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Abstract

This study aims to develop a hybrid data-driven internal credit rating model based on fuzzy
logic and artificial intelligence algorithms, enabling the assessment of creditworthiness and the
estimation of probability of default of Syrian conventional private banks in accordance with the
requirements of IFRS 9. This was carried out using quarterly data covering the period from Q1
2013 to Q4 2023.

The model inputs were identified using filter methods based on information theory and wrapper
methods employing search and optimization algorithms alongside machine learning algorithms.
This resulted in identifying a set of variables with the highest explanatory power for
creditworthiness, including regulatory capital to risk-weighted assets, non-performing loans to
total loans, total loans to total deposits, equity multiplier, and the ratio of net open foreign
currency position to regulatory capital, in addition to the exchange rate as a macroeconomic

variable reflecting overall economic conditions.

Accordingly, four fuzzy models were developed based on fuzzy logic enhanced by
metaheuristic optimization algorithms, particularly the Genetic Algorithm (GA) and Particle
Swarm Optimization Algorithm (PSO). The results showed the superiority of the hybrid model
(PSO-PSO), where both fuzzy rules generation and model calibration were conducted using
Particle Swarm Optimization algorithm, in terms of explanatory power, error reduction,
temporal stability, and cross-bank generalizability.

Subsequently, the model outputs were utilized to derive ordinal rating grades using quantile-
based grouping. These ratings were then employed to estimate the probability of default using
Markov chains and logistic calibration model.
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Sl VY a5 e LaadIS e elling cdda cugiall il (pe SalSia Lol i of (o ccnlayal e
Immanuel 5 David Hume e JS 208 LS . Uadlly lgaall (g 5anaie cilags gag ) gyl
Kant gl Ly el jiiall Gaall 3hie Cijd L Hume i Gus aalid) sdgl Slaie Silas kant
o il sag () Dadie dlas By iyt s o g )l a8 asasg )l o
bl i cgad) Al allan g - (mbl laialls Ll g jadll) (DS Ghaial)
Ay pag dlialio Gl e i) alyll shidl o 5,88 Bertrand Russell iUyl
Do) L oy oy IS Ao 6 pragail) o ) paldg cdall) agat o dalige
Lol ) Al call il ganal) dylail Tagas cBpaliil) Cile ganal) 4535 cinla Georg Cantor
Ll lga—iag S o) are Ak DA e Charles Sanders Peirce «llaSy ceal; LGaY
Al ) daay clalCll dabidal) el ay 38 Ludwig Wittgenstein (gl il Cay il
Ghie Jsl Jan Lukasiewicz (sxilsal ahiall ;S LS . ddlide cl s ge it o) oSa saslsl
Bl Las (0, Yo 1) Slays Dy al) 4 Jid 3 il D8 laidl 589 ¢ msarll Jslin
al) saxia sl ) & adll el Ghie S Gl 13 Y s b L lsally (oSadll (Uadl
[(Garrido, 2011) 4l 4Lladll deganall (3 yuaic JSI dgcanll Cila)s asgie J3o Cam
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Cile ganally Blasall il e 4 doay oy al) haiall o ggadd Lsall dbwall Geuia Ul
8 23 pan 25 1965 ale (Lnluall Gle saadll) jagdll dian i (S ol il ggd dnliiall
Jalaill agia sl el ) Coa s dilide ilaaads 8 elalall (e 2l Jlacl G o)\S8l
YY) sy 5 1971 ple 8y .(Zadeh, 1965) Slws) Sl 6 asdall asesl) aa
Zadeh, ) Liagidll anlsas bl shiall LIS jeabiall (e dpaell 4 238 (53 (Aplucal) S
Ol e aaad) Ty ¢l wall aSanll &l ) duylaill a0y skt gy ¢1973 ple 3iay (1971

i) Clleall b oSaall laall sl ks b

Bprall AL clealall (any Jaby el Ghidl 8 daadie Afa; Gl gens BaY cijeh
Cilalga) I5a38 (3l (Slusl & Tanaka & Asai s ¢ 55k & Terano & Shibata wilulys Jie
sl 4,2 Jof Takagi & Sugeno .3 LS .(Garrido, 2011) lealawlag duykaill 1 jokag chaga

