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Théng tin cic bién SO lrgng  Nhém cic bién Chi tiét cic bién trong nhém
95 Bién giai thich 14 Nhom chi so sinh  After Tax Net Interest Rate, Continuous Interest
duogc phan chia thanh 101 Rate After Tax, Gross Profit To Sales, Net

11 nhém bién

Income To Stockholders Equity, Net Income To
Total Assets, Net Profit Before Tax To Capital,
Operating Gross Margin, Operating Profit Rate,
Operating Profit To Capital, Pre Tax Net Interest
Rate, Realized Sales Gross Margin, Return On
Assets After Tax, Return On Assets After Tax
Depreciation, Return On Assets Before Interest
Depreciation

06

Nhom chi s6
thanh khoan

Cash To Current Liability, Current Liability To
Current Assets, Current Ratio, No Credit Interval,
Quick Assets To Current Liability, Quick Ratio

12

Nhém chi s6 don
bay tai chinh

Borrowing Dependency, Contingent Liabilities
Equity Ratio, Current Liabilities To Equity,
Current Liability To Equity, Debt To Asset Ratio,
Debt To Equity Ratio, Degree Of Financial
Leverage, Equity To Asset Ratio, Equity To
Liability, Equity To LongTerm Liability, Liability
To Equity, LongTerm Liability To Current Assets

12

Nhom chi s6 higu
suat hoat dong

Accounts Receivable Turnover, Average
Collection Days, Cash Turnover Rate, Current
Asset Turnover Rate, Equity Turnover Rate,
Fixed Assets Turnover Frequency, Inventory
Turnover Rate, Operating Profit Per Person,
Quick Asset Turnover Rate, Revenue Per Person,
Total Asset Turnover, Working Capital Turnover
Rate

08

Nhom chi s6 tang
trudng

After Tax Net Profit Growth Rate, Continuous
Net Profit Growth Rate, Net Value Growth Rate,
Operating Profit Growth Rate, Realized Sales
Gross Profit Growth Rate, Regular Net Profit
Growth Rate, Total Asset Growth Rate, Total
Asset Return Growth Rate

07

Nhém chi s6 gid
tri co phiéu

Adjusted Book Value Per Share, Book Value Per
Share, Final Book Value Per Share, Net Profit

Before Tax Per Share, Operating Profit Per Share,
Persistent Earnings Per Share, Revenue Per Share

08

Nhom chi s6 dong
tién

Cash Flow From Operations To Assets, Cash
Flow Per Share, Cash Flow Rate, Cash Flow To
Equity, Cash Flow To Liability, Cash Flow To
Sales, Cash Flow To Total Assets, Cash
Reinvestment Ratio




15 Nhém chi s6 co Cash To Total Assets, Current Assets To Total
cAu tai san va Assets, Current Liabilities To Total Liability,
nguén von Current Liability To Assets, Current Liability To

Total Liability, Fixed Assets To Assets Ratio,
Inventory And Receivables To Equity, Inventory
To Current Liability, Inventory To Working
Capital, Long Term Fund Suitability Ratio,
Operating Funds To Liability, Quick Assets To
Total Assets, Retained Earnings To Total Assets,
Working Capital To Equity, Working Capital To

Total Assets
06 Nhom chi s6 chi Allocation Rate Per Person, Non Operating
phi va hiéu qua Income Expenditure Ratio, Operating Expense
hoat dong Rate, Research And Development Expense Rate,

Total Expense To Assets Ratio, Total Income To
Expense Ratio

04 Nhoém chi s6 chi Effective Tax Rate, Interest Coverage Ratio,
phi tai chinh va Interest Expense Ratio, InterestBearing Debt
thué Interest Rate

03 Nhom chi s6 khdc ~ Liability Assets Flag, Net Income Flag, Total

Assets To GNP Price
Bién myc tiéu 01 “Bankrupt?”

Nguoén: Bé dir liéu Kaggle (2024)
Phu luc 2. Phuong phép Iua chon dic trung
(1) Loagi bo dac trung dé quy (Recursive Feature Elimination - RFE)

RFE 1a mét phuong phap dang boc (wrapper method) tap trung vao viéc giam tim quan trong ca céc dic trung
khong lién quan, von c6 thé 1am suy giam hiéu sudt ciia mo hinh. Mot wu diém noi bat cua RFE 1a kha nang xu 1y
hi¢u qua véan dé nhiéu trong phan tich cac tdp dit liéu phirc tap, nhd d6 cac mo hinh dy bao c6 thé dat duoc hiéu
suét t6i ru. RFE khong chi dam bao tinh higu qua ctia mé hinh dy doan ma con giir lai cac ddc trung thong tin
nhét, gitip chiing dé dang dugc dién giai. Tuy nhién, mot nhugc diém 16n ciia RFE 1a yéu cau cao vé tinh toan, vi
can huan luyén mo hinh nhiéu lan dé danh gia timg dic trung, dan dén tiéu ton nhiéu thoi gian va tai nguyén.
Trong nghién ctru ndy, ky vong rang RFE sé& dat dugc hiéu suit cao nhat, dic biét khi dugc két hop véi LightGBM
— md hinh c6 kha ning khai thac téi da cac dac trung phi tuyén (Li va cong su, 2017).

