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Abstract:

This research aims to develop a data-driven credit rating model for rating Syrian
private banks according to their level of creditworthiness, using fuzzy logic
enhanced by the Genetic and Particle Swarm Optimization Algorithms. The

research relied, in building the model, on the financial stability indicator (Z-
score) as a reference benchmark for assessing creditworthiness in the absence of
official credit ratings for banks, while the model output represents a composite
index reflecting banks’ creditworthiness, which is subsequently transformed into
rating grades.

The model inputs were determined based on a set of bank-specific, sectoral, and
macroeconomic variables with the highest ability to explain financial stability,
which were extracted using the Genetic Algorithm and the Random Forest.
Subsequently, a hierarchical fuzzy network was designed based on the Takagi—
Sugeno framework, by transforming the inputs into intermediate nodes reflecting
the internal and external environment of the bank, such that these nodes function
as an aggregation layer linking the primary variables to the model output.

The empirical results demonstrated a high level of accuracy of the proposed
model in representing the behavior of the reference financial stability indicator,
with a coefficient of determination of 89.28%, while the root mean square error
reached approximately 4.4%, which is a low level indicating the model’s ability
to reduce the gap between the values generated by the model and the reference
values. Moreover, the results revealed a strong and statistically significant
positive rank correlation between the credit ratings derived from the model and
the reference ratings, as measured by the tie-corrected Spearman’s rank
correlation coefficient, which confirms the ability of the model to preserve the
relative ordering of credit risks.

Keywords: Syrian Private Banks, Creditworthiness, Credit Rating, Financial
Stability, Fuzzy Logic, Genetic Algorithm, Particle Swarm Optimization
Algorithm.
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t b LS st <0 Alual) ae gl (e ) adine 2 wis - abally gl 5ils o Y] Sillead pnds L),
/ pop = round(rand(Npep, Npits))
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tol LS pdinall Jiall aladinly cladaall i)

pop = rand(Nyop, Nyar)
asinall (3 D) 2o Ny, 5 asinall (B e JSU 15 0 G sl dese Adlsdic af e (550t A ghias pop Jidi Cun
s LAY Ay Jaly aial Lllae ) Lgiale) iy cdaidae il oda of liiels asmses S JS 3 laled) 232 Ny, 5
40 A8

P = (Pni = P1o)P + Pio

32 »11



‘Amj.d\ “AAAJA scﬂ.a.a i.ul.di‘){\ B‘)\A;j\ LE):""““‘ éﬂ} Laldll L‘)}J\ u‘)\.m.on u.\.uaﬂ C):\s.n (;\Laﬁ\ u:um:i C.J}AJ

el cillee 33y Tl Aaial) ae sl ddagyal) oLady) Jlgd Gania lalaall 03a 73l aay slaall sl api alals
cgaanll Candl o limd Jals Ludlia Lasassas S Lajliie by il degane IS ) dad Gy ¢lgss Aappally culyaball gl
s oLty Jls el (8 ol Baa3 ) e Lar e bl Ala ) Z8SY 08 Jos o ) Akl leal) 028 ainsi
el aeld Ay
Gilaa lsall Alile aria AALISIA- Uil Granl) s lsd ol e Cilarmal) Glad gprat ey )lsd axd AT il e
= baall @bl Ly ) [BEW Kennedy & Eberhart (1995) Js (e 8ya JsY QJ}L 2 oleall £18A e 3adiaal)
Sia Jaly il Llall apa e Slepuall gas (S ) A lall Giags Leliall e slaall Ly 8 @lau)y )bl
8o A il yus pe celiadl) 8 Cilapuall ppead Ailglic 48000 adlse alind A (e @I (33 2y . alag) 2aeie
iy catieyun o SLaieVl Lels arn JS pise Cuaat gy S alSlae JO5 o B lsal) 2 oy Load dlpe
Eand Alee JS axy Caagd) A1 i wly a8 (s A arall Cig e adise Juadly (Alldl olind 3 Cagyna alle adige
Clapeal) pan® and) o liad 8 4 yeal) 3asal) adlgall Paia¥ls LIS (o zeaie DA (as « 85l 5550 ans wadisall
.(Brownlee, 2011) Lo bl sae i saaly JFie 4 Jsn e i
sl o seia alaainly sl 2axie Jola climd Jaby geleall Gandl e de) )il adiad cdyluall 2ol alg Bl g
fol LS mge Antiey 4t ey el ac)gil) Al Sldiae Ma prn IS i - pguasas S0 0 Yy

‘ x; = [Xi1, Xi2, -, Xip ] ) ) )
vy dafall Apluall de senall ) (goalll sl Hlodl Jhe ddplucall saclll GlisSa (e ladae LSy 220 S Jiay das
it ccyilally mglyily V) Cililee (e Yays Agiad) duahyleal) b sadinall Lgnds A8SH A3 patiuly sy JS 5253 iy
ccppadl dia alle aiage (hndly arall adin () pinge duadl ) 1ol Cilasall aages deju S e Gaa 153
s ol cpalaleal) G

new _ ,,old local best old global best old
Vig =Vig +I1-m-(xg —Xpg) T r-(xg — Xiq
new _ ..old new
Xig =Xia tVig

Iy aleill ol s Leiy ¢ JSS Gl alle puage JuailcJOPHPE0 Wl g0 8 m g Juadl xfOPalbeSt fig
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Liiagl clplasy) 1(2) Jgaad

5ail) Aall) | L) Aall) | (gbmall Gihad¥) | olual) bgiall | siial)
491.4395 | .3055134 | 70.43341 47.96852 | Z-Score
29.45721 | 23.24078 | 1.161504 25.66077 Size
3.348969 | .0243476 | .6908391 5322594 CAR
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O o e Lale ) Al yladl eyl Jla) 2ae (s cclliyy sagaa by Jiss die Ljye zasaill Cunad 2y Cua
2015l (e e (4) dsaal) (apey Adad) Jslall (e Yoy (Global Optimum) Asallad) LB Y Jseasl) laial (55 0
Opaend Aa) lsa aladinly salsall Aplucall ae ) (e ey ol 187 e JUlly Ayl dua) sl aladinly 520 sal) dpluzal)

205 laae Jllly lagual) il
Aol 215l e A :(4) Jsaad

Al 4 ) ) 58 aladiiady 3.1 gal) dysludal) 201 i) (e die
1 If (CAR is Classl) and (TLDR is Class1) and (NPLITL is)CIassZ) and (STM is Classl) then (Internal_out is
Class9

2 If (CAR is Class3) and (TLDR is Class3) and (EM is Class2) and (NPLTL is Class3) and (STM is Class1) then
(Internal_out is Class7)

3 If (CAR is Classl) and (TLDR is Class3) and (EM is Class1) and (NPLTL is Class1) and (STM is Class2) then
(Internal_out is Classl)

4 If (CAR is Classl) and (TLDR is Class2) and (EM is ClasiSZ) and (NPLTL is Class2) and (STM is Class2) then
(Internal_out is Classl)

5 | If (CARis Class2) and (TLDR is Class3) and (EM is Class3) and (NPLTL is Class3) then (Internal_out is Class9)

6 | If (CAR s Class3) and (TLDR is Class2) and (EM is Class2) and (NPLTL is Class2) then (Internal_out is Class8)

7 If (CAR is Classl) and (TLDR is Class2) and (EM is Class1) and (NPLTL is Class3) and (STM is Class2) then
(Internal_out is Class7)

8 If (CAR is Classl) and (TLDR is Classl) and (EM is Clas_s3) and (NPLTL is Class2) and (STM is Class2) then
(Internal_out is Classl)

9 If (CAR is Class2) and (TLDR is Class1) and (EM is Class1) and (NPLTL is Class2) and (STM is Class3) then
(Internal_out is Class3)

10 | If (CAR s Class3) and (TLDR is Class2) and (EM is Class3) and (STM is Classl) then (Internal_out is Class8)

lageal) il jaul Cppnunt daJ 53 aladiaddy Bl gal) dglpal) 21 58l (e Al

1 If (CAR is Class3) and (NPLTL is Classl) and (STM is Classl) then (Internal_out is Class4)

2 If (CAR is Classl) and (TLDR is Class2) and (EM is Class2) and (STM is Classl) then (Internal_out is Class5)

3 If (TLDR is Classl) and (EM is Class2) and (NPL;I'L is ():Iassl) and (STM is Classl) then (Internal_out is

Class10

4 If (CAR is Class2) and (TLDR is Class2) and (EM is Class1) and (NPLTL is Class3) and (STM is Class2) then
(Internal_out is Class6)

5 If (TLDR is Class3) and (EM is Class2) then (Internal_out is Class5)

6 If (CAR is Classl) and (TLDR is Classl) and (STM is Class1) then (Internal_out is Class1)

7 If (CAR is Classl) and (TLDR is Classl) and (EM is Class2) and (STM is Class2) then (Internal_out is Class2)

8 If (TLDR is Classl) and (NPLTL is Class3) then (Internal_out is Class1)

9 | If (CAR s Classl) and (EM is Classl) and (NPLTL is Class3) and (STM is Class2) then (Internal_out is Class4)

10 If (NPLTL is Class2) and (STM is Classl) then (Internal_out is Class9)

MATLAB cilayia e alaieWh ol slae] (e 1 jaadll

S sale) Bulaall 238 Cingas o3 - Cilarall Gyl (et aa)led aladinls z3lail) Sylae s ipluall aclgll) alss s
O el oz 3Ll 508 e by il bl 8 Aledl) alad) GuSai] cblaaall A gall) clygisall agaa
DUEY) gy cDA bayi 3l Quantiles Jalal Lty 4405Y) A daal) O llaall gisi o3 LS cclyaiall ikl LS
Ot AR Lo sl QY i) Uil ey 3) g all Ayl 508l 18y ) i) 138 (0353 Cam ¢ amal) L)
sie elaa¥) alaall gyss 1.2 e S aladll (55 camn 100 2ie Capaall ana Jan 5 (3 JS5 clajdly claadl)
(5) dsaall yeday . ;1< 100 oylaie cohhll adl aa aas Y 48LYL %50 e olyal) Ayl ) aally 1.8
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elasall ¢ Laasa xlla

e ALY 3)a ) (g5 (3 Aalal) Ay puadl Cojlimal) Caria] - ke LT Cagiaad z3gal

plaall 2x) (GA-PSO) sl o Lait¥) Jlsad Aslidl agussll (2) JSl mimgy LaS chplnall gy 8 o LaitV) Jlgo dlalne

el 3y (PSO-PSO) ¢ 3sad ¢ Leii¥) Jlsal Al syl (3) Sl

Spglaal) dmyg O 6 Laiy) Jlgd cdlalaa 1(5) Jgaad)

FIS Index | Input Name | MF Name | MF_Type | Initial MF_Params M%fl;::fa(r)ns l\/flis_(:’-;‘i?ns
1 CAR Classl gaussmf 0.04,0.00 0.01,0.00 0.00,0.00
1 CAR Class2 gaussmf 0.50,0.08 0.32,0.14 0.30,0.03
1 CAR Class3 gaussmf 0.46,1.00 0.39,1.00 0.42,1.00
1 TLDR Classl gaussmf 0.13,0.00 0.16,0.00 0.28,0.01
1 TLDR Class2 gaussmf 0.50,0.26 0.66,0.23 0.44,0.24
1 TLDR Class3 gaussmf 0.37,1.00 0.36,0.97 0.34,1.00
1 EM Classl gaussmf 0.05,0.00 0.04,0.00 0.03,0.00
1 EM Class2 gaussmf 0.50,0.10 0.41,0.02 0.61,0.08
1 EM Class3 gaussmf 0.45,1.00 0.43,1.00 0.44,1.00
1 NPLTL Classl gaussmf 0.17,0.00 0.07,0.00 0.11,0.00
1 NPLTL Class2 gaussmf 0.50,0.34 0.71,0.32 0.15,0.21
1 NPLTL Class3 gaussmf 0.33,1.00 0.32,1.00 0.05,1.00
1 STM Classl gaussmf 0.03,0.00 0.06,0.08 0.02,0.00
1 STM Class2 gaussmf 0.50,0.06 0.60,0.07 0.50,0.06
1 STM Class3 gaussmf 0.47,1.00 0.59,1.00 0.43,0.95
2 FX Classl gaussmf 0.17,0.00 0.23,0.00 0.17,0.00
2 FX Class2 gaussmf 0.50,0.33 0.30,0.38 0.12,0.20
2 FX Class3 gaussmf 0.33,1.00 0.01,1.00 0.32,1.00
2 Internal input Classl gaussmf 0.25,0.00 0.11,0.00 0.22,0.00
2 Internal input Class2 gaussmf 0.25,0.50 0.16,0.24 0.08,0.43
2 Internal input Class3 gaussmf 0.25,1.00 0.16,1.00 0.20,0.92

MATLAB ilayae e alaieVh Gfialll slae] (e 1 jaadll
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