.(Takagi & Sugeno, 1985) dalaiall Slilull (1 dnlecall ac)gall

ailaladinly abual) shiall asgda .3
o asis «lasladll Qi 8 38 aacy asandl aa Jalaill Ll ) ol call latal) 3a)
e 150 on dlaaie oy g il o dy o(Aiala/Aann ) Al Cuval dRdal) of 558
Adin o (@diye chasssio (paiiie) Jie (g5l asede ) Lo seaic oLl (520 eSa3 A sl Jlso
Loy o Gum cehadl) 8y e LBl 5 "l LA dasd e AV NG 2ol e dnluall dalady)
Jia) Al m cilasiia ("Aagie Ll sagall’ of "A_cabiie Age ' Jia) disalll ol piiall
03h5 el V) olSA i jekaig clilull i 5 aay ("l Aaiye Enla) lladl
Lty Jlgs Jariag dalacal) achsdll zhadial ab Cua cclill) e sadin dakil Jadl il 138

shidl mad e g oSl dujailly CalaSay) e 30l A ekt et Cilie) led alaaials LT
C'A > ..J e ) - B ‘)‘)‘Pe
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SIS 3l 8 Adlilly 83 G O3lsh (aind gy Gpaall abeilly darcmnll SN o ol

L*g).u.e.d* Al gcua.«a Wi

skl Sl Slas (Liu & Liao, 2016) Al <l ¢ slaall shidl claladi al (3lew i
Sle e YL 2015-1970 55l Pa Lalecall Aalalyl ) sl )l aiaay Aadiyal) EilaY)
z Y of il cyelily \Web of Science cilily saeld (e lajai e ludde Sa 13,901
Caiie 3o lojliia Tad agdi b cclinilally ilima o) (A3 Tagane GIS Jlaall 120 & alal
alaal) aeluai Koy Lo 525 <2000 ple 20 hygiiall 230 b Al 8043 ) Youms cbiipecal

LRl e s Al i) )l a3 CDISe dalladl agie HIS el sl

sacieall z3laill of ) (Bressane et al., 2024) ial) il coldl Ll gl Jlaa i
P G o) pae lgle G A bl 8 Bl Qi) e a3 oleal) laid) e
Cldaill (e desiia degana yo (AT Gk loall V) aledl) G i)l Ay 27 alads
Belman-—) du) il cijelsd ¢oSailly ducliall cililaall Jlae by Al dunigh) Uas (aa
5ol Gaind ) (69 il Cilashia b duluall cileSaall sl ¢ (Flores et al., 2022
e oSaiall e die S I oY) et (K WS cdpaliil) leSanially £jlke (il 4fa
Gaailly Aoy wlall B8l cillee ity Liall Gluahlall ol delih oY) Ay aal) il 2l
iy czh LS a8 Dlgn ) it sl 38 dnlall cleSanall alaas ) o sl

g5 o iyl Cangy Locenia 5lae Ly alasi il Lyluca LS (Cioccolanti et al., 2021)

du;&}_“ @33 2\:1“ i c_le Z\Abal (dvac A< ?‘ b aaldall SDlgial Ll B)EN (e eai:\.wd\

o BSlaall il cpglafy LAdaall Judall ¢ Liagl G Jal) dam dule a aeld e dylall
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de (535 WS el dall cbadll aae Jag o hadl cpiaall aUas dealus (e 05 lal) 2SS0l
zeid) 138 G ) Al g . QU (ghally  AlyeSl ZUaY) 8l ) Ahie aadi e ada
lgmed ie A phall ducse dl) 8L dadail 8 A8l 5US Cppaent o daialy 508 clbiay oSl 8

Aghend did 3

Gl GlsBs)) duaiylsd o (YU, 2024) Gl Cines (bl Jaliny VL) Jlae s

Julat alatll andt g Aungalal) UK AD 8 Cigall ool AUl ave il Al i Ay iac A0 5

Oo alie 5 JASY Lrwse elimgun Chrcar & cdalial) il sl aedd Lol il o<al)
Gl 3 cdiiall Al Ly Gt (8 DS Dl Gis 7 30al of cblad) casl 8y L ablsdal)
dcgana (00 220 o8, LSl Ay Auldl) @5l due))lsin )l %81.2 Jlsa Ll A
283 Jaeay ASa ) sy 3l (e 3sail) (K Lo ¢ piall U )laal) Al ke Jay ¢ ,LaaY)
A8 asnig Lae o8l Aallae ey a3l b el 38y aaadll plail Sac WS %98 ) Ja

