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Forecasting financial distress is one of the important tasks in enterprise
risk assessment. In this study, the authors apply machine learning
algorithms to predict the financial distress and consider factors
affecting financial distress ability of Vietnamese companies. This article
uses data of 657 listed companies on the HOSE and HNX over the
period of 2009-2022 with six algorithms, including Logistic Regression,
KNN, Decision Trees, Random Forests, AdaBoost, and XGBoost. The
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results show that the XGBoost algorithm is the most suitable for
forecasting financial distress in Vietnam. From these results, this article
proposes some management implications and policy implications in
choosing a financial distress forecasting model and monitoring factors
affecting financial distress for the sustainable development of the
company.

1. Gigi thiéu

Kiét qué tai chinh (KQTC) duoc hiéu 1a tinh hung trong d6 mot cong ty khong thé tao ra du thu
nhap dé trang trai cac nghia vy tai chinh ctia minh (Tinoco & Wilson, 2013; Vassalou & Xing, 2004)
nhu thanh toan cac khoan vay, khoan ng hay cac chi phi khi dén han. Ké tur nhitng nam 1960, sy xuat
hién cac tinh hudng KQTC hay pha san ctia cic doanh nghiép da 1am gia ting sy quan tdm dén cac
mo hinh du bao (Aziz & Dar, 2006). Beaver (1966) va Altman (1968) la nhiing nghién ctru tién phong
trong linh vyre nay. Ké tir d6, dy bao KQTC tré thanh mét chii dé thu hut sy cht y clia nhiéu nha khoa
hoc va cac nha quan ly (Begum, 2022).

Tai Viét Nam, trai qua giai doan COVID-19, s6 doanh nghiép khong con di tai chinh dé duy tri
hoat dong ting cao. Cu thé, theo ghi nhan ctia Tong cuc Thong ké', trong quy 1/2023, s6 doanh nghiép
rit lui khoi thi truong 1a 60,2 nghin doanh nghiép. Trong khi s6 doanh nghiép dang ky thanh lap méi
va quay trd lai hoat dong chi c6 57 nghin doanh nghi¢p, giam 5,4% so véi cung ky nam 2022. Qua
d6 cho thay, dai dich COVID-19 c6 anh hudng rat 16n dén cac doanh nghiép. Tinh trang cic doanh
nghiép ngung hoat dong, roi vao tinh trang KQTC, hodc pha san co tac dong rat 1én dén nén kinh té.
Do d6, viéc phat hién kip thoi nguy co KQTC tiém 4n cta doanh nghiép 1a rat quan trong, nham dam
bao cho ching dudng phat trién lau dai ciia doanh nghiép, va gitip cac nha hoach dinh chinh sach co
nhitng dinh hudng chinh sach hitu hiéu dé hd trg doanh nghiép phuc hdi san xuat.

Mic du nghién ctru vé KQTC di duoc quan tam, tuy nhién, van con nhiéu tranh luan. Pau tién 1a
da phan cac nghién ctru tai thi truong Viét Nam déu str dung phuong phép thong ké truyén thong dua
trén cac mo hinh mic dinh duoc céc tac gia d& xuat trude day nhu: Altman (1968), Ohlson (1980),
hay Zmijewski (1984) (xem Hoang Thi Hong Vén, 2020; Lé Cao Hoang Anh & Nguyén Thu Hang,
2012; Lé Hoang Vinh va cong su, 2022; Nguyén Tra Ngoc Vy & Nguyén Vin Cong, 2013). Tuy
nhién, viéc sir dung mé hinh truyén thong van con han ché khi chua xem xét tong quét cac chi tidu tai
chinh, ma chi mac dinh mot vai chi tiéu dua trén mo hinh géc. Hon nita, cac mo6 hinh théng ké doi
hoi nhiéu gia dinh chit ché khong co trong doi thuc, bao gom cac mbi quan hé tuyén tinh, tinh dong
nhét ciia phuong sai va cac gia dinh vé tinh doc 1ap. Vi pham cac gia dinh nay c6 thé lam giam kha
nang du doan cua cac phuong phép théng ké. Tranh luan tiép theo 1a cac phuong phéap du doan KQTC
duogc st dung rong rai hon dua trén md hinh Z-score va O-score héau hét duoc thuc hién & cac nude
phat trién (Altman, 1968; Beaver, 1966; Ohlson, 1980; Shumway, 2001). Diéu quan trong can luu y
1a cac nudc phat trién c6 co cdu kinh té khac nhau, tha tuc pha san rd rang va luat phap lién quan dén
pha san dugc xac dinh rd, trong khi cac nudc dang phat trién va kém phat trién lai thiéu diéu nay. Do

Tham khdo thém tai dudng dan: https://www.gso.gov.vn/du-lieu-va-so-lieu-thong-ke/2023/03/bao-cao-tinh-hinh-kinh-te-xa-hoi-
quy-i-nam-2023/
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d6, du bao KQTC bang cach sir dung Z-score ciia Altman (1968) hodc O-score ciia Ohlson (1980) co
thé khong hiéu qua dbi véi cac nude dang phat trién vi nhitng mo hinh nay duoc xdy dung danh cho
céc nue phét trién.

Trong nhimng nim gan day, thuat toAn Machine Learning da dugc sir dung rong rii trong linh vuc
du bao KQTC (Zeng va cong su, 2020) va thu hat dugce nhiéu su cht ¥ cua gidi hoc thuat (Begum,
2022; Heo & Yang, 2014; Kim & Upneja, 2014; Shetty va cong su, 2022; Sun va cong sy, 2011). Tuy
vay, Machine Learning van chua duoc st dung phé bién tai thi truong Viét Nam trong cac nghién
ctru dy bdo KQTC. D6 1a mt phan dong luc thic ddy nhom téc gia thuc hién nghién ctru ndy nhim
muc tiéu du bao nguy co KQTC ctia cac doanh nghiép Viét Nam.

