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Objective: The objective of this study is to propose a hybrid model
based on Partial Least Squares (PLS) and Support Vector Machine
(SVM) to predict corporate financial distress and enhance the accuracy
and stability of the prediction process.

Methodology: This study utilized a dataset of 120 companies, consisting
of 56 bankrupt and 64 non-bankrupt firms, over a two-year period.
Initially, financial data were analyzed, and key features were extracted
using the Partial Least Squares (PLS) method. The Support Vector
Machine (SVM) algorithm was then employed, utilizing a grid search
technique with 5-fold cross-validation to optimize model parameters.
The performance of the proposed model was compared with traditional
methods such as logistic regression and artificial neural networks.
Findings: Empirical results indicated that the hybrid PLS-SVM model
achieved an accuracy rate of 87% on the test set, outperforming
traditional models and other machine learning techniques. Additionally,
the model successfully identified the most relevant financial indicators
for predicting financial distress and determined the role of each variable
in the prediction process.

Conclusion: Due to its high accuracy, interpretability, and significant
stability, the proposed model can serve as an effective tool for financial
institutions in risk management, credit approval, and financial planning
processes. This study demonstrates that combining machine learning
methods can improve financial prediction capabilities.

Keywords: Model, Machine Learning Techniques, Non-linearity,
Complex Correlations, Bankruptcy.
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EXTENDED ABSTRACT
Introduction

Financial distress prediction has been a critical area of research in financial management, with
early efforts dating back to Beaver (1968), who introduced a univariate discriminant analysis model using
selected financial ratios (Kollar, 2021; Reyaz et al., 2023). Over time, the field has evolved, incorporating
sophisticated statistical and data mining techniques such as logistic regression, decision trees, artificial
neural networks (ANN), and support vector machines (SVM). Traditional statistical models, while widely
used, have limitations due to assumptions such as linearity, normality, and independence of predictor
variables (Hameed et al., 2023; Obaideen, 2024).

Among the modern techniques, SVM has gained prominence due to its ability to manage complex,
high-dimensional data while minimizing structural risk rather than empirical risk (Rumbe et al., 2024;
Vendittoli et al., 2024). The integration of machine learning methods has led to the development of hybrid
models that combine the strengths of different approaches. Partial Least Squares (PLS) is a widely used
feature extraction technique that effectively reduces dimensionality and removes multicollinearity,
making it suitable for financial distress prediction (Min & Jeong, 2009; Pietruszkiewicz, 2004).

This study aims to develop and evaluate a hybrid financial distress prediction model that integrates
PLS with SVM. The proposed model seeks to enhance prediction accuracy and stability by leveraging the
strengths of both methods in feature selection and classification. The study addresses the gap in previous
research, which often relies on individual techniques rather than hybrid approaches to financial distress
prediction (Lee et al., 2002; Malhotra & Malhotra, 2002).

Methodology

The research employed a dataset consisting of 120 firms, including 56 bankrupt and 64 non-
bankrupt companies, spanning a two-year period. Initially, financial data were analyzed, and significant
features were extracted using the PLS method. PLS facilitated the identification of relevant variables by
compressing explanatory variables while preserving their correlation with the target variable.

The SVM algorithm was then applied to classify firms into bankrupt and non-bankrupt categories.
The model parameters were optimized using a grid search technique with 5-fold cross-validation. Several
kernel functions, including linear, polynomial, and radial basis function (RBF), were tested to determine
the optimal classification performance.

The model's performance was evaluated by comparing its accuracy, sensitivity, specificity, and
predictive values against traditional methods such as logistic regression and artificial neural networks.
The statistical software SPSS23 was used for descriptive analysis, while MATLAB's OSU_SVM toolbox
was utilized for SVM classification.

Findings

Empirical results revealed that the hybrid PLS-SVM model achieved an accuracy rate of 87% in
the test dataset, surpassing the performance of traditional statistical methods and standalone machine



learning algorithms. The model demonstrated high sensitivity (82%) and specificity (91%), indicating its
robustness in distinguishing between bankrupt and non-bankrupt firms.

The study identified key financial indicators that significantly contribute to financial distress
prediction. The top features, including profitability ratios, liquidity ratios, and leverage ratios, were
determined based on their variable importance in projection (VIP) scores obtained from the PLS analysis.

A comparison with logistic regression and ANN models indicated that the hybrid PLS-SVM model
provided superior classification results. The ANN model, despite its high prediction power, suffered from
overfitting and required extensive training data, whereas the logistic regression model struggled with
nonlinear relationships inherent in financial data.

Additionally, the proposed model demonstrated significant interpretability advantages, as the PLS
method allowed for the identification of influential variables, providing valuable insights into financial
distress factors.

Discussion and Conclusion

The findings suggest that the integration of PLS and SVM provides a powerful framework for
financial distress prediction, offering improved accuracy, stability, and interpretability. The hybrid
approach successfully addresses key challenges associated with financial prediction, such as feature
selection, multicollinearity, and nonlinearity.

The high prediction accuracy of the proposed model makes it a valuable tool for financial
institutions in risk management, credit approval, and strategic financial planning. By utilizing the hybrid
model, financial decision-makers can better identify at-risk firms and implement proactive measures to
mitigate financial distress.

Compared to traditional models, the PLS-SVM approach demonstrates superior generalization
capabilities and reduced sensitivity to overfitting, making it more applicable in real-world financial
environments. The study highlights the importance of feature selection and optimization in enhancing the
predictive power of financial distress models.

Despite its advantages, the study acknowledges certain limitations, such as the reliance on
historical financial data and the need for further validation across different industries and economic
conditions. Future research should explore the integration of additional machine learning techniques, such
as deep learning, to further improve prediction accuracy and adaptability.

Overall, the study concludes that the proposed hybrid model is a promising advancement in
financial distress prediction, offering a reliable and interpretable solution for financial institutions to
enhance decision-making processes and risk assessment strategies.

\%
E-ISSN: 3041-8933


https://portal.issn.org/resource/ISSN/3041-8933

%

alxo <o lung

- OB 9w Jukxi g bgd S pure

VEY LT - b s sad il o
VEY 3TN0 &b s ead Mol YO-OF azio ) ojlod oF 0,90
VEY 6018 ol j0 o azdpdy

VEY e oV i 0 ead pdine

o s
Ty s gement 34 st b

YeFI-ARYY 1 (Ssg nSdl bl

9 ormiolo 10y ok 5951 Guili g e (o (Fwiloyd S iy 951 3580

e o Jila (555

\

‘5';)&5@.‘9;“ oboly e Eoly & usedle

Ol e LalS o oDl o131 ol8tils (LIS 05 ¢ g laslu 05,5 (6 55 (Gl
(J s 00ian 85) )yl ¢y LilS ¢ codlal o131 ol&zils o) LilS 0l ¢ 5 sl 05,5 plad Slwl.¥

Ol sl (oMl o131 olSitils (LalS 0y (55 laslus 05,5 ¢ Lolwl Y

h.panahian@iaukashan.ac.ir :J giwme oodwws g5 Juos|*

ouS>

i oledo!