Trong mdi vong lap, RFE huén luyén mét moé hinh (ki hi€u M) trén b dir li€u su dung tap dac trung hién tai F;.
Sau d6, d6 quan trong Imp,(j) cua timg dic trung j trong F, duoc ude luong dé tim kiém dic trung kém quan
trong nhat, nham loai bé n6 khéi qua trinh huén luyén & vong tiép theo. Qua trinh nay lap lai cho dén khi s6 lugng
dic trung con lai dat dung ngudng ky vong. RFE c6 thé duge mé ta dua trén cong thire gia 1ap (Pseudo-formula)
nhu sau:

Khéi tao: Fy ={1,2,...,m},t = 0.
Trong khi |Fy| > k:
1. Hudn luyén mé hinh M véi cdc dic trung thuéc F,.
2. Tinh Imp,(j) cho méij € F,
3 Jmin = argminmp,(j)
4. Fryr = Fo \ Umin}
50 tet+1

Két thiic khi |F,| = k



Pau ra cudi cing: F, (tdp ddc trung dwoe giit lai).
(2) Loai b6 ddc trung chuyén tiép (Forward Feature Selection - FFS)

FFS 1a mot quy trinh thém cac dac trung lan luot theo mirc do quan trong ddi véi hiéu suat cua mé hinh. Mic du
thuat toan nay kha don gian, tryre quan va yéu cau it tai nguyén hon, nhung no lai twong thich véi hau hét cac thuat
todn hoc may (Xia & Yang, 2022). Ngoai ra, cach tiép can theo FFS ciing ¢6 thé dugc cac nha dau tu sir dung
thanh cong dé kham pha mdi quan hé giita cac bién doc 1ap va bién phy thudc trong mot linh vyc tai chinh cy thé.
Tuy phuong phap FFS dé trién khai va phi hgp vi nhiéu ing dung thyc tién, tuy nhién cach thirc tiép can cta
FFS lai dé roi vao cuc tiéu cuc bo, khi LCDT ting budc mot va co thé bo qua nhimg t6 hop dic trung & cac budc
sau. Bén canh do, FFS ciing khong xir 1y tot mdi quan hé phi tuyén giita cac dic trung trong mé hinh (Fallahpour
& Piri, 2017).
Quy trinh bat dau tir mot tap ddc trung rdng (@), sau d6, trong mdi vong 1ap, md hinh dugc huan luyén lan luot
voi tung dac trung tiém nang dé xac dinh xem dic trung nao mang lai mirc cai thién hiéu sudt cao nhat khi két hop
voi tp dac trung hién tai. Nho cach thure chon lya gia tang, FFS thudong dugc coi 1a truc quan, d@ trién khai, déng
thoi c6 thé tiét kiém tai nguyén hon so véi mot s6 phuong phap phirc tap khac. FFS c6 thé duoc mé ta dya trén
cong thuc gia 1ap (Pseudo-formula) nhu sau:

Khéitao: Sy =@ ,t = 0.

Trong khi |S;| < k (hodc con ddc trung chwa dwoc chon):

1. Véimoi dic trung f € F \ S;, hudn luyén mé hinh M sir dung tdp S, U {f}

2. Xdcdinh f* = arg max A (hiéu sudt)
f EF\St

3 S =S V{f}
4. t—t+1
Két thic khi S, da dat 56 lwong hodc tiéu chi dung
Pau ra: S, (tdp dic tring dwege chon)
(3) Loai bo dac trung nguwoc (Backward Feature Elimination - BFE)

BFE bit ddu véi toan bo tap hop céc dac trung va loai bo lan luot nhitng dic trung it gia tri nhat. K¥ thuat nay dac
biét hitu ich khi dugc ap dung trén céc tap dir liéu co kich thude lon b.'?mg cach giam bdt chiéu dit liéu va cai thién
kha ning tong quat hoa ciia mo hinh. Bang viéc loai bo déu din cac dic trung kém dong gép, BFE hd trg nhimng
md hinh dy doAn—bao gdm ca cac md hinh tuyén tinh va phi tuyén—tap trung hon vao cac dic trung giau thong
tin, dong thoi giam rii ro qua khép (overfitting) ciia mo hinh. Du yéu cau nhiéu tai nguyén tinh toan do can huén
luyén va danh gia mo hinh nhiéu lan, BFE van dugc dénh gia cao boi kha ning cung cap mot tap ddc trung vira
gon nhe vira c6 sirc giai thich tot, ddc biét khi dugc ap dung trong cac méi truong dir lidu phirc tap (Fallahpour &
Piri, 2017). BFE c6 thé dugc mé ta dya trén cong thic gia 1ap (Pseudo-formula) nhu sau:

Khai tao: Sy = {1,2,...,m}, t = 0.
Trong khi |S;| > k:
1. Hudn luyén mé hinh M véi cdc ddc trung thuje S,.
2. Tinh Imp,(j) cho méij € S,
3 Jmin = arg minmp,(j)
4 Str1 =St \ Unin}

5. tet+1



Két thic khi |S,| = k
Pau ra: S, (tdp ddc trung dwoc gitk lai).

Trong d6, Imp,(j) phan anh mirc d9 quan trong ciia dc trung j tai vong lap t, c6 thé dugc tinh dya trén nhiéu chi
béo khac nhau, tir tri tuyét ddi cua hé s6 hoi quy dén muc giam impurity (d6i véi mo hinh cay). O mdi budc, dic
trung kém quan trong nhét j,,;, s& dugc loai bo, nhd 6 mo hinh dan tap trung vao nhing thude tinh cdt 16i. Tuy
chi phi tinh toan c6 thé ting do yéu cau huin luyén lip, BFE mang lai mot tap dic trung tinh gon, vira ndng cao
d0 chinh x4c ctia m6 hinh, vira duy tri kha ning dién giai cao trong cac bbi canh tmg dung khac nhau.

(4) Loai bo dac trung dwa trén hoan vi (Permutation Feature Importance - PFI)

PFI duya trén viéc giam hi¢u suit ciia mo hinh khi gia tri cia mot dic trung duoc x4o tron ngau nhién. Vi cach
tiép can nay, PFI cung cip mot thudc do tong quat vé tim quan trong cua timg dic trung trong viée du doan
RRVN. Bén canh d6, PFI ciing khong yéu cu huan luyén lai mo hinh sau mdi lan hoan vi, diéu nay gitip cho
phuong phép tiét kiém duoc thoi gian so v6i phuong phap khac. Tuy nhién, PFI ciing ¢6 mot s6 han ché nhat dinh
nhu kha 1a nhay cam vaéi dit li€u, dac biét khi dir ligu mat cin béng hodc chura cac gia tri ngoai lai. Ngoai ra, PFI
cling khong hoat dong tét cho dir liéu chudi thoi gian hogc dir lidu c6 mirc do twong quan 16n (Gregorutt va cong
su, 2010). PFI ¢6 thé dwoc mé ta dua trén cong thirc gia lap (Pseudo-formula) nhu sau:

Khoi tao:
1. Xdc dinh hiéu sudt ban dau ciia mé hinh M trén tip dic trung ddy dii Sy, ky hiéu la per foT9.
2. Thiétlip Sy = F (tdp ddc trung day du).
Vong lap danh gia ddc trung
= Vi méi déic trung f € S,:
1. Xdo trgn (hodn vi) ngdu nhién gid tri cua f dé tao ra tap dit liéu méi XP'™ .
2. Hudn luyén mé hinh M trén X}Jerm va déanh gid hiéu sudt Perffperm.
3. Xac dinh mirc do quan trong cua f theo cong thirc:
Imp,(f) = perf°"9 — Perf?™
»  Xdc dinh déc trung it quan trong nhat:
fmn = arg mn Imp. (f)
= Loai b6 ddc trung it quan trong nhdt:
Str1 =S¢ \ (fmin}
= Capnhdtt < t+1
Két thiic khi S, dat s6 lwong dic tring mong muén hodc tiéu chi dirng.
Paura: T ap dac trung duwoc chon S;.

Trong d6, mic d6 quan trong Imp, (f) phan anh sy suy giam hiéu suat mé hinh khi hoan vi déc trung f tai vong
1ap t, dugc xac dinh béng cach so sanh hiéu suat ciia md hinh trudc va sau khi hoan vi ngau nhién gia tri cua dic
trung d6. Mirc d quan trong ctia dic trung f dwoc tinh bang chénh léch giita hiéu suat ban dau va hiéu suit sau
hoén vi, theo cong thie Imp, (f) = perf°™*9 — PerfF*"™. Djc trung ¢6 mirc d9 quan trong thap nhat f™™ dugc
xac dinh va loai bo khéi tdp dic trung S;, nhd d6 m6 hinh dan tap trung vao cac dac trung quan trong hon. Quy
trinh tiép tuc cho dén khi dat dugc s6 lugng dic trung mong mudn hodc théa mén tiéu chi dimg.
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Feature Importances of Selected Variables (Forward Selection)
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