Nghién ciru nay déng gop cho cac tai lidu lién quan hién c6 trén mot sé diém nhur sau:

- Pau tién, nghién ciru sir dung cac thuat todn Machine Learning cho du bao KQTC dbi véi cac
doanh nghiép Viét Nam. DPay ciing 12 mot trong nhitng nghién ciru hiém hoi sir dung Machine
Learning cho dy bao KQTC tai Viét Nam. Bén canh d6, nhom tac gia su dung déng thoi nhiéu thuat
toan khac nhau va dénh gia hiéu suét dy bao ctia cac thuét todn dé tir 6 c6 dé xuét hitu ich trong viée
ap dung thuat toan dy bao td1 wu cho cac doanh nghiép Viét Nam.

- Thur hai, nghién ctru nay xem xét khoang thoi gian dai hon so voi cac nghién ctru trudce va bao
gdm ca giai doan COVID-19 (tir nim 2009 dén nam 2022) vé6i s6 lugng mau 16n hon (gém 657 cong
ty phi tai chinh niém yét trén hai san HOSE va HNX). Diéu nay giup nhom tac gia c6 duoc s lugng
cac doanh nghiép gap tinh trang kiét qué 16n hon va du bao tot hon nguy co KQTC cua doanh nghi¢p.

- Thur ba, nhitng phat hién trong nghién ctru nay sé€ la mot co s& hoc thuét dang tin cdy cho cac
nha quan 1y trong viéc diéu hanh doanh nghiép, khong chi gitip cac doanh nghiép chii dong c6 bién
phap phong ngira riii ro thong qua p dung phuong phap dé xuat dé c6 thé du bao duge nguy co KQTC
ma con gitp cac cong ty xép hang tin nhiém c6 duoc phuong phap dé du bao nguy co v ng clia cac
t6 chirc phat hanh trai phiéu trén thi truong, ciing nhu céc t6 chirc tin dung trong viéc danh gia rii ro
va ra quyét dinh cép tin dung cho cic doanh nghiép. Nghién ctru ciing cung cip cong cu canh bao
som cho cac nha hoach dinh chinh sach vé rii ro ctia cong ty dai chiing nham xay dung cac bién phap
bao vé nha dau tu ¢4 nhan trude nguy co v ng trai phiéu.

Phan con lai ciia nghién ctru cu tric nhu sau, tong quan nghién ctru dugc trinh bay & phan 2. Tiép
theo, phan 3 trinh bay vé dit liéu va phuong phap nghién ctru. Két qua nghién ctru dugc trinh bay &
phan 4, va phan 5 1a két luan.

2. Ca sd ly thuyét

2.1.  Quan diém kiét qué tai chinh

KQTC 1a mét khai niém rong bao gdm mot sb tinh hudng trong d6 cac cong ty gip kho khan vé
tai chinh. Cac qudc gia khac nhau c6 cac thu tuc, quy dinh ké toan khac nhau va dinh nghia vé KQTC
do cac hoc gia khac nhau dua ra khong phai lic nao ciing gidng nhau (Geng va cong su, 2015). Cac
thuat ngir pho bién nhat duoc sir dung dé mé ta nhiing tinh hudng nay 1 “pha san”, “that bai”, va
“mét kha nang thanh toan”. Altman va Hotchkiss (1993) di dua ra mot mo ta va dinh nghia day di
vé KQTC va chi ra rang pha san gan nhat voi dinh nghia phap 1y vé KQTC. Zmijewski (1984) dinh
nghia KQTC 14 hanh dong nop don xin pha san. Tuy nhién, nhiéu cong ty gip kho khin vé tai chinh
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khong bao gio nop don xin pha san do mua lai hodc tu nhan hoa, trong khi cac cong ty khoe manh
thuong ndp don xin pha san dé tranh thué va cac vu kién ton kém (Theodossiou va cong su, 1996).
Wruck (1990) cho rang “KQTC la tinh trang dong tién hoat dong ctia cong ty khong du dé dap tng
nghia vu hién tai (nhu tin dung thuong mai hodc chi phi 1ai vay) va cong ty budc phai thuc hi¢n hanh
dong khac phuc”. Trong nghién cru ndy, nhom tac gia xac dinh KQTC 1a tinh hudng ma dong tién
hién tai khong di dé thanh toan cho cac nghia vu truéc mét hay khong thé dép ing hodc gap khé khan
trong viéc thanh toan céc nghia vy tai chinh. Day ciing la quan diém dugc nhiéu nghién ctru sir dung,
chang han nhu Geng va cong su (2015); Powell va cong sy (2023); Vu va cong su (2023); va
Wruck (1990).