Josr omile 5 (PLS) 5 Slage JBas  tioe oS5 Jao o2 1) oty ool | o b
el i a1 3 6l g 88 dgue g eS8 S Swileye i lp (SVM) ol
P 5 iy 5,5 0F §) ISie (8,5 1Yl oo Acgama oS 51 i, (ol (gmlidisha
8 el g a5 0550 (Jlo slrosls Tl el 085 solaml all g0 Gloj o3k ,o Sl jg 08 &5 10
2550 31 s 305 2l 550l (PLS) (5 oo JBla g 5l e8liil L e (sl i 5 i8S
(Sl i 0 ol i it 5 e syt g, il b (SVM) iy oy il
Ose Sy il (s slaghs) b ol Joe 0 ,Shos ol oolinul Joe sl el )y angy pelas
S F Jae a5 Wby las oo gl Taidl Lo 5 awslie sgian ouas gladSll 5 S
o g st sl Jae 4 Cad (55540 0 Shas « olos] dcgeze o oy AY s &5 LPLS-SVM
i $lp ) Jb slooatls n gl e Sl Jas (nlmizmen 3 Gedle (6 50k SlaSiSS
6 A il e g e, 155, e 51 5 o 50,5 ki e S
Il S laie a4 Wlgs oo cazgi B (g lauly g ccmlin (6 pennds Y B o 4 golprin Jow
Ol gy 8 A (b (ghpaeby g slel b Sy Copde gloanlp o Jo Slasie 6l S
Sl ot Sl See & Wlsi oo Grdle 6550k Slats; oS S was e GLES iegh
a5 S

(Tl g sodizmy (slo Kot (g (hZ el o ieile £ T0l (slo ST 5T B Slguls

Ao goi

ol 29

o ol 4 olcw! ogx

OF9) 2 58z olaly oly &
e (Soiileys w655 oyl
sy Getile Jloy w58 Bl 2 (e
5 S el g by Co o Dlaye Jla
XO-0F (OF 5

Alie oyl Ll .cal (B)odinsgd 4y Blae

IS b Gl Sl3T (s 5oy

il 23,5 5,90 (CC BY 4.0)



https://www.dmbaj.com/
http://creativecommons.org/licenses/by/4.0
https://orcid.org/0009-0008-8206-0942
https://orcid.org/0000-0003-2030-0281
https://orcid.org/0000-0001-6209-3335
http://creativecommons.org/licenses/by/4.0
https://portal.issn.org/resource/ISSN/3041-8933

m) VFeF ol o)l e Loy 0599 )l 9 o’ Judodi' g Ligy o ko RULS T RUIE

9 oS CeSE (S Gl Joe sbml sl oobj la B wwaxie (cele SV 5 Slidos ulul g 42288 (UL (b o
Sacans loslitul L1 o e S5 S8 Jao S5 45 (VAPA) jo Langs 5 i VAPA Jlo )0 a5 gl ol 418 5 & 90 b IS
Jelos (Sl S5 31 Sy s Sl 03551 b il gy 08,5 sloml a0 gy aliels (3051 b s sl Jbo
S by, eadeis Jdod yoogdle aS o colaiul (65 peal Sgupn 0 laiiy 5 sulex oIl AMal 6l sgesls g s bl
(S 3S e S50 Jalis (5gl5T00ls Faaz S SuSs LS p0 0y g ole Jolod (St (sl e ygems S5 ol (s (5ol
42 ST lel oo )15 b g 0 SVM) ol 1oy oble (GA) S o 95 636 Glaie (NN ae glaass
5 oS (St Sl it O o Pl (o2 Jloyi 1009 (b wtile (T sl Bi8s Slogyhe b Lol il (ralidl ooy Jsbo
Arun & Lakshmi, 2022; Hameed et al., ) sos sgame 00isS coian 9 ke slo psiie b bad po 09250 8 5l (60,See IS0
2023; Kollar, 2021; Obaideen, 2024; Psyridou et al., 2024; Reyaz et al., 2023; Rumbe et al., 2024; Vendittoli et
.@l., 2024
7§ S e sy g (ATl e )5S topeiie wiz (b5 Jlazo 5 s e sl Js 1535
Altman et al., 1994; Barniv et al., 1997; Coates & ) ailoas slpin (5 lel puona 5l Sloiin 6lp ool 63,40l o )lxe

Fant, 1993; Cristianini & Shawe-Taylor, 2000; Curram & Mingers, 1994; Dedene, 2002; Desai et al., 1997; Emel
et al., 2003; Fan & Palaniswami, 2000; Fanning & Cogger, 1994; Fletcher & Goss, 1993; Lee et al., 1996; Lee et
al., 2002; Lopez & Saidenberg, 2000; Malhotra & Malhotra, 2002; Markham & Ragsdale, 1995; Martin, 1997; Min
Eomas omac sloaSl (o5 5k 4 (& Jeong, 2009; Moody, 1992; Pietruszkiewicz, 2004, Sarle, 1995; Smith, 1993

Vgoso Jl 0l b ool oo x5t o plos 51 20 U1 (i 0,08 Ly Wgud o ool L3 sla_imgss aciny o <dél (ANN)
2l e 50 T 501 5LS (699,5 6o5! &35 et (Sl 550 sloosls 3 sl jlade 4 ANN slo Joe a5 ol oy 3,155
Y o3Il by e (5355 (5lo i alaz 51 (IS sl ymall I sl scnl p ogdle s JSika 055 (B3ln i Sunle o &
Fanning & Cogger, ) oS sjlep i |y Wools B oyl Siws cpdize (2ilo b as,md 4 MalS o8 > g (6,50l Ce s o
(1994

Gl s ol s s cwile 650l SiSs S5 aS el SVM) olaciis s slacaile 5l ooliul allie cpl Gos
O390) Sityg by SVYM g o oolil b S35 S5a sl iz Joo S @) 5 (S5l yg (i S5 43 S8
ol 03,5 Iy Congeome e 5 Jiloos 31 o5 7 il 13 raosd Jle 3 Khos 5 iz 5la S 5 5l o 215 453 dns
o Sy (s3lotineS ol s S 3850 (LS 45 3,5 o 53 1, SRMY g k5l Sy, (s3lutineS Jol SVM (ian
W) awons slas YL oS G SRM el jign o Shoe Llod 5l g 350 w05 oo ool Jgons srac St Lawgs a5 (ERM)
w3l Sl age conl (S SVM ool el il il oo J8las a1, 83901 sloosls ,s e ERM a5 Jl> s sl o J3los
Bl 55l i SVM L aS cnl age 5 i J13 e ange Jool, 5,0 0yl bles cras aSied slaJow plo a5 Jl> o
(Akour et al., 2022; Goyal, 2022; Reyaz et al., 2023; Saeed et al., 2018; Santoso et al., 2018; Wang, 2024) s

1 dructural risk minimization
2 ampirical risk  nmimization

ra
E-ISSN: 3041-8933


https://portal.issn.org/resource/ISSN/3041-8933

lay yo JBluo 5951 g cmiilo 51 1 a3 o8N Gl (e (o (Siloyd (S iy 555U 3591 2 m)

Ll Wl (sl 5 0 b Sy i s e o Sl 5 pain G At il (532 o) 35,8 15,0 b il odle
ot 2ol Ay ol)ly polie 280 (6l (5l O bl omw,liel ookl b (laSils (sommins SaST SOl g ol (S oo
S Q&f.w;) Jds MDA) 43[54.;_? PEYE A Sz b Q] > Slos SVM S <8 g_;.‘l-.'.)’)‘ &l g 00,5 colaz! SVM

3,5 anslie BPN)Y aY ans oo SLalS Ll oy oo slaasos 4 (LOGI)

OR93 (9

by (5 gl i gyl 3w 5 Lol sloadlie Jlod g a2 b sl oad o)lla (s gl penl by, So PLS
Gl Jae b asS lax 1) sy 950 plcew pg8 g Sledbl wilgh o PLS .wus zlgeinl o S o s i [, Y e a5 sy
e b (Sood (izra 9 WS (00 03,88 1) X (xpo5 pitte PLS ulul y Sodbl sla Sy 55le 09,28 aisd sbml el
cls wlyd 65 60,5 Sl )l bt 5,5 o s 0 1Y edd o e