Augulall KA 3 gulal

880l ey 4 aclall Clagleal) dallan & el b all (haiad) oy cdplall Vsl 4
(Dol 138 3 aieli€ Shal) laill Ao 2Ha elypal) alas ol a . oal) Gadinl b dailal
g dayps A wig (bl ehdll allas oy LS L dgdal) UL = aly i ) s 3
Shatnawi et ) i)y cia il Gl 13 g . jedll of cudall Glbe 8 ol aus sl
el Jain el ) il ((Covid=19) Gus b e il Lyl Lk (al., 2021
iy Al e alaeWhs Lglaally @lad)l Glgally putll disaay aplly Caladl Jlaudly 1335lasY s

LSl a8 Conlall sae Lisal Al ca Dugal 8308 13 (el 7 3501 raaati o3 cdacagal
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enl) Ll aladily i) (s s Cagiaal Lilua Lalas (Nilashi et al., 2017) Ll cjoha
QLC«JA;A Lé C'_al_al:ul\ @A;ﬂ Q\Aﬁ}ﬂ\ (’-"d:u:' 3.5:1‘).& z\_ubﬂ\ Craddt ) Lo "’""19 U:‘f}—“x‘j\ Mbb
A8 e (e z3gall) Of il pelily L Aulucall aclsll sl HaaiVly Canatll ladly cAgline

agale (a5 Uy sail

sasinl Y (Sanchez-Roger et al., 2019) il cyylil ¢iudyaally 2dla) aglad) Jlae i
a5 )lae Haml J8 Jlyy Lo aedasiad o V) cAladl ol (g aals de gana (b bl Ghadll
Jxd bl ghaial of il jelig . Aal) aglelly 4 wiglly aSanll Lakail Jia (gal claa
Gl LS W il bl e Ly (asaadly il pre ae Jalail) 8 pals (S8
dnaplly duranll QI Jio (GAY) el oSN Clid e ol Ghiall zad ¢f il
Gl ally bl haial s cngd) medl oy sl @l e Jadl el gian Akl

Mgy Y1 il kg Dlim) Y axd Luanl)

i ol ol diagla 4

Ce 4K A calalSial) Jalyally Bl o) s e degana o ol a6 oy aaiey
At s o3a aady gy i) Sl Slas Ayl A aelal) ol AREN e Cilasladl) dallas
il sk Jadpe Sy Lgalaiiad i G LS ol 35w (Y Al &)

dubuall cle ganall Maas 1.4

clariall Jisad o 3 ¢ oobeall Al apaai & Lol Al Al all e sanall s Iy

A Ayl il Qi ane Ly adine g <augia’ <miaig Jie Lbail Glagl ) daaal)
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s ) Clagasall o 2leIS) el clpa i) (e gl 138 2235 gyl shidl o
(S Gl ) lalaall dags Jie) clajaall ol (Ol Gy &l

st Jlgd asanai 2.4

Aapall oda 33l Cum A dulin degene ) Lo juaie claiil da gy Ciagl clad) Jlgd aadind
Gansgal) (Adaiall s Aaliad) A :lgaal g o(JalS elaitl) 1y (slal pac) 0 C ol G
.(Jang et al., 1997) Lagersadly cdaiadl Lspal)

lagas cliias .5ac g 59 ;) Aty aaa) calie J< & Allall oda 33 :(Triangular) dakd) alal) =

13000 Apcal )l dxpall AN 330, cdnlucall deganall 390a Jial Al

f(x,a,b,c) =max{min(9l::2l 2:9;)0}

Cabiall 59,0 b Jia cpa 8 Bac ) agaa Cya Jia

A sl e dihie o (ggian €] AAR Al 4o :(Trapezoidal) 4d sl 4i dlal) =
(ol L) ld il e Bl dgmn et Lol Ak DAl e ST Aig pe AllAI) o3a
aaliy Aul call deganall agaa Jiail ek Tagas Allal) oda el ABd) Aol e ey

A0 Al Al

/x—a d-—x
f(x,a,b,c,d)-max{mm(b_a '1'd—c>'0}

el @l datawal) dahaiall Llgig Al Co b Jiai cpa 8 cLoally Llal) saclall agas d g @ Jiad

cJaS)
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&5 ot A paial) g Akl oLy Jlga (e OS0 Aulaal) 5o liSlly A caliyl) g all Aalaad Tyl
038 () Lasg cclld pag Auysh dallae calla ) colanaill 8 Lopas Wy caasls (33 e Lagalaiiud

Agilabea dadgy 53l Llg3l Jalis e dacls (555 Y Lgilh cdaniies Dohd ahalia (ho 3S5 Jlgal