2.2, Tong quan céc nghién citu trudc

Du bao KQTC 1a van dé da duoc nghién ctru trong nhiéu thap ky (Sun va cong su, 2011). Tir
nhitng nam 1930, Fitzpartrick (1932) da tién phong trong viéc so sanh cac ty s tai chinh ciia cac
doanh nghiép thanh cong va céc cong ty that bai. Tir d6 trg di, du bao KQTC tiép tuc dugc nghién
ctru rong rii do vai tro quan trong ctia n6 trong viéc hd tro ra quyét dinh. Beaver (1966) d sir dung
phan tich don bién dé dy bao sy pha san cta doanh nghiép. Altman (1968) d4 phat trién mo hinh Z-
score noi tiéng bang cach sir dung phan tich phan biét da bién (Multiple Discriminant Analysis —
MDA) két hop nam ty sb tai chinh. Ohlson (1980) d4 4p dung mé hinh héi quy logistic cho du bao
KQTC, mo hinh nay c6 thé chi ra kha ning xay ra KQTC. Cac mo hinh dy bio KQTC c6 thé duoc
phén loai thanh mo hinh dya trén ké toan (Altman, 1968; Ohlson, 1980; Zmijewski, 1984), m6 hinh
dya trén thj truong (Bharath & Shumway, 2008; Merton, 1974) hoic mo6 hinh hén hop (Chava &
Jarrow, 2004; Trabelsi va cong su, 2015).

Du bao KQTC budc vao giai doan bung nd vao cudi nhitng nim 1980 nhd sy tién bo nhanh chong
cua tri tu¢ nhan tao va ky thuat khai thac dit li¢u. Frydman va cong su (1985) thuc hién duy bao KQTC
thong qua cdy quyét dinh (Decision Trees — DT). Theo két qua ctia ho, k¥ thuat nay cho phép d& dang
xéc dinh cac dic diém quan trong nhit trong du bao KQTC. Odom va Sharda (1990) bat dau xay dung
mo hinh mang noron (Neural Network — NN) cho du bao KQTC. Ké tir 6, NN d4 trd thanh mot trong
nhitng phuong phap Machine Learning duoc str dung rong rai nhat cho du bdo KQTC (Odom &
Sharda, 1990; Serrano-Cinca, 1996).

Trong mot thap ky gan day, nghién ciru du bio KQTC bang Machine Learning lai cang trd nén
phd bién. Str dung dit lidu tir nam 1985 dén nam 2013, Barboza va cong su (2017) di so sanh d6 chinh
xac ctia nim mo hinh Machine Learning dé dy doan KQTC. Két qua di cho thdy cdc mo hinh truyén
thdng ¢ kha ning du doan thap hon (tir 52% dén 77%) so v6i cic md hinh Machine Learning (tir
71% dén 87%). Altman va cong su (2020) dénh gia higu qua ctia cac phuong phap wéc tinh khac nhau
trong mot mau 16n cc cong ty Phan Lan trong khoang thoi gian 10 nam. Nghién ctru di 4p dung nam
phuong phap khic nhau, bao gébm: DT, GBM (Gradient Boosting Machine), LR (Logistic
Regression), NN, va SVM (Support Vector Machine), dé du bao KQTC bang cach sir dung ca bién
tai chinh va phi tai chinh. Két qua cho thy hoi quy logistic va NN vuot trdi hon so véi cac phuong
phap khac. Begum (2022) st dung dir liéu dugc lay tir Tap chi Kinh té Dai Loan trong khoang thoi
gian 10 ndm (1999-2009). Nghién ctru ding bon thuat toan phan loai gom RF (Random Forest),
XGBoost, LR, va ANN (Artificial Neural Network). Két qua cho thiy thuat toan RF vuot troi hon
céc thuat toan khac véi diém chinh xac 13 96,53%. Mic du cac nghién ctu trén da cho théy hiéu suit
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vuot trdi ctia Machine Learning, nhung van con han ché khi chura d& cap céc yéu té nao quan trong
trong du bao KQTC.

Céc ky thuat Machine Learning ngay cang dugc phat trién voi nhitng k¥ thuat méi mang lai higu
suit du bao cao. Trong do, ndi bat nhat phai ké dén 1a thuat toan XGBoost va da duoc sir dung trong
céc nghién ciru gan day, chang han nhu trong nghién ciru cta Climent va cong sy, 2019; Huang &
Yen, 2019 va Pham & Ho, 2021. Climent va cong su (2019) st dung dit li¢u cua cac ngan hang khu
vue déng Euro giai doan 2006-2016. Két qua cho théy XGBoost ¢6 hiéu suit du bao vuot troi. Do
chinh x4c cta cac mo hinh trong nghién ciru ciia Climent dao dong tir 70% dén 90%. Huang va Yen
(2019) da so sanh XGBoost voi cac thuat toan khac nhu SVM, HACT, GA-Fuzzy, DBN, DBN-SVM,
va cho thiy XGBoost 14 tt nhét. Do chinh x4c du doan ctia XGBoost trong nghién ctru ndy dao dong
tir 82,8% dén 90,6%. Pham va Ho (2021) cho rang viéc sir dung cac thuat toan boosting trong du béo
pha san 1a mot chu d& quan trong va can duoc nghién ctru rong rai. Nghién ciru str dung ba mé hinh
12 Gradient Boosting Machine (GBM), AdaBoost va XGBoost. Két qua cho thdy XGBoost cung cip
hiéu suit dy doan tuyét déi, trong khi GBM va AdaBoost van bi sai 1&ch.