15 S oo sl [y Xl i Sledll el 0o b By S oo gl il X it dgame 3 Lty olecy yeico oyalsl PLS
s S (e 1) Up g By Gy (e Gy B0 oo glFl Y pite dsgemme Sl Uy Glesy seite sl coley los
sl 55 S 03,505 1y s Sl ygees,S ) SYolee S igdie iy b s X b Voo 5 5 Y b gees,S, S¥oleo
oS 00ilogdly SN 51 Uy 5 sl o0y younds X 51 £y Laosgs a5 oilagdly Sledbl 51 by oty s Cymesd 50 Ozl e 45 il oo
Doy oY B a4 B e 1SS anT 8l o gl yseil wosl ool w5 Y51ty Lo

25 oye & Olsie |y il ane el Y g G e 5 o P a3 Lo 5l aiged N aS X0 (X, Xgp Xp) 28 L

3,5 alge b
Max cov(Xw;, Yc;)
s.t. wiw; =1;¢iqp =1

) W{ZWJ-=0
X
C{ch=0;

\ Y
'ZY = Y,Y ‘Zx :X’X 99g u%wwjo :Xwiti u.‘a} M.S): QT)JAS

«(Lorber etal., 1987) cél ;5 ;0 olg oo 1, (W <€ ) 398 (55l dinge alis J>

W, = {ZXYZYXmain eigenvector, i=1
P71 = Py)Zgy (I — Py)Zyymain eigenvector, > 1’
C = {ZXYWL-, i=1
AU =PI W, i>1

where Py = (CxW)[ExW)T ExW)] T EW)T,
Py = EyOE O Ey O M E O, W = (W), € = (Cy).
Gl 50 Gk laes e plis 1) X ol uss aledlbl (Saw o> B PLS acule ;o ouds gl t ddlge «8,b G
Sy n iy 5 g g5 el iy Y g X s by ol a6 5 03] (sl el ol yem Y Ly el 0> b Y el persgs

B oo lid |y pie 50 o (Ko o r(xi,xj) QT)QAS



m) VFeF ol o)l e Loy 0599 )l 9 o’ Judodi' g Ligy o ko RULS T RUIE

lor &5 0 G Y IRA(i; th) = T2k th) &2 1) B €55 G 2598 (695 (omad S0 5 €555 (o) ) g 83
O ey o ples RA(Vk; th) 5 RA(Y; ty) = §2Z=1 sl Vi dhsly yaiio 5 by alge (it Olpd ds
t1,to, st 4lhe oo Ol oy cilil e RA(Y; £) &S RA(Y £y, s b)) = Dt ol Yausly piio gty adlgo
e g by, by e, by 4die o Ol oy cilil len RA(Yg; t) a5 RAWgity, o tin) = Dheq ool Y atisly prie
sl Vi anly

(lolis 25 55z wile) ange Soo S5 & (2l sl Sy aeS jloslatul (Jlo (Swiboys s (oo by S
Olsise byl Sy 5l s e a1 1, SleMbl 51 eol) e 45 55,5 Sl b Fhng 5l so8 Slawi b e )] 4 ol hmgd ool
S o Ll ol (ialS e S Gl 4]y (Hly Sldes slaanje o5 ce S0 Bib 50,5 Bl Gl ax B g8 9 (SSg58
s g0 igles iled gy ol 2 (g Jlom e S, Lo S5 5l casuiee ko Jol Al s 53 45 050 o s 4l 0 90 4 Vpors
Lyl WIRAPPEE s, yolasl 2 45 08 oo il ) aier s (la S35 51 gl garme 5 epgd al o 1o ams 2ol |, g cliad b
Sy Bl Ghyy Sopole (hagh sl Lol S s5zse sla Shy 5l o Sy n i 5e 5l o898 (Hl g S s 0051 1,
20,5 ol PLS lul 5 o Sl

2 e Smnl 0ls QLS 1, Y & Xy o 3T (oS 5o il gy Y 4 XL peitie Sl e o 5 529 sl
e )0 oo BN 5 08l 6B Y wlpy (o D508 ST 0gd o JEe by L Y X pedl el od iy S 3, b
STRA (Y th) S5 ylaie g9, thsloailse sl (gim 058 43,5 [l jo azg BB WL Y & X (o8 ©)a8 ey S )] Ty
el 68 Y @ Xy s il YU i Wy polie

s RA(Y; tp) lpss Ty gz g Y @ by Olesd by 4 daxg b (G, ook )0 ke Caal VIP) ¥ (b ye8

m

P Z RA(Y; )W,

P
1 m)h=1

VIP(x) = | Tt

aS X 6l ails e odime lis oS Ceol W e oS5 (59 Wiy Sl S Y v sn, b 0 e Cownl laie A
ML:‘SA Sl th od.])‘l.m Lgl.b:\.ejj,c
S 39 oGl 0 VIP (aslis 5l g5 o cplpls ool Y ay Xy pedd 1o i Coedl onims jlas ail ;35,5 VIP(X;) 4> 50

el (o Fizg olaw) P s glalo iz oSy 45wl oo O(NP) ¥ 55! Sllins Sz 5,5 oslical

Algorithm 1 PLSV,P(Tm,-nX

P, ClasSY (. gy, nf ac)

539,59 ¢ TrainX g, .p), ClassY .4, nfac

LT vip

)
E-ISSN: 3041-8933


https://portal.issn.org/resource/ISSN/3041-8933

lay yo JBluo 5951 g cmiilo 51 1 a3 o8N Gl (e (o (Siloyd (S iy 555U 3591 2 m)

Eors Call SIMPLS(TrainX (., ClassY ., nfac)1 to get calculated
RA(X), RA(Y), W
Vip < sqrt (p* < Rd(Y), W? >/Rd(Y)) (s 2)

“ s Y/)’l.g le

1 SIMPLS: de Jong proposed simple partial least-squares algorithm, computational complexity is O(np)

el 25 S & 35S Sl
5800 (NS 25 Dygo & Y aied e il o
S P e digad s N oS 0d (S oS V= (ifdnxg 49 oo Nigdion 03ls oL XD ilo L X (sliaosls

_ _N_ (1 vi= . i ,
Yij - I(yl _]) - {0 ¥ :,tj’l - 1,...,7’1,] - 1' - 9
Ll Gl""‘ o =Y
ablite o ,liel wg 1 )l cixe mhaw s RMPRESS) ool o (i oailondly (slas Sl o g0 (nKikeo ai
&ly oads gzl il rezs D,08 5 udgs 5,08 9 Prob. > 0.1 RMPRESS s sas mhaws b oleadlse slaes Jsla> RMPRESS
g s dmline S o sl (VIP) (651) 25k )0 e Coal cales 5o
Al ge Cand & gty dib pslate 4 (g e (VIP) o) 5k jo e
Slestin oy cpdle ) ed g Siing s 3l Sy il JBlas 4 Jol 5l eolawl b g s ] (s uSob (6,95 wlul 5
bly Wilgs o cyeile ! (Cristianini & Shawe-Taylor, 2000) cul oile (550l w65 S a5 wisls slgin 1, VM)
S O y90 A Ages ASgere 4 4> g5 .o ,g] Cawd 4 Sgamme sladiges o |, S5 oS
ST = {(Xl,yl)|Xl € ERp,yi € {—1,1},l = 1,2, ...,Tl}
S |y 5 pe a0 (65, Al Pluw lawgs ouls o digel degazme goi aib SVM (s 650 SS& byl )l cog
:3ls
1
min=w’w,
wb 2
s.t. ywlx;+b)—13%0
(5,‘;':)'9,@1 Sladiges oS jolic oyl S e )8 1) 588 Codgaze SYolae a5 aiiie sladises (SVS) luciy slajls

odal s du (gaty diids prlans (gl 00ld jgel 0,lgd g g axily p Koo ladiges pled B .atiwd 5 O35 ol o 4 g Siliwd

