) 1 4m tinh that, FP (False Positive) 1a duong tinh gia, FN (False Negative) la
am tinh gia. TP la sb luong giao dich thyc su 1a gian lan va cling dugc phén loai (ding) 14 gian 1an. FP la )
lugng giao dich binh thuong nhung duoc phan loai (sai) 14 giao dich gian 1an. 7N la $6 lugng giao dich binh
thuong (khong gian 14n) va ciing dugc phén loai (ding) 1a giao dich binh thudng. FN 12 sé giao dich gian lan
va dugc phan loai (sai) 1a giao dich binh thuong. Nhu vy d6 chinh xéc ¢ day chinh 13 ty 1é cac truong hop
phan loai dang trén tong sb cac trudng hop phén loai.

M5 hinh mang no ron nhén tao da tao ra 114799 sé dwong tinh that va 4m tinh that trong tong s6 114851
luot giao dich dugc dung dé phan loai. Do d6 mé hinh nay ¢ @6 chinh xac dén 99%. Mtc do quan trong
ctia cac bién trong mé hinh mang no ron than kinh duoc biéu dién & hinh 5 va qua d6 ciing cho ta thdy luong
tién giao dich 1a bién quan trong nhat dé du bao va phat hi¢n gian 14n.

V&i mé hinh may vec-to hé tro duoc thé hién dudi dang mé hinh danh gia d6 chinh xac Hinh 6.

Trong d6 do nhay (sensitivity) la ty 1é cua nhitng truong hop duge phan loai gian 1an ding vai tong sb
cac truong hop gian 14n cia mau nghién ciru. DO nhay zm . D6 nhay 100% (hay 1a 1 theo db thi) co

R +
nghia 13 toén b cac giao dich gian ldn déu duoc phat hién. Tuy nhién mot minh d nhay khéng cho ching ta

biét toan bo thdng tin vé mé hinh boi vi 100% do nhay c6 thé ¢6 duge néu ta gan cho toan bé céc giao dich
déu la gian lan. Do 46 chiing ta can biét thong tin vé do dic hiéu cua mé hinh.

b6 dac hi€u (specificity) 1a ty 1¢ giira nhimg trudng hop giao dich binh thuong duoc phan loai dung va
N

tong sé nhitng trrong hop giao dich binh thuong ctia mau nghién ciru. D6 dac hiéu =—————.
TN +FP
Biéu d6 ROC (receiver operating characteristic) mo ta méi lién hé gitra d6 nhay va d¢ dac hiéu, thuong

duoc dung dé danh gid mot phuong phap hay mo6 hinh tién lwgng.
Dua vio d6 thi hinh 6: Dién tich dudi duong cong ROC (con goi area under the curve, AUC) 12 0,891. Chi
s6 do nhay, dac hiéu hay AUC phan anh d6 chinh xac ctia mo hinh may vec-to hd trg. So sanh hai mé hinh
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vOi hai giai thuat khac nhau, dé thiy mé hinh mang no ron than kinh cho két qua phat hién gian 14n véi d6
chinh xac cao hon (99%) vé&i bd dir li€u nghién ctru.

4. Két luan

Viéc phat hién gian 14n thé tin dung ludn 1a cong viéc khong hé d& dang dic biét trong doi dai bing nd
cong nghé va viéc st dung thé tin dung ngay cang pho bién nhu hién nay. Céc hinh thic gian 1an thé tin
dung ngay cang tinh vi hon, bét budc cac md hinh dé phat hién gian 1an ciing cai tién va dem lai hiéu qua
cao, ning cao do chinh xac va giam bot rii ro tdn thét tai chinh do gian l4n thé tin dung dem lai. Bai nghién
clru ndy ciia céc tic gia mot 1an nira khing dinh g dung rit 16n clia cac giai thudt may hoc trong phat hién
gian l4n thé tin dung véi dir liéu m6 phong bd dit liu thuc ddng thoi cung cép nhimg bién cu thé cho md
hinh nghién ctru, cai ma nhitng nghién ctru trude khong co nhéc dén. Két qua cho thdy mé hinh mang no ron
than kinh cung cdp kha ning phat hién gian lan dén 99%.V4i két qua nay s& gitip cac nha quan 1y lya chon
cac md hinh linh hoat hon nhdm nang cao kha nang phat hién gian l4n thé tin dung, gép phin giam thiéu tén
that tai chinh va tdi tu hoa 1am lgi nhuan.
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