Tai Viét Nam, dy bdo KQTC ciing 1 van d¢ da dugc nhiéu hoc gia nghién ctru. Nghién ctru ctia
Lé Cao Hoang Anh va Nguyén Thu Hang (2012) du béo that bai cho 293 doanh nghiép niém yét trén
san HOSE, két qua cho thdy mé hinh Z-score c6 do chinh xac dat 91%. Nguyén Tra Ngoc Vy va
Nguyén Vin Cong (2013) d sir dung mo hinh Z-score dé du bao rii ro pha san cia cac cong ty duoc
pham trén thi truong chimg khoan Viét Nam. Lé Hoang Vinh va cong su (2022) da danh gia sy khac
biét két qua do luong gitra cac mo hinh Z-score, S-score, O-score, X-score, Z-Taffler, H-score, va G-
score. Két qua cho thay S-score 1a phit hop nhét véi ty 1¢ chinh xéac dat 86,24%. Tuy nhién, cic nghién
clru trén van sir dung mo hinh dy béo truyén thong 1a chinh. Gan day, nghién ctru ctia Truong Thi
Thiy Duong va Lé Hai Trung (2023) d4 str dung cac thuat todn Machine Learning dé du bao pha san
cho 300 doanh nghiép Viét Nam giai doan 2017-2019. Két qua cho thdy mo hinh XGBoost c6 do
chinh x4c cao nhét v6i 87% va 16i loai II 1a 10,81%. Dy ciing 1a nghiém ciru hiém hoi khi sir dung
Machine Learning du bao KQTC tai Viét Nam. Tuy nhién, nghién ctru trén van con han ché & mit sb
lugng doanh nghiép va thoi gian nghién ciru. Diéu nay ¢6 thé anh huong dén két qua nghién ciru. Hon
nira, nghién ctru ndy ciing chua chi ra dugc cac yéu té anh huéng nghiém trong dén tinh trang KQTC
clia cac doanh nghiép dé c6 co s¢ dé xuét giai phap tranh KQTC cho doanh nghiép.

3. Dir liéu va phuong phap nghién ciru

3.1.  Dirliéu nghién cieu

Dit liéu cho nghién ctru duge thu thap tir co s¢ dit liéu Refinitiv Eikon? gdm cac cong ty niém yét
trén S¢ Giao dich Chimg khoan TP. Ho Chi Minh (HOSE) va S& Giao dich Chimng khoan Ha Noi
(HNX) giai doan 2009-2022. Tiéu chi dau tién 14, cong ty lya chon phai niém yét it nhat ba nim tinh
dén 2022. Tiéu chi tiép theo 1a cac cong ty thudc linh vyc tai chinh/bao hiém/ngan hang bi loai khoi
mau nghién ctru vi co cau bang can ddi ké toan cua cac cong ty nay khic véi cau triic ciia cic nganh

2 Hién nay, cd s& dit liéu Refinitiv Eikon dugc xem 13 16n nhat va day du nhat, bao gom mét lugng 16n dir liéu vé kinh t€, quan ly
Nha nudc, dir liéu doanh nghiép, quan tri cdng ty, phan tich tai chinh va thi trudng. Tham khao thém tai https://eikon.refinitiv.com/.
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khac (Powell va cong su, 2023). Cudi ciing, cac cong ty bi thiéu nhiéu dir lidu ciing bi loai khoéi mau.
Mau dit liéu cudi cing bao gdm 657 cong ty véi 8.270 quan sat.
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Khéng Kiét qué tai chinh Kiét qué tai chinh
Bién phu thudc
Hinh 1. Phan phéi bién phu thudc

Céc cong ty KQTC duogc xac dinh dya trén tiéu chi ty 1€ thanh toan 13i vay (Interest Coverage
Ratio — ICR), ddy ciing 1a tiéu chi dugc nhidu nghién ctru st dung, nhu Asquith va cong s, (1994);
Dinh va cong su, (2021); Ninh va cdng su, (2018); Powell va cong sy, (2023). ICR 1a ty 1€ gitra thu
nhép trude 13i vay va thué (EBIT), va chi phi 13i vay (IE). Néu ICR ciia mot cong ty thép hon 1 thi
cong ty nay dugc phan loai 1a KQTC va dugc gan gia tri 1a “1”’; nguoc lai, cac cong ty dugc phan loai
1a khong KQTC va gan gia tri 1a “0”.

Duya trén céc nghién ctru trude (du Jardin, 2015; du Jardin va cong sy, 2019; Heo & Yang, 2014;
Inam va cong sy, 2018; Liang va cong su, 2016; Lin va cong su, 2014; Powell va cong su, 2023),
nhém téc gia da tong hop, lua chon cac chi tiéu tai chinh pht hop v6i nghién ciru va dugc phan thanh
bbn nhom gdm ty sudt sinh 10, ty 18 thanh khoan, don by va ty 1¢ ting truong. Viéc phan tich theo
nhom cho chung ta biét cac khia canh khac nhau cia tai chinh va hoat dong ctia doanh nghiép (Lin va
cong su, 2014). Thong tin cac chi ti€u tai chinh st dung trong mé hinh du bao duogc trinh bay &
Bang 1.

Bang 1.
Toém tt cac bién nghién ctru
Nhom ty 1€ TT Ky hi¢u Dinh nghia
tai chinh
Tysudtsinh NI  EBITTA Thu nhap truée 13i vay va thué/Téng tai san
1oi .
o N2 NITA Thu nhp rong/Téng tai san
(Profitability , 2
Ratios) N3  TSTA Tong doanh thu/Tong tai san
N4 RETA Loi nhuén giir lai/Téng tai san
N5  NITS Thu nhap rong/Téng doanh thu
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Nhom ty 1€ TT Ky hi¢u binh nghia
tai chinh

N6  EBITDATA  Thu nhép trude ldi vay, thué, khdu hao va phi trd dan/Téng tai san

N7  EBITTS Thu nhap trude 13i vay va thué/Téng doanh thu
N8  NISE Thu nhap rong/Vén cb déng
N9  EBITDATL  Thu nhap trudc lai vay, thué, khdu hao va phi trd dan/Téng no
phai tra