1 leave-One-Out Cross-Validation



m) VFeF ol o)l e Loy 0599 )l 9 o’ Judodi' g Ligy o ko RULS T RUIE

by SS& BB 5o g s b gon akb W)l aiglazio il o )0 et (B &5 aiies iy slayloy (nl el QLS
N%
g(x) = sgn {Z yia; K (xi, %) + b*}

i=1
LSV slass 4 o] Slewlre Soums 5 Cal W jio 8 pate olows SV catis 1 K(X;,X) W ja0 18 jaiea) a5 o>

Syl Koy
Jo ol ed el (Lol oS cenlie ain wls Sl (ols IS o o sl olasidy o p slacaile | solitul plKin
wad 1y 5 Jolie (e 50 0,15 3539 1S SV cilu sl atas wly bl b coslio atun @b G o le 6l 9>
Wi ) 0 )lge
ol d-0rder lakes sz abgs o SVM oaisS s aibs K(x;,X) =[(x. x; + 1)]% 6l alos wi> 4t i @

llx—x;l12
202

=l b b0 SVM ouisS sanail ol atun o, 0 1 1o a5 K(xy,X) = exp{— FooslS atn £l @
65 oo RBF aiia 1 4 a5 el (RBF)
s dbgs e SVM ouisS san aib aiws ol @ V 1 jo a5 K(X, x;) = tanh (V(X.x;)- 0) absefw aiwn o6 @
i g 595800 et i yeNl bawgd )55 ok @ ety Y 0,5l Dl 4Y S 5l a5 cenl Y 93 g
2,105 3925 Gl (gras AL Cudgase A e aladi JBlos (gl
(Voo F S0 95mSng ) Sl gty diion ;0 (SuSll g sloosls acgame Guiod () ;o eolaiuwl 090 sools acgorns
WS S yg dmy Sl B B Y 28,5 0F o o5 15 il oo 45 el Jlsie Jlo 55 03k 45 <S55 VY e ol acgaze o
1gd oo hpogs ) b 4 dasde Ve L 25,0 o
Syl [ guis glo oy - X1
63k 1S o gl s — X2
Sl sl sleplls - X3
b s US 1 ool slaalls - X4
Lo olls JS/ (50,5 50 ayleys - X5
55 5 gy fasle o — X6
($357se | g - XT
ol /ss 5 - X8
L ol JS/ Lalls sew - X9

'd)l-'.’ ‘5L°L5~’-‘)“>/ uaJL> Sguw — X10

1 Hper-plane
2 Sack variables

fv
E-ISSN: 3041-8933


https://portal.issn.org/resource/ISSN/3041-8933

lay yo JBluo 5951 g cmiilo 51 1 a3 o8N Gl (e (o (Siloyd (S iy 555U 3591 2 m)

oAl g ,8ogm - X11

AL g8 [oge — X12

A pafogw - X13

Pl ollo s | alls 5 - X14

(0w 2l glo ooy + ploes Bl wrlo) | alls sgus - X15
Sllae / yog,8 - X16

bl U5 Gig,d - X17

ol slaalls | be s - X18

s, Lle # YFO) — X19

bl ST g5 — X20

JS aelys /e ey - X21

Salys STl sla oy - X22

L u/olilas - X23

A s ,8s5m - X24

Lo olls JS/ la s - X25

ol ololo s> [ o gaas - X26

Pl llo Goi> | ae aily gla oy - X27
ol Sl G5 | )l slo oas - X28
2bls UST Sl 5 00 5l B awl,s -X29

ol eydle il ls - X30

oaiS oy Al (598l (sl (90l asgerme plyie & (S50 1T ggeme) S 5 dmn Jol Jlo slaosls 51 agsy ol
acgaze 40 Cawl 03,5 ooliiuwl oS gaw aib islesl lp @@uj dcgerme (lgie 4 (ES L5 VY ggemme) Wools s Jlu 5l g
Gl Jloy el U (a4 55 colejl dsgazme 10 @558 090 il g2 Sl g nd oS b £F g Aty 05 0 OF (o]
Blyzil g eSils yho & (Bigal acgazme ol Xipn = (X1, X2, ) X30): )90 ds game 50 05 o0 plonil o0l aegozma 51 Laosls
S Liae oyl 45 00 oo Jous diges (pm jo 0y jlse
i Kerm = E i)

S Line ol dy0iS oo posd abogy e ‘5.\1‘:)'5.‘1 dcgozmo Hlre Qlé‘)?d‘?bcﬁi).ltﬂd).i?ssle@iﬁl&}"‘ A4S 5000 yuas
* _tht_E(Xtrn)

JVarXem,



m) VFeF ol o)l e Loy 0599 )l 9 o’ Judodi' g Ligy o ko RULS T RUIE

JS5 0 azeil ol oo aldgs @l e 509,5 drnloe |) dasein Ve gla S5y Gomwsm (S o po SiBg% (0l 5o
X26 X30 5 X19 X12 3 X11 X29 3 X9 X20 5 X17 XL6 5 X8 sl 1 gy 4y #1005 yia €alold® .l o ool 5l |
1> 0.95 Lo T abogs o pm ey (Kiomsad sy oine X22 5 X21 X28 4 X27 1,

1545 canline oo ol F(X17,X20) = 1, r(X11,X12) = 0.9959, r(X21,X22) = 0.9993 r(X8,X16) = Le3; 4,
L pie)sS) S il 4y jzeie sl (S o5L3] Sl (il co 45 jshilas 3,15 352g 505 HleMb]  Kig3dl caseino To plas

PLS S35 il g, iy obol yp oja0] ladiges 3l lnaseiuo plad dol sinds i _5L31 slodaseien ooyl pliy
0,5 (gaL 4,

Vo Ogmm (Soed Guypd ) loged (B0l Bl (ygm (Ko il po bl p 1) BLE loaasein pgs al> e 5o
g e i X29 3 X28 X26 X22 X20 X19 X16 X11 (slacasion ciles 5 amo_a b |y sokty s 5 Auaiae

3l annz OSU_SVMB.00 355 oo 1,2l SVC 5 PLS (sloaile (VIP) pge i i ke ool 1 (o5 ol
S5l aaz ) elad a4l ates ol g laler iz ates ol (s aies b ool 0ad 45,5 IS 4wl Matlab 5l a5 SVMs
el 0 @) 15 50 585 0ty T3 el o 00l LES Y Jgaz o alogs e it yiol )l larkats aind bl SVMs

onl 50 Ngh oo e el oo iy 25 PLS lawgs a5 S5y Ol g, b bjgel acgerme sladasin ples ) al> e
b ol e sla s Olsie 4], K gleaasin e Shagh,

5 oo 08l SVC glopiibe 5 ool b g6l degazs gty diabs (] ot il K ar  (gla S5s 51 ¥ al> ya