393 e o g elal) Aapn ias ol Al sda i :(Gaussian) A wsall Alall =
23000 Aucal )l dxpall AN 32k, (ddas

_(x—c)2
f(x,0,c) = e 202

Mgl oSally Al e Zaedlal padien Tyl C 5 cgiluaall Cilad) N 0 e Cus

gl Aol Losant daanall duwsyall A 223 :(Generalized Bell) doceall docyall dllall
il Bang Bl lage G e digpe SST G i) JC 8 B aSaall el G
st Alally Logailly Lalewsdl & Aiciall iasgad) A Lo G A1 s3a aand . jlasiV) A 3,

;3000 Al )l drpall 38T (i pally oSall (DA (g ddyaidll

1
f(x,a,b,c) = |2b

X —C
1+| ;

Bax A b Jalaally Asiall zmpe (Jl @ Joleall o Gug o Aniall Kpe ) € Jalaall 0 S

el pa dan Lenias Lo say cuusall AL 5 lie Tanly Lala) Slabae all A4 el

A pally sl clai¥) Jlgo an e W Tylasy L Jy) bl vie jasi¥l sas Jay a3
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Cirag b Laasia) Jlgall ST e oyl bl delucall 3 Alsg g dagad (e dasnal)
Loald oy cdlilae pe elaii) Jlgd Jiia Legi€a Y oillall DS G e L dulecall cile ganall
e Ghlaay) Aada e (K Al Logers ) A g Lo sag ccilindail) yans Lgallawy

L Sel el Ablaiall

PERPRECEDY P U TR PRI, § i S allal) o3a 33l :(Sigmoidal) dpagers ol Al

1l Acali)ll dapeall 3k (oAl ) Alls (pe Lo Tunyos Yl Clla all iy sl

f(a,b) = o

AN laas) @ aassg Hheall Al e AV dalY) b b Gaa

Sl daalia gbans () a¥) ¢ Slaad) sas 5l caad) sad Ll Wghnadas dagide dagaiand) A} (355
ISl b Japans JIgS waly (s o A o3a padiady aa b ol Tan € (e 453 aalie
(1) ekl 8 oLtV Jlsa Aslal) agensl) 2ol 3 2L e ) Agpaaal)

ubuall ae)gdl ¢l .3.4

oo Al 3 ¢ ol al) shaiall ekl & QYY) Dlee jpsa Anleall aclsdll el dilee K
i)y A Ca i Al (IF=THEN) "l .3 58 (e Al l) aclodl) (he de gena
b il Sl BlSlaa (e plail) (Ras (3 Jaragll aclgall o3 aat L la yaally AN dsall)
Oluagie dag il priall G ddadll g Acadsll QB Carag DA (e gasill o Lal Al

aclgll elid ()
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(Knowledge-based) i i) ddjaall Ao sdinal) ggill =
&0 el 13a aadnidg (Jlaalls agiyeay Guaidall 54 o alaie Wl meil) 138 38y aclgall ol
Assilian s Mamdani Jee Jie 285 . Ll Ma) dolead Ty sty gy caldan  all Lalady)
£50 O el o adiny (g5a] aSat aUai et PAA (e oladV1 13g) lee 3k il (1975)
S V) ey Bla o gl 13 p2it g Byl Ay Bpd (pe A "0l LY

(Mamdani & Assilian, 1975) .zl juuds PLEELER by

(Data—driven) cllull Ao a5lal) mgil) =

Gl yled aladi wly Aado)l clily e alae YL WG i was 5 aclsdll adg gl a3 2
o) 138 iy bl el alenl) Aadal ) ) Gaaslsad) Jie cyedai cpan ) ales
ASaalinall Aaladl T aalio aleny Lae ¢ty Syl gl saaaall cliladl (e Las Lalail 2 )3l
i) ) o adindl meill (e dilas JB OIS g

ol QYN Aol 4.4

Alia Ao ) Joeasll Ldadll Gllall e dnboal) acll) (adail deadi) dahall ) jeds
Okaly Oladgad 2agg

Mamdani 735« .1.4.4

U8 (e opshai o a8y claladn ) sl all YY) il il a8l 0 Mamdani z3ai ey
Lotfi Zadeh lguwud 3l duloall cile sandll 43,05 ) Taliied Mamdani & Assilian (1975)
e U 51973 ple b LanY 4ds (3} (galll pSailly dusalll i) asgie s ¢(1965)
s e ks b ) el Glaiall cndl (bl Y1 e JUEY) 8 Joal) Al 7 3sal

(S e oSl i) Sl sl BSa Glald) 4endi ) Cus caSas allay b 4
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zlall €T e Tanlgy LS oSl Aadal el 8 Lcolad] Lamja 7 3gaill il ¢ cpanl) Gl i

REAEV RPN

J<a e cla idly claad) Cauag &b usy F-Then g51 (e Gaalad 520l e 7 3saill a5k

:(Cordon et al., 2001) Ll dalall Ziall sac\all 32T (Aisal aplie (uSa Anlaca Sl sena
R;:IF X; 1s A;; and ... and X,, 1s A;, THEN Y 1s B;

Wladl Aol call Clegandll Ajq, o, Ajyy diis ceDaadl X, o, X, o 52l Ry Jiad Gua
Loaaall asdl) Jigaty dadeal) Tasi 5ac Bl dad) Anlycall desendd) By Jidi Lo ¢ B2c &) calasial
t b WS F el dale aladialy olus Jias ) el

A" =F(xy), x9=(xg, ., %)
tob LS A" Lalal degane€ xry DA dnie aid Jiiad Sy o aiil) il e alaeY

1,if x = x,
0, otherwise

A(x) = {

t b LS Ry bl a8l oLl s candiat celld sag

,uRl.(x,y) = I(ﬂAi(X),‘U,Bi(y)),VX € Ury EV

Gacztll ol [ Siasg oBy 5 Ay dpe sl ilesanall sLit) g g, () 5 fhg, () i o
Fadhe 3Ra3 dayd 20n3 2 celatil) Cilagy e alae Yl L Aul call B ey G el
Gr—all Llgll Jia (t-norm) abalis Jalas alads als gy () i) ledag yd gad 2 s2c )
t b LS (Minimum)

llAi(xo) =T (HAil(x1); ---r.uAin(xn)) ,Xo = (Xg, ey Xp)
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fob S 4Kl QYY) Bac B Gl o o SOl datia a die Sacldll z)A 2 DA

ey ) = 1 (4, G60), 15, )
a\dilu:\,m @\A_A:\M ddee PIA (e saalg A dc gana (jaua Z.QEJ;J\ Ql;);.d\ e Tl o ¢l aay
tob WS (maximum) ebaall Llgdll Jia G aoend Jale

e (v) = Glug: ), 1pr (¥), ., upr, (v)}

lgagd ehpuall (Kay dugal 2ol o adiay 3] cidlal) duli g dng g 8 z3saill L pal i
Aadfipe e A8 by candatl Toalie dlang Les cdosiia Gl dijpea ) dalall ()90 dlsg s
Sl LSl acs dalify dlaidV) Bylaall Jdulats Glalaall Can iy o Wl o3 ani e
asacl b glsl) oalic) sty L g5 canly z3sad o Baal) bl e syl A8 yeall s A<l

A Al Akl e liall aSaal) dala]

ae gl e (bl adenll 50l Loy b cdoiadaill 358l (aes z3saill dalsy (Ll 238 a2 )
zolall b ol A3 dunne lajie bl ) Aebil) B deladn al dige mg caclsilly DAl
G B Lo caaaal) ya e 5508 Ay ading 2LV Jlgag acldl) el of LS L Aullal) 2l il
iy zilar el o cpialill cliaasll sda Cujen a8 L Aabaall alaill g bl 8 ol )
& Mamdani zgidl olall ahidll SULY) e Lila 53 (SUGENO z3sai Lajyl c5eliS sl
Baciaally paall Clandail) 8 adadiad Ul Lee el dnae Jlsy dnleaall la dal) Jlas)

bl e
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Takagi-Sugeno zisai .2.4.4

J (e oyl o3 g (ol Vi WY daadiall zaladl) (e Takagi—-Sugeno »sai aay

(Mamdani 3 gaiy ddasi el dnlead) 2938l (iars H9lad Ca3gs 1985 ole & Sugeno y Takagi
o Al 23l pe el Aty dulle dosae 8y Gl Al cladail) 8 5oUS ST Ua) i
sadizall IfF=Then aclsal dalall 2l 7 3gatll 138 Jading . ol —aall oIS V) alaill s ylea
A das g nae Jlgay Al wall s Al Jai ey 4l e cAadeal) L dusalll i) e

:(Cordon et al., 2001) ddull dalal) dipall dulucall saclal) 32k L jdlu (<6 cla Al
R;:1IF X; 1s A;; and ... and X, is A;;, THEN y; = p;. X1 + -+ pp. X5, + Do

Allaal) Al cal) Slesanall Ay, o) Ay iy codandl Xy, ooy X, df 522 R, i Gua
Slaleall (30 Lgaie B = (Do, Py, -vr) Pn) Sy @Al e Jhasy ol 522 lEl) cilarial
e gann Aty (VSN 23508 mie o Jyemnl) s 5o B il yies At yall el
il e dlyg d=1,0,m Gua Lol aeladll i e lawgie JSG e M oaclsd

s Aul

_XiZihiy

y
"7

Ll Jie (t-norm) abalss Julas e Talaie!) Ll —aes g o Baclall Juadds 868 By i s
i b WS ghrall

h; =T (.UAi1 (x1), ---:l/lAin(xn))

Ail 2.:\.11.1445\ ztc.}mﬂ <L) adla ‘uAil (X') d:m:\ C'_\:\;
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A 18 Y Vo) dlee o) b Mamdani z3sais z3saill 138 o geall DAY S
Jgal poens PUA o y-dlae I e aia sl ity s edleal) ) ) o limy oo
@3 el A dals ¢ alaal) sl g Aulwnll Cllead) Taan Lo spg A3 f Badl)
oV Slandall Ledle ST Takagi-Sugeno x3sai aad @llily . ukll aclgal) sse of dlad) slasY)
(oo liall oSl aliig csadeal)l ASualinll Aadal) Jhe da by daedley dunae 8y allaw
cAagaiil) dadailly (lisgllg

Luluall 415) .5.4

gisad ol Ay o Aohd Jlss DA e Lnae Glaia s (21 SUGENO #3sa LA
0583 G cdyliall elal) Bglad llats dygae Jlga (o adiad Ayl e cilsjia 5 Mamdani
) gl (8 ol QLG dune e ) Lgligat Gl Al degana (o e IV dam
Wl (e ((ROSS, 2010) dulucal) Y (Byka sac aag . hall Jlas)

:(Centroid Method) J&ll <y daiyla

Digig - sLauiyl Al inie caad dalesall AESH 350 leny st Gus claladialg leges <) b
By e Sl jie it ) il 8 AaDle Lgleay Lo el il cally 2830y U3lss diylall o3
~Aaxdlgy

:(Maximum Membership Principle) (ggaill ieall 42yl =

Adaliadls daylall 238 jaats Aailll de ganall b olawi) dajy Aol 3aan ) daidl) [Lad) e i
o Baalia gl Lee elat¥) Jlss JAIS Jla 3 dage Claslea Jags 38 L bl de )

ALl e ALY aclg@ll cld dalal)
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:(Weighted Average) =3 all laugiall 42l =
Aanylall o3 peat L ALlad) slanyl culayal Tabg Aaslil) asall i pal) Jacsgiall Gl Zaylall 038 ag
AL alblea J) ) e Ajlgia cilajde allan Al YA 8 aodiidy (d8allg Adalead) oy

-

.82xa

(Mean Max)  olasll aall Jacigia dayla
Aanlil) Al e ganal) 8 elail Ay Aol @llia ) aidll aoas Jacsgie Gileons 3kl 03 a8
) Bl pan AT S cdogianl] adiall dagdll daty dashall ode fag . YN WY Dlee (e
(Geatl] Lgumall dinyla b LS Basly dad LS Llsdie (0lim ) ¢l )y Aaleall G ikl
Gkl 8 Bale aadn b L oLV Al A (e ST s vie Ll dpadly ST SLAG H38

ke Aalel€s bl ol Vg Lo Ailaie Asgune Jlgy a3l

LbLaSiul - Lual) ¢puadll Cilujlsdg bal) 3hial .5
Creail) e jlsd ae lgaes hiny Ungala okt 85aY) clgiad) (8 laall Glaiall dakail Cagd
o2y csalal) locall aUsills . aila e 48 (reeaty - dlalll 5oUS 28y Caagy iy LALAST LIl
Bd e B dayy iy cdigdall e Bl ae daladlly 4oyl dd el i o dllal) 45508
ol Baaall i) 8 45eliS e any 38 Lo sag caclgill Aol aag slaal) Jlgd 2an (B anadll
s gl duloal) Aaall oy Lo by lsall s3ay (boal) haial) G el Sias 8xial
Loe cAlladg 40T Ay ylay oLaiil) Jlgd alalen oy mg LAlAG Ayl wall aclsil) adgh e \giyoh i
18