Tylé thanh N10 CACL Tai san ngén han/No ngén han

lilf’:li ay  NUWeTA Vén luu dong/Téng tai san

Ratios) Ni12 CLTA No ngan han/Tong tai san
NI13  QACL Tai san nhanh/No ngin han
N14 CATA Tai san hién tai/Téng tai san
N15 CTA Tién mit va twong duong tién/Téng ti san
N16 NOCREDINT Ty I¢ cua khoang thoi gian khong c6 tin dung
N17 CATL Tai san ngén han/Téng ng phai tra
NI8 QATA Tai san thanh khoan nhanh/Téng tai san
N19  WCTS Vén lru déng/Tong doanh thu
N20 CLTS No ngén han/Téng doanh thu
N21 CLTL No ngén han/Téng no
N22 CCA Tién mit va twong duong tién/Tai san ngin han
N23 ITA Hang tén kho/Téng tai san

Don bay N24 TLTA Téng no/Thng tai san

(Leverage) N25 CCL Tién mit va trong duong tién/No ngén han
N26 TLSE Téng no phai tra/Vén cb dong

Ty 1¢ tdng N27 GNI Téang trudng thu nhép rong

Erginjth N28  GTA Tang truong tong tai san

Ratios) N29 GOl Tang trudng thu nhdp thong thuong
N30 GRTA Tiang trudng ciia Ty suat sinh 10i trén tong tai san
N31 GSE Tang trudng vén cb dong
N32 GTS Tang trudng téng doanh thu
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Ty 18 tap huin luyén va thir nghiém trong nghién ctru nay 1a 70:30. Nghién ctru nay sir dung cac
thuét toan Machine Learning dé dy bao KQTC sau mot nam (dir liéu nam t-1 dugc str dung dé dy bao
tinh trang KQTC cua cong ty ¢ nam t).

3.2, Phwong phap nghién cuu

3.2.1.  Sirdung ky thudt SMOTE xir Iy diF liéu mat cdn bang

SMOTE (Synthetic Minority Oversampling Technique) khic phuc hién twong qua khép cia mod
hinh trong tap dir liéu mat can bé“lng be‘“mg cach tao ra dit li¢u nhan tao (Shrivastava va cong sy, 2020).

Trwéc khi dung SMOTE Sau khi dung SMOTE

Kiét qué tai chinh

Kiét qué tai chinh

Khéng Kiét qué tai chinh Khong Kiét qué tai chinh
(2a) (2b)
Hinh 2. Dit li€u trudc va sau khi st dung SMOTE
Sau khi str dung SMOTE, céc thuét toan Machine Learning dwoc ap dung dé du bao KQTC.
3.2.2. M0 hinh hoi quy logistic (LR)

Tir nhitng ndm 1980, mot s6 nghién ctru di phat trién cac mé hinh xac suét ¢ didu kién sir dung
k¥ thuat hoi quy Logistic (Dimitras va cong su, 1996; Keasey & Watson, 1991; Liao, 1994; Ohlson,
1980; Zavgren, 1983). Hdi quy logistic 12 phuong phép dau tién dugce sir dung thay cho MDA dé thiét
ké mo6 hinh pha san (Ohlson, 1980). Phuong trinh hdi quy Logistic nhu sau:

ln( p’;n) = a+ Z§=1ﬁj X j (1

1—

Trong do,

pu: Xac suat KQTC ctia cong ty n

Xn = (Xi1, ..., Xiy): Vec-to J chiéu chita cac gia trj ma cac bién giai thich J gia dinh cho cong ty n

a: Tham sb dai dién cho phén chan

B;: Hé s6 hoi quy thi j.

Khi cac tham s a va B; duoc udc tinh béng cach sir dung dir lidu co san, xac sut KQTC c6 thé
duoc udc tinh bang cach dao nguoc mé hinh hdi quy logistic:
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-1
Dn = (1 + exp(a + Z§=1ﬁj xnj)) 2)
Théng thuong, ngudng 0,5 duge sir dung dé xac dinh xem cong ty nén dugc phan loai 1a KQTC
(gia tri p» = 0,5) hay khong KQTC (gia tri p» < 0,5) (Zavgren, 1983).
3.2.3. Mo hinh K-Nearest Neighbors

K-Nearest Neighbors (KNN) 1a mét trinh phan loai khong theo tham sb, x4c dinh nhén 16p cho
timg phién ban chwa dugc nhin thay theo k (sb luong lan cin) gan nhat trong tap dir liéu huan luyén.
Uu diém cua KNN 1a n6 manh m¢ ngay ca khi tap dit li¢u huén luyén bi nhiéu (El Gayar va cOng su,
2006). Han ché chinh ctia KNN 1a chi phi tinh toan cao vi nd can tinh todn khoang cach ciia moi
truong hop chua dugc nhin thay cho tat ca dit liéu huan luyén (Son va cong su, 2014).

3.2.4. M6 hinh cdy quyét dinh (Decision Trees)

Decision Trees (DT) bao gdm mot loat cac quyét dinh logic, duoc biéu dién dudi dang céu tric
cay (Breiman va cong su, 1984). Cac quyét dinh nay twong ty nhu cac quy tic néu-thi, vi & day, dau
vao 1a mot didu kién dugec md ta boi mot tap hop cac thudc tinh (Hussin Adam Khatir & Bee,
2022). DT khéng yéu cau bat ky gia dinh théng ké nao lién quan dén dir liéu trong mau huan luyén.
DT rit hiru ich trong viéc kham phé dir liéu nhdm tim ra mdi quan hé giita mot s6 lugng 16n cac bién
dau vao va bién muc tiéu.

3.2.5. M0 hinh rieng ngdu nhién (Random Forests)

Random Forest (RF) 1a sy tong quét hoa cia DT, vi RF 1a mot tap hop cac DT (Breiman, 2001).
RF 1a mot mo hinh Machine Learning pho bién, n6 da duoc st dung rong rii trong viée du bao KQTC.
RF dugc phat trién lan dau boi Breiman (2001). K§ thuat nay két hop mot khung tong hop va cay
quyét dinh dé cai thién d6 chinh x4c hiéu suat mé hinh. Theo Katuwal va cong su (2020), ham daura
thu dugc bang cach lay trung binh nhu sau:

Z = argmax=¥i_, p, (y|x) (3)
Trong do, p«(y|x) 1a phan bd xac suat cia mdi cay (t) va x 1a tap hop cac mau thir nghiém. RF 1a
mdt k¥ thuat hidu qua dé xay dung khung cay quyét dinh nham xir 1y dit liéu phtrc tap va nhiéu. Hon
nita, RF dugc dé xuét vi kha ning trién khai va dién giai don gian, gitip cai thién kha ning dy bao.
3.2.6. M6 hinh AdaBoost

AdaBoost (Adaptive Boosting) 14 mot thuat toan Machine Learning ldp lai dé xay dung mot tap
hop phan loai (Freund & Schapire, 1997). N6 chi sir dung mot thudt toan phan loai dé xay dung cac
bd phan loai co s& yéu da dang, dugc huan luyén trén cac tép dir liéu dugc lﬁy mau c6 chon loc tir tap
dir liéu hudn luyén ban dau. Mdi mau dugc gan mot trong s6 thé hién kha ning duoc chon lam mau
huén luyén va tit ca cic mau déu cé trong s bang nhau trong vong lap dau tién. Trong cac lan lap
tiép theo, cac mau dugc phan loai chinh x4c boi bd phan loai co s6 ctia 1an 1ap cudi cung sé& co trong
s6 thap hon va cac mau bi phan loai sai s& c6 trong s6 cao hon.

3.2.7. M6 hinh XGBoost

Trong nhitng niam gan day, XGBoost (eXtreme Gradient Boosting) da thu hiit sy cht ¥ cua cac
nha nghién ciu vé tai chinh, dac biét trong cac nghién ctru dy bao KQTC (Climent va cdng su, 2019;
Huang & Yen, 2019; Pham & Ho, 2021; Shetty va cong sy, 2022). Ky thuat XGBoost dugc phat trién
boi Chen va Guestrin (2016). XGBoost 1a mot bién thé cta phuong phap ting cuong do dbc voi hidu
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suét vuot trdi sir dung hinh thirc héa mé hinh chinh quy nham kiém soat overfitting dé dat duoc higu
suét tot hon (Chen & Guestrin, 2016). Khung két hop sir dung so d6 lay mau ngau nhién dé cai thién
kha ning du doan va giam phuong sai ciia md hinh cubi cling:
Z=F(x) = Yi=1fe(x) “)
Trong d6, x; biéu thi cac bién giai thich va fi(x;) 1a ham dau ra ciia mdi cay.
3.3, Ddnh gia hiéu sudt mé hinh

Bién phu thugc dugc st dung trong nghién ctru nay chira cac cong ty khong KQTC va KQTC
duoc gén nhan 1a 0 va 1. Do d6, nhom tac gia xay dyng ma tran nham 13n va xac dinh mot sb tinh
nang thé hién hiéu suat phén loai ciia m6 hinh.
Bang 2.

Ma tran nham lan

Gié trj thyc té

) 0
) True Positive False Positive
(TP) (FP)
Gia tri du bao
©) False Negative True Negative
(FN) (TN)

Ghi chii: True Positive (duong tinh thuc): du bdo cong ty KQTC va thuc t¢ KQTC; False Positive (dwong tinh gid): Dy bdo
cong ty KQTC va thuc t& khong KQTC; False Negative (4m tinh gid): Du bdo cong ty khong KQTC va thyc t€ KQTC; True
Negative (am tinh thuc): Dy bao cong ty khong KQTC va thuc te¢ khong KQTC.

Do chinh xac (Accuracy) 1a thudc do phé bién nhit dugc sur dung dé danh gia hiéu sudt phan loai
(Tharwat, 2021). Theo d6, hau hét cac nghién ciru du bao KQTC déu sir dung d6 chinh xac lam thude
do dé danh gia hiéu suat mo hinh (Soui va cong sy, 2020). Accuracy dugc dinh nghia 1a ty 1& cac
truong hop dugce phan loai chinh xac (ca doanh nghi¢p KQTC va khéng KQTC).

TP + TN
TP + TN + FP + FN ®)

Tuy nhién, Accuracy 1a mot thudc do khong phii hgp cho cac van dé phan loai khong can bang.