Lol 0als ools (LS Y Jgax ,o gl

) S

s T Oy Kt S sy ipP ALd

0.8r
|

0.6¢
0.4+

==

pbat _
816172018 425 1 2 3 523 929102413111214151930262728 62122 7

V Jgu

PLS . tiee (S ol

\e. a A N4 4 I ¥ Y Y \ ID
Xy X\ XA Xv X5 Xs Xf Xy Xy X\ o dasin
Y- k! YA VY \id 'O VY VY VY " ID
Xya Xy XVA Xy# Xyvy Xvo X\¥ Xyy Xyy Xa b dasuin
Y. Ya YA Yy \id Yo YY Yy Yy AR ID
Xva Xy XYA Xvy Xvs Xvo Xv¥ Xvy Xvy X\ b dasuin
o

E-ISSN: 3041-8933


https://portal.issn.org/resource/ISSN/3041-8933

lay yo JBluo 5951 g cmiilo 51 1 a3 o8N Gl (e (o (Siloyd (S iy 555U 3591 2

* ls &
ko il g dazio Il g g (Sad g S
08 : : T : : :
Y 1 e S N 1
18] 1] e
0 o |_||_| |—||—|.—.rL| ; o rL|
N VL | :
T R e e I
04 0 .‘I" 1IO 1r5 2ID 2|5 3|0
Y g
Uivlei g Lijsel dcgazme 0 SVM ouiss” sus il aceis lide o PLS o S ol
el B 5l e aakio Ve sl all) aies o Slee
il (WYe) a9l (1Y) datinojled  ialol (Vo) Lo5sel (VY) dasuin o,leds (aiwn
< LAY < YA ) -mf ac=#) <A - YA 1#mf ac=#) &l dlez iz ot
< AY -29¥ )-mfac=r) -.va -394 1 'mf ac=r) degree=¥)
- AV - av ymf ac=r) - AY -39 )-mfac=r)  RBFw=-.t,C=r--)
asS gon anb
OSU_SVM-.- -.
¥ Jgu
SVM (RBF) oawss” guvails o,Slae 4 PLS 0 oo Sy ol
Gs.iLa}T 4 oo ‘5;2))‘5,01 Ac gasre >, Slos
vo vy SV
- ASEY - ASPY o i
. AYYS < AFAY ol
S ANy - AAYY ol
2.V -,4AYY Code oy Gl )l
< AYA - AAYY (Sike (S a lie
OSU_SVM- .- - . souss S dalbs
FJgua
PLS .E.w}a oLl ‘_J/;p_//,o.e,o d["%;”)“}
ID Sgpl B 5l
VIP lodasie Sk ol
) RAR; Xa b bl JS/ Ll g
v A Xr G5 53 P98 [ale
¥ RS2 Xyy hls JST gy
¥ e 00 Xy Gl sl anf 6yl ool




m) VFeF ol o)l e Loy 0599 )l 9 o’ Judodi' g Ligy o ko RULS T RUIE

b s 0f Xy sl sl sl by
$ b Xy b oy [ Sllas
\ ’,"f{) XY JSLE@‘)L) /6&.5.0 L‘buﬁ")b

odd )| ¥ Jgazr 10 a5 0ds plowl abgy pe glaasls dslre sl (Sliolojl ( ptalej] degorne 5 (ohjgal degacme jo ¥ al> o
o

ladasiie degamo ) 5 ond gl Finl Wyl o cos 4 tale)] Acgerma 13 |y Lot STas a5 1) Slbdwsiine ¥ als s
ol 00 03,91 F Jgu> jo bl ol ools & 8 oud Sl

acgorme 3o RBF aies 8 Shae (gly SVC Lloli &5 b bkl aseiin VY ggamme 3l daseio V o Sigjil B 51 uy

el Cews 4y 5 Lalg, 5l eolatl Lo asls ya iy dale j ey oy oo AAY @ iubej]

ol (g ddb PESWR) oy digad

Ceo 5 =
ol gy sleai b aigal

odls g i w4 slacaie diges

Sl =
By slacaio diges

Mt b (gt kb ] (6 01 ol s polis

odd (o Al (S )d 4y (sl shie Aiges
..“ .."=

u;’j‘5 6L°’<5‘3“‘° digos

i oo (LS |y (620 9 5 B0 (s Akl oy poli

o (guin adb S ) A S win digal

- . . lode =
° & ‘5‘-\-;-3 ".I 6[.@ .o..: 4-; .

(ol ol 48,8 L5 o Sl g lgie 4y 28l SwaSlS

odls (g aib St yd 4y sla cate digel

SR S Gy e =
’ odds (s dib slo aie digel

Y
E-ISSN: 3041-8933


https://portal.issn.org/resource/ISSN/3041-8933

lay yo JBluo 5951 g cmiilo 51 1 a3 o8N Gl (e (o (Siloyd (S iy 555U 3591 2 m)

L ‘s.*uLo)T 4.95.0.7:.& 9 ‘54...:)5.0] A.CM 6‘).' ULH"'“'“" )‘b)..‘ dde w‘ AW 4.._‘>L..w m)jf.c u\ﬁ...c L (5‘3‘3 4.......5.»..»)5 ).».C
o o L 1) el g5 (612 (698 Yl (2l ol gy (soleitg Jae a5 amd e Lt ol el 5L 050 (talesl 5 (o]

o aib Jae (0 wlas 0aias lis a5 sy go Qo y 3 AY s Sl 75 5 0o )0 AY B o &5 iulo] degomma 4o
M/" )3).& @L..ul...w C); ! ;...W :')3 )...C C).' OMQULHJ >_Q...a LSH"L)’“'U )LAM ! S )0 Ay L le...ul.....u C).' FUR )5 Ld‘5
33,5 alowl g g (SSg38l b baosls o g ayjo0 alin 1) Sy Sl latl o a5 08 oo awlb 1) pol> g

5905 o 1) baasin o (ades 56 oo job 4 wlgi oo PLS sans oo i) i 0 jSlee 4tz uaiz jl ooleiiiy (b,
b,..)um;M—ljs)al)‘;fs)m&mdbu.;)oBﬁ‘scobu\\)@Ludwlemwul...l.o.c;i»u;lM)Miljéfwlo
s SV) Sty ol 5l oS Slow lawgs LS Q] W G5 preal b aS cl oyl SVC oo cojpe (F Jgoz) s o &l

B3 i pe g BLol slaools acgaze o) s s (5l Joe colild Wlg o SVC s PLS oS5 06 o
0 Jgu=

(lodarivo dan) L 0l5, e 45 Gulul 5 isloil 5 iisel jILVQ aSCis jasess &0 aeg0m0

Sy Ve ol Sl

ales] asgazne Pi9el acgorma
K =19 Lagyg, 05 olows (i) (0B, sras aSed olol 5 LVQasis 5 Slos
« VAYY - FAVY o
. VY'FE S F0A B
. ATAY - YYEA Copolais

- AYaY - VYY) Cadle (o Gl e

S VYFY - FOPY T

# Jgu=

(Kigpsl S i ) (0l e a5 o] o alejT 5 G3isel jILVQ 4l (astis &) degarmo

S99 VY B 5l ey il
N R el aegaze
K= logyg,s olaws (age) (0B, mae oS ;0 LVQ aSs o ,Sles
< YAYY AR o
. VYFE S FENY B
- ATAY S YEVF Copolazs

- AYAY - VYY) Codle (o Gl loEe
S VYEE PV e (s ey e




m) VFeF ol o)l e Loy 0599 )l 9 o’ Judodi' g Ligy o ko RULS T RUIE

v Jguz

oinloil g o550l acgazme 0 SVM oS cus dil lolis i

938l YY B 5l e pasia Vel L) aies &b

(e

SV O bl (Y) Gosgal NY OY+) kel OY+) Goygal

f.YA <, YA YA Ya,f-. A A k>
\AARS 'A% <,qY 1,79 BAAY -,40 (Mg doz 3>
YEYY <, YA Vo YY.YY EA'A% Ve Mg doz o>
YEXY EAAY Voo YAYY AR Vo0 (P! dlo 2>
£ .f AL < AY Ta,¥4 - va ‘M RBF@=-Y,C
=Y.)