C6 thé dat dwoc Accuracy cuc cao bang cach dua ra du doan chinh xac vé 16p da s6 (khong KQTC),

Accuracy =

ngay ca khi mo hinh hoat dong cuc ky té trong viéc du doan 16p thiéu sé (KQTC). Do d6, can phai
xem xét thém céc chi tiéu khac gom Precision, Recall, va Fl-score cling véi cac so lidu khéc.
Precision cho biét ty 1¢ ma dy bao cong ty KQTC va thuc té 1a kiét qué.
TP
TP + FP ©)
D6 bao phii (Recall) hay do nhay (Sensitivity) twong g véi ty 1é phan trim doanh nghiép KQTC

Precision =

duogc du bao dung.
Recall = TP 7
e = TP I EN @

Fl-score 1a gié tri trung hoa cua Precision va Recall. F1-score cang cao thi mo hinh cang tot.
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F1 2 Precision X Recall g
- =2 X
score Precision + Recall ®)

Tiép theo, nhom tac gia str dung 16i loai I (Type I error) va 13i loai II (Type II error) cho cac mo
hinh dy bao. Ldi loai I c6 nghia 14 s6 cong ty hoat dong binh thudong dugc phéan loai 1a KQTC. Lbi
loai I c6 nghia 14 s6 lugng cong ty KQTC dugc phan loai 14 binh thuong. Trong nghién ctru nay, 16i
loai II nghiém trong hon béi vi chi phi ton that khi du bao nham mét cong ty KQTC 1a khoé manh
cao hon nhiéu so véi chi phi dy doan mét cong ty KQTC nhung thyc té khoé manh (Shrivastava va
cong su, 2020).

x. ) FP

Loi loal I= FP-}-—TP (9)
Xt FN

Loi loal II = m (10)

Boi vi bo dir liéu sir dung mat can bang dang ké, cho nén ACC c6 thé khong phu hop khi do ludng
hiéu suat mo hinh. C6 thé dat dwoc ACC cuc cao bang cach dua ra dy bao chinh x4c vé nhom da s6
(khong kiét qué tai chinh), ngay ca khi mé hinh hoat dong cuc ky kém trong viéc du doan nhém thiéu
s6 (kiét qué tai chinh). Do d6, nhoém tac gia tinh dién tich dudi dudong cong (Area Under the Curve —
AUC) cua timg mo hinh. So sanh AUC va Accuracy, ngudi ta thiy rang cac nghién ctiru gan ddy co
xu huéng chon AUC dé xé4c dinh d6 phit hop ctiia mé hinh (Jabeur va cong sy, 2021, 2023; Kuiziniené
va cong su, 2022; Pham & Ho, 2021). M hinh ¢6 AUC 16n hon 0,9 dugc xem 13 ¢6 hiéu suat vuot
trdi (Cheng va cong sy, 2014; Tserng va cong sy, 2011).

4. Két qua nghién ctru va thao luan

Béng 3 trinh bay két qua higu suat ciia cic mo hinh Machine Learning str dung. Accuracy ciia tat
ca cac md hinh trong nghién ciru nay déu dat két qua kha cao, thap nhat 1a LR (70,82%) va cao nhat
1a XGBoost (93,67%). Ngoai ra, m6 hinh RF ciing c6 Accuracy cao (93,15%), chi ding sau XGBoost.
Tur két qua Bang 3, nghién ctru da xac dinh dugc 3 md hinh c6 d6 chinh xac cao nhit 1a RF, AdaBoost,
va XGBoost.

Béng 3.

Két qua du bao
Hiéu suit m hinh Logistic K-Nearest Decision Random AdaBoost  XGBoost

Regression Neighbors Trees Forests

TP 168 203 257 267 283 271
FN 157 122 68 58 42 54
FP 567 462 166 112 178 103
™N 1.589 1.694 1.990 2.044 1.978 2.053
Accuracy (%) 70,82 76,46 90,57 93,15 91,13 93,67
Precision (%) 22,86 30,53 60,76 70,45 61,39 72,46
Recall (%) 51,69 62,46 79,08 82,15 87,08 83,38
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Hiéu suit m hinh Logistic K-Nearest Decision Random AdaBoost  XGBoost
Regression Neighbors Trees Forests

F1-score (%) 31,70 41,01 68,72 75,85 72,01 77,54

L4i loai I (%) 77,14 69,47 39,24 29,55 38,61 27,54

Lbi loai II (%) 8,99 6,72 3,30 2,76 2,08 2,56

Tiép theo, cac chi s6 danh gia hiéu suat khac nhu Precision, Recall va Fl-score ciing dugc dé cap
trong Bang 3. M6 hinh XGBoost c¢6 chi sé Precision va Fl-score cao nhat khi c6 ty 1& 1an luot 1a
72,46% va 77,54%. M6 hinh AdaBoost c6 Recall cao nhat (87,08%), mo hinh cao thir hai 1a XGBoost
(83,38%).

Két qua Bang 3 con so sanh vé ty 1¢ 15i loai I va 16i loai II. Dya vao Bang 3, ty 1¢ 16i loai I cua
XGBoost thap nhat (27,54%), tiép theo 1a RF (29,55%). Ngoai ra, két qua ciing cho thy ty 1¢ 18i loai
II ctia md hinh AdaBoost 1a thap nhat (2,08%), XGBoost dtng thir hai (2,567%). Cac m hinh con lai
gdm LR, KNN, DT, va RF ¢6 ty 1& 18i loai IT 1an luot 1a 8,99%; 6,72%; 3,3%; va 2,76%.

Trong thuc té, cai gi4 phai tra cua 18i loai II ¢6 thé 16n hon nhiéu so véi 13i loai I. Trong két qua
trén, AdaBoost cho théy ty 1¢ 16i loai IT the‘ip nhat. Tuy nhién, van chua két luan AdaBoost 1 mé hinh
phii hgp nhat boi vi cac dai lugng do ludng hidu suat mo hinh trude d6 déu cho thay XGBoost vugt
troi hon. Ngoai ra, mé hinh XGBoost ciing c6 ty 1¢ 18i loai II rat thip. Do d6, nhom tac gia di quyét
dinh xem xét thém vé chi s6 AUC.

Trong Hinh 3, hau hét cic mo hinh déu c6 AUC cao. M6 hinh XGBoost c6 AUC cao nhat (AUC
=97,04%), tiép theo 1a RF (AUC = 96,44%) va dung thir 3 1a AdaBoost (AUC = 96,25%). Nguoc lai,
md hinh LR, KNN va DT lai ¢6 két qua khong tot khi AUC 1an lugt 14 65,82%:; 75,50%; va 85,69%.

1.0 —
_— -7
,--'/--"--- ,”
""‘l--- ’,’
0.8 //
’I
/’
2 -~
0] PR
X 06 o
2 e
g -~
) 04 -7
= Logistic (AUC = 0.6582)
KNN (AUC = 0.7550)
0.2 —— Decision Tree (AUC = 0.8569)
—— Random Forest (AUC = 0.9644)
—— AdaBoost (AUC = 0.9625)
0.0 —— XGBoost (AUC = 0.9704)

0.0 0.2 04 06 0.8 1.0
False Positive Rate

Hinh 3. So sanh duong cong (Receiver Operating Curve — ROC) giita cdc mo6 hinh
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Tir két qua trén, c6 thé thiy mo hinh XGBoost 14 mé hinh phi hgp nhét cho dy bao KQTC cua
céc doanh nghiép tai Viét Nam. Két qua vé XGBoost 1a mé hinh phu hop dé nghién ciru nay du béo
KQTC ciing d4 dugc tim thiy & cac nghién ciru trude (Huang & Yen, 2019; Perboli & Arabnezhad,
2021; Pham & Ho, 2021; Shetty va cong sy, 2022). Qua do, nghién ctru ndy cling cho théy tinh wu
viét cua céc thudt toan Machine Learning khi tng dung vao dy bao KQTC.

High
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SHAP value (impact on model output)

i 2 3 3 5 B
mean(|SHAP value|) (average impact on model output magnitude)

(4a) (4b)

Hinh 4. Tam quan trong cua cac bién dic tinh trong XGBoost v6i SHAP

Cubi cuing, phuong phap (Shapley Additive Explanations — SHAP) dugc st dung dé dién giai két
qué dau ra cia md hinh XGBoost. Két qua cho thy cac bién anh huéng 16n dén KQTC gém: EBITTA,
RETA, TLSE, EBITTS, GOI, CLTS, NITS, CLTL, CTA, EBITDATA, va GTA. Két qua nay ciing
tuong dong véi cac phat hién ciia cac nghién ctru trude day (xem Jabeur va cong su, 2021, 2023; Tian
va cong sy, 2015; Tian & Yu, 2017; Tran va cdng su, 2022; Vu va cong su, 2023; Yang va cong su,
2021) va cho thay phu hop véi thuc té & cac doanh nghiép Viét Nam véi céc bién chinh anh huéng
dén KQTC 1 cac bién lién quan dén kha ning tang truong loi nhuan va mirc d sir dung don bay.

0

5. Két luan

Dy doan KQTC phan 16n d& dugc nghién ctru trong vai thap ky qua tir ca quan diém ly thuyét 1an
quan diém thyc nghiém. Véi s6 lwong doanh nghiép dong cira va khong quay trg lai thi truong ngay
cang tang sau COVID-19, viéc dy bao KQTC 1a rat can thiét tai Viét Nam hién nay. Muc ti€u cua
nghién ctru nay 1a du bao KQTC cua cac doanh nghiép phi tai chinh tai Viét Nam. Su dung dir liu
clia 657 cong ty giai doan 2009—2022, két hgp sau thuat toan Machine Learning (gdm LR, KNN, DT,
RF, AdaBoost, va XGBoost) dé so sanh higu qua ctia cac mé hinh dy bao nham tim ra phuong phap
canh bao som tot nhat. Két qua da chi ra rang thuat toan XGBoost 14 tot nhat cho du bao KQTC. Céac
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chi s6 danh gia hiéu sut cia XGBoost déu c6 két qua tot nhu Accuracy rat cao (93,67%), 16i loai II
rat thip (2,56%) va AUC cao nhét trong cic md hinh sir dung (97,04%).

Viéc theo ddi lién tyc tinh hinh tai chinh ciia cong ty 1a vo cling quan trong dé xéac dinh cac dau
hiéu KQTC. Do d6, ban lanh dao ciia bat ky cong ty nao ciing phai lién tuc déi mat véi nhiém vu tim
ra phuong phap du bdo KQTC dé dua ra danh gia chinh xac va kip thdi nhat vé tinh trang tai chinh
cua doanh nghié€p. Nhin chung, nghién ctru vé du bao KQTC str dung Machine Learning c6 tiém nang
dong gop cho linh vyc quan ly rui ro tai chinh, dong vai tro 1a hé théng canh bao som.

Tuy nhién, nghién ctru van con mot s6 han ché nhat dinh. Trong tuong lai, viéc dua thém nhiéu
dir liéu ké toan va céac bién sb vao cac nghién ctru sau hon cé thé tao ra cac mé hinh du doan t6t hon.
Céc bién lién quan dén quan 1y cong ty va kinh té vi mé can duoc xem xét dé cai thién do chinh xac
ctia md hinh trong dy bao KQTC. Ngoai ra, nghién ctru nay chua dé cap dén cac yéu t can thiép nhur
hanh vi con nguoi, tim 1y ddam dong hay dau co anh huéng dén viée tang giam rai ro KQTC ciia céc
doanh nghiép niém yét tai Viét Nam.
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