OSU_SVM: .- - . 00 (o ails

b 2l gl anglie sl (gl aiag )3 (6508 ladae sl by (risliel polaie 4

sk & el sladlo ;o 4t (nl il (658 prend (Ul 5 6,5 slusgs dlas Joodi Tl (Y Wiz (4555 ) (s 40
s Sl i e sloshs Sl ol ont e e Sy o) 5 (e OISR i ey shasism 0 o
bl ey oo 35STas @ o)1 anseis ey a5 olKin K coae sla Jobo olans  italojl acgomme (sl 0,130 50 aSits samails
amoo s bl 12 Ly K e (gla gl 85 45 _olSian | aoms O Jga sl 19

0 390l 0,bs0 K= 10 oae slaJghu sloss 5 a8 ¢ L) duaseinn YV Bis 5l s« 5 uad &

Sl oas &I F Joax jo glolid 5 gou adds gl

sbaasine 18545 C8 8 ax el e emdly jo el e ey NN oo s 280 (golprinn Jow ol b awslio jo
Bl oo (Bb ydd e cdolej] dcgaze aseis Jlade (i I bl dapy oS S50l ASgazme miSiS e ol B> Sl
b e Joe S glacasgame Sl g 955 Soop 6550k Guyb il s et (610 palE WS e 4 Wlgi e ras 4SS &5 ol
Slwlee & 508 (ANN) coins ouac aSih a5 amd oo i Guized (ol lad 0925 L8 51 ladasuine GBl 4 (g5L5 weenl o5l
O ol denz Oldes 4z ST Lo)ls placusgaze (Y Wiz (9w p) (orae SASS 3505, (b (pl b o)ls (658 (s e
sl (53ls5 (5205 5 Jalge Lol S s lalit T 5 1, g e (sladaiin 255 SigS Sl gos Ll ans e |, gl
K=19 coly ;o 5 ooy eoliiwl aSis polae &8 > (sl il 51 idgh cpl ;0 .00 g3y a5l Lbjgel § bl jo aSis o3l
s S bl il i el Ses oz e SBASAD (ol ogdle (i i Sig3l 4 olSan K = 10) wt ol
DB oo Cewsd ) pend gl oUlgs

4 SVC Lol 5 s atlb oS e | e S diges o Shoe 9 Vb o il 0 SVC 5y cie (i S0
RBF wis ol 5 slalos iz atwn o a3 atws bxol jo .casl OSU_SVM3.00 |l5l a5l oolazwl b oasS sow aib leie

bl 5 SVC aseid asel o i Sl 00 00ls (Las ¥ Jooz 10 Slewlre gl g abgyye s yiel)lb Slondas ol Sl

¥
E-ISSN: 3041-8933


https://portal.issn.org/resource/ISSN/3041-8933

lay yo JBluo 5951 g cmiilo 51 1 a3 o8N Gl (e (o (Siloyd (S iy 555U 3591 2 m)

s ol o 45 SVM Joo s NN oo 4y Cd (5 50 ol pol> gy (golpinin Jow a5 ol msly

S5 Azl g Sy

Siloy it sl g Jae CVM planty jlop il 5 (PLS) 52 Slasye Jlam gy 385 b canlllas ) )0
Ol VL B ile 6ok o plu s (S slagts, b analie o Jae cpl a5 ol (LA (02 @bl al Ll JLe
S5 Slytan s Jlo ooz Blae Jlos o cwile 6,50l slaei oS YL oLl Sils a5 40838 Sldlas b baazily
(Altman et al., 1994)

ot o L oadls Gl 1 SG je ST g WS alulid (s 5 jobas | b e (Jlo o a L Cudlss ooleii (B9,
S wluiz padeis Jlov § Sz g )8) wiile (G slaghy; & S (s3leiiny Joe Syl uled Goend (S8l
MiN ) 558 o wgmne pie 2B, Cupe o s St o ysie JDlitul o baosls (o8 oy bl (sl oS e Sl ae 4y il
(& Jeong, 2009; Soori et al., 2023

smas raSll ax 31 ol s 6y o ,Sles PLS—SVM‘_,;._;)S Jow (ANN Eomas gmas 4SS sl Jue b anlis jo
Cho ) o5 o oy Bpret Glgi malS Eel 0o il ‘5:23)'9.41 slrosls 4y 5L g o031 n s ISt Ll syl oYL con yian 508
oolazl b« golpiin Jow a5 J> ,0 (et al., 2009; Mumali, 2022; Mumali & Katkowska, 2024; Vendittoli et al., 2024
33 |y st 85 5 5l SYMI (55050 b 5 085 Cupata |y o sloasls oo sy sloSro cunilys PLS |

WoaisS s st 0,5k 3ot )0 (6 Kot il baosls g3l Bi> a5 ols olis cilies sla Jow o ,Shas duglio o
zl5el )0 PLS (oYL LUlgs soumoylis a5 dl ol38l o 0 AY a4y solpiion Jow S8 75«5 y5p0 e sla Sg BA> 5l o 010
(Fanning & Cogger, 1994) coul oouzy sloosls dcgome ;I loline slo 559

eIy sras aSed slagtgy ol 500 lagis) & Sl S Gpdipeed ) Ol Ul csdleria Joe bilie 500 S
Srinivasan & Kim, 1988; ) wi)lu 1, Jb slapsie (ids ogas ,0 Blad Slbesg @l Kl (y0g "obw 4" coole
DS oSS e (9 )0 gerie Ho i Judog 4 ols slel zelS a5 PLS g, Ll (Srinivasan & Ruparel, 1990

2 Wl e Joe cpl ol atils o jen 4 Jlo Slawie sl 1) so0xie sblse wilgs o PLS-SVM .S 5 Jow 5l olaxul
Olirelol b atlyis Jlo Slasgo 055 oa 2eely Joo nl (§Vb 230 3,25 18 oolisul 990 (s yine (5 Ll (s00a5) 5 litel il il 3
Elmer & ) oss’ Glas! Jlo oMSiw sl slocs i 4 ply slhacl 51 Lol slacS) 51 5 55l 0 Jbo pobie arass 4 (s i
(Borowski, 1988

e orl 3l asdlgioe (b lpae o)l (ol 285 (Kb 607085 Slas S pead 9 Woply S Co e )3 oo (ol e
5 &Il s SIS 1o Kos (g9 5l (Davis et al., 1992) ssles solatul g lael slocSus, ials g 055 (s9i5  Judo sy

Sy oy Jlo Siyaeln g Sy Sanae sl )l Glye 4 Joe Gl 5l ol os de Sl



m) VFeF ol o)l e Loy 0599 )l 9 o’ Judodi' g Ligy o ko RULS T RUIE

aegorme S sl ondall)l Jae Yl )ls s52g adlllas nl 53 5 lacusgame (S wgoleiing Joe 4255 b bl 3979 L
bl Jowe 6 pdspmens ool ply ol anisls Sbdlol a4 5l mlo sl @ly cul oSaw 5 col onds b)) 5 (b Lol ool
(Coates & Fant, 1993) 5 .5 |13 )0 0,00 § 850 5 ydon slaosls

Sl asls o Ly slakame ;5 cosl (Sow Ll )1y g0l sblze 42,8 PLS 33,k 5l coslin Jlo (sla S5 sl Lk
Ol b5k 5 Lgy (g GBSl GSasS 1 oolinl o ycnl 5l ojle (g59,0 1) Joo Glojg,a ciins yoss J o Lasls S
(Min & Jeong, 2009; Min & Lee, 2005) 545 o oy  done

Slr 380 5 w5 by, Ko plyie 4 Wlgiiee Ol oy oedle L PLS Juo oS5 a8 ws o oLt gy ool s
Slo Slsgo 5 1S 5 4y mnlio (a5 Yl 283 W1 L e Jote (nl 05 1,3 o0liiul 5,90 S )8 o (Suileys s
a8 3BT g Liel 5 o S e 0395 55 (6 it Slowoas b aiS o S

D (slmools ol 5 a5 250l (sloi 55 3l o0lisiol b K00 (oS 5 (oo dnmosi  ots] Sl 255 s Slgiing
Sleall ooy slp 1) o solSas Wiy co golpainn Jow o Slas 5 (M golazdl Jolge ).q;b S e S 38 a3
S sl S

Sy el slaanTd o e slaglesls sl e Smenat Sl S lyiea Wlsioe soliing Jae sgeme

a8 S8 laglesles (5 yslagm a3l 5 o il 2alS a5 55, )5 4 ssi S pie s jlisl (arass

&l Pyl

2,10 3925 o2dlie slal A5 d « pol> axdllas plol o

OB w95 &5 5 Lo

50,5 il (SLeSy A Q8 s (solos llite cul (35 50

S (55190

el oy S oley IS Jgol 5 (njlae (oled gy cnl bl o

ool cudla

b aalss Jlojl caly (o5 Jgeol caley (red g Jstas odisi | cnlss ;s 0j50 )0yl gl 351 g Laesls
Sl o>

ol @il o ol mpgh o

o)
E-ISSN: 3041-8933


https://portal.issn.org/resource/ISSN/3041-8933

lay yo JBluo 5951 g cmiilo 51 1 a3 o8N Gl (e (o (Siloyd (S iy 555U 3591 2 m)

References

Akour, M., Alenezi, M., & Alsghaier, H. (2022). Software Refactoring Prediction Using SVM and Optimization
Algorithms. Processes, 10(8), 1611. https://doi.org/10.3390/pr10081611

Altman, E. I., Marco, G., & Varetto, F. (1994). Corporate distress diagnosis comparisons using linear discriminant
analysis and neural networks. Journal of Banking and Finance, 18(3), 505-529. https://doi.org/10.1016/0378-
4266(94)90007-8

Arun, C., & Lakshmi, C. (2022). Genetic algorithm-based oversampling approach to prune the class imbalance issue in
software defect prediction. Soft Computing, 26(23), 12915-12931. https://doi.org/10.1007/s00500-021-06112-6

Barniv, R., Agarwal, A., & Leach, R. (1997). Predicting the outcome following bankruptcy filing: A three-state
classification using neural networks. International Journal of Intelligent Systems in Accounting, Finance and
Management, 6(3), 177-194. https://doi.org/10.1002/(SICI)1099-1174(199709)6:3<177::AID-ISAF134>3.0.CO;2-

D
Cho, S., Kim, J., & Bae, J. K. (2009). An integrative model with subject weight based on neural network learning for
bankruptcy prediction. Expert Systems with Applications, 36(1), 403-410.

https://doi.org/10.1016/j.eswa.2007.09.060

Coates, P., & Fant, L. (1993). Recognizing financial distress patterns using a neural network tool. Financial management,
22(3), 142-155. https://doi.org/10.2307/3665934

Cristianini, N., & Shawe-Taylor, J. (2000). An Introduction to Support Vector Machines and Other Kernel-Based
Learning Methods. Cambridge University Press.

Curram, S. P., & Mingers, J. (1994). Neural networks, decision tree induction and discriminant analysis: An empirical
comparison. Journal of Operational Research Society, 45(4), 440-450. https://doi.org/10.1057/jors.1994.62

Davis, R. H., Edelman, D. B., & Gammerman, A. J. (1992). Machine learning algorithms for credit-card applications.
IMA Journal of Mathematics Applied in Business and Industry, 4, 43-51. https://doi.org/10.1093/imaman/4.1.43

Dedene, G. (2002). A comparison of state-of-the-art classification techniques for expert automobile insurance claim fraud
detection. The Journal of Risk and Insurance, 69(3), 373-421. https://onlinelibrary.wiley.com/doi/abs/10.1111/1539-
6975.00023

Desai, V. S., Conway, J. N., & Overstreet, G. A. (1997). Credit scoring models in the credit union environment using
neural networks and genetic algorithms. IMA Journal of Mathematics Applied in Business and Industry, 8, 324-346.
https://doi.org/10.1093/imaman/8.4.323

Elmer, P. J., & Borowski, D. M. (1988). An expert system approach to financial analysis: The case of S&L bankruptcy.
Financial management, 17(3), 66-76. https://doi.org/10.2307/3666073

Emel, A. B., Oral, M., Reisman, A., & Yolalan, R. (2003). A credit scoring approach for the Commercial Banking Sector.
Socio-Economic Planning Sciences, 37, 103-123. https://doi.org/10.1016/S0038-0121(02)00044-7

Fan, A., & Palaniswami, M. (2000). Selecting bankruptcy predictors using a support vector machine approach.
Proceedings of the international joint conference on neural networks,

Fanning, K., & Cogger, K. (1994). A comparative analysis of artificial neural networks using financial distress prediction.
International Journal of Intelligent Systems in Accounting, Finance and Management, 3(3), 241-252.
https://doi.org/10.1002/j.1099-1174.1994.tb00068.x

Fletcher, D., & Goss, E. (1993). Forecasting with neural networks and application using bankruptcy data. Information
and Management, 24, 159-167. https://doi.org/10.1016/0378-7206(93)90064-Z

Goyal, S. (2022). Genetic evolution-based feature selection for software defect prediction using SVMs. Journal of
Circuits, Systems and Computers, 31(11), 2250161. https://doi.org/10.1142/S0218126622501614

Hameed, S., Elsheikh, Y., & Azzeh, M. (2023). An optimized case-based software project effort estimation using genetic
algorithm. Information and Software Technology, 153, 107088. https://doi.org/10.1016/j.infsof.2022.107088

Kollar, A. (2021). Betting Models Using Al: A Review on ANN, SVM, and Markov Chain.
https://doi.org/10.31219/osf.io/mr2v3

Lee, K., Han, I., & Kwon, Y. (1996). Hybrid neural networks for bankruptcy predictions. Decision Support Systems, 18,
63-72. https://doi.org/10.1016/0167-9236(96)00018-8

Lee, T. S, Chiu, C. C., Lu, C. J., & Chen, I. F. (2002). Credit scoring using hybrid neural discriminant technique. Expert
Systems with Applications, 23, 245-254. https://doi.org/10.1016/S0957-4174(02)00044-1

Lopez, J. A., & Saidenberg, M. R. (2000). Evaluating credit risk models. Journal of Banking and Finance, 24(1-2), 151-
165. https://doi.org/10.1016/S0378-4266(99)00055-2

Lorber, A., Wangen, L., & Kowalski, B. (1987). A theoretical foundation for the PLS algorithm. Journal of
Chemometrics, 1, 19-31. https://doi.org/10.1002/cem.1180010105

Malhotra, R., & Malhotra, D. K. (2002). Differentiating between good credits and bad credits using neuro-fuzzy systems.
European Journal of Operational Research, 136(2), 190-211. https://doi.org/10.1016/S0377-2217(01)00052-2


https://doi.org/10.3390/pr10081611
https://doi.org/10.1016/0378-4266(94)90007-8
https://doi.org/10.1016/0378-4266(94)90007-8
https://doi.org/10.1007/s00500-021-06112-6
https://doi.org/10.1002/(SICI)1099-1174(199709)6:3
https://doi.org/10.1016/j.eswa.2007.09.060
https://doi.org/10.2307/3665934
https://doi.org/10.1057/jors.1994.62
https://doi.org/10.1093/imaman/4.1.43
https://onlinelibrary.wiley.com/doi/abs/10.1111/1539-6975.00023
https://onlinelibrary.wiley.com/doi/abs/10.1111/1539-6975.00023
https://doi.org/10.1093/imaman/8.4.323
https://doi.org/10.2307/3666073
https://doi.org/10.1016/S0038-0121(02)00044-7
https://doi.org/10.1002/j.1099-1174.1994.tb00068.x
https://doi.org/10.1016/0378-7206(93)90064-Z
https://doi.org/10.1142/S0218126622501614
https://doi.org/10.1016/j.infsof.2022.107088
https://doi.org/10.31219/osf.io/mr2v3
https://doi.org/10.1016/0167-9236(96)00018-8
https://doi.org/10.1016/S0957-4174(02)00044-1
https://doi.org/10.1016/S0378-4266(99)00055-2
https://doi.org/10.1002/cem.1180010105
https://doi.org/10.1016/S0377-2217(01)00052-2

m) VFeF ol o)l e Loy 0599 )l 9 o’ Judodi' g Ligy o ko RULS T RUIE

Markham, 1. S., & Ragsdale, C. T. (1995). Combining neural networks and statistical predictions to solve the
classification problem in discriminant analysis. Decision Sciences, 26(2), 229-242. https://doi.org/10.1111/j.1540-
5915.1995.tb01427.x

Martin, D. (1997). Early warning of bank failure: A logit regression approach. Journal of Banking and Finance, 1, 249-
276. https://doi.org/10.1016/0378-4266(77)90022-X

Min, J. H., & Jeong, C. (2009). A binary classification method for bankruptcy prediction. Expert Systems with
Applications, 36, 5256-5263. https://doi.org/10.1016/j.eswa.2008.06.073

Min, J. H., & Lee, Y.-C. (2005). Bankruptcy prediction using support vector machine with optimal choice of kernel
function parameters. Expert Systems with Applications, 28(4), 603-614. https://doi.org/10.1016/j.eswa.2004.12.008

Moody, J. E. (1992). The effective number of parameters: An analysis of generalization and regularization in nonlinear
learning systems. NIPS,

Mumali, F. (2022). Artificial neural network-based decision support systems in manufactur ing processes: A systematic
literature review. Computers and Industrial Engineering, 165, 107964. https://doi.org/10.1016/j.cie.2022.107964

Mumali, F., & Katkowska, J. (2024). Intelligent support in manufacturing process selection based on artifi cial neural
networks, fuzzy logic, and genetic algorithms: Current sta te and future perspectives. Computers and Industrial
Engineering, 193, 110272. https://doi.org/10.1016/j.cie.2024.110272

Obaideen, K. (2024). Autonomous Unmanned Systems: Traversing the Bibliometric Terrain of Genetic Algorithm-Based
Path Planning. 8. https://doi.org/10.1117/12.3013834

Pietruszkiewicz, W. (2004). Application of discrete predicting structures in an early warning expert system for financial
distress Szczecin Technical University]. Szczecin. https://www.researchgate.net/publication/265382972

Psyridou, M., Koponen, T., Tolvanen, A., Aunola, K., Lerkkanen, M.-K., Poikkeus, A.-M., & Torppa, M. (2024). Early
prediction of math difficulties with the use of a neural networks model. Journal of Educational Psychology, 116(2),
212-232. https://doi.org/10.1037/edu0000835

Reyaz, N., Ahamad, G., Khan, N. J., Naseem, M., & Ali, J. (2023). SVMCT]I: Support Vector Machine-Based Cricket
Talent Identification Model. https://doi.org/10.21203/rs.3.rs-2727187/v1

Rumbe, G., Hamasha, M., & Mashagbeh, S. (2024). A comparison of Holts-Winter and Artificial Neural Network
approach in forecasting: A case study for tent manufacturing industry. Results in Engineering, 21, 101899.
https://doi.org/10.1016/j.rineng.2024.101899

Saeed, S., Baber, J., Bakhtyar, M., Ullah, I., Sheikh, N., Dad, I., & Sanjrani, A. A. (2018). Empirical evaluation of SVM
for facial expression recognition. International Journal of Advanced Computer Science and Applications, 9(11).
https://doi.org/10.14569/ijacsa.2018.091195

Santoso, M., Sutjiadi, R., & Lim, R. (2018). Indonesian Stock Prediction Using Support Vector Machine (SVM). Matec
Web of Conferences, 164, 01031. https://doi.org/10.1051/matecconf/201816401031

Sarle, W. S. (1995). Stopped training and other remedies for overfitting. Proceedings of the twenty-seventh symposium
on the interface of computing science and statistics,

Smith, M.  (1993). Neural networks for statistical modeling. Van  Nostrand  Reinhold.
https://archive.org/details/neuralnetworksfo0000smit

Soori, M., Arezoo, B., & Dastres, R. (2023). Atrtificial neural networks in supply chain management, a review. Journal
of Economy and Technology, 1, 179-196. https://doi.org/10.1016/j.ject.2023.11.002

Srinivasan, V., & Kim, Y. H. (1988). Designing expert financial systems: A case study of corporate credit management.
Financial management, 5, 32-43. https://doi.org/10.2307/3666070

Srinivasan, V., & Ruparel, B. (1990). CGX: An expert support system for credit granting. European Journal of
Operational Research, 45, 293-308. https://doi.org/10.1016/0377-2217(90)90194-G

Vendittoli, V., Polini, W., Walter, M. S. J., & GeiBelsdder, S. (2024). Introducing Artificial Neural Networks to predict
the dimensional and micro-geometrical deviations of additively manufactured parts. Procedia CIRP, 129, 181-186.
https://doi.org/10.1016/J.PROCIR.2024.10.032

Wang, S. (2024). SVM-based Support Vector Type Recognition Machine for Smart Things in Soccer Training Motion
Recognition. Scalable Computing Practice and Experience, 25(4), 2519-2531.
https://doi.org/10.12694/scpe.v25i4.2923

oY
E-ISSN: 3041-8933


https://portal.issn.org/resource/ISSN/3041-8933
https://doi.org/10.1111/j.1540-5915.1995.tb01427.x
https://doi.org/10.1111/j.1540-5915.1995.tb01427.x
https://doi.org/10.1016/0378-4266(77)90022-X
https://doi.org/10.1016/j.eswa.2008.06.073
https://doi.org/10.1016/j.eswa.2004.12.008
https://doi.org/10.1016/j.cie.2022.107964
https://doi.org/10.1016/j.cie.2024.110272
https://doi.org/10.1117/12.3013834
https://www.researchgate.net/publication/265382972
https://doi.org/10.1037/edu0000835
https://doi.org/10.21203/rs.3.rs-2727187/v1
https://doi.org/10.1016/j.rineng.2024.101899
https://doi.org/10.14569/ijacsa.2018.091195
https://doi.org/10.1051/matecconf/201816401031
https://archive.org/details/neuralnetworksfo0000smit
https://doi.org/10.1016/j.ject.2023.11.002
https://doi.org/10.2307/3666070
https://doi.org/10.1016/0377-2217(90)90194-G
https://doi.org/10.1016/J.PROCIR.2024.10.032
https://doi.org/10.12694/scpe.v25i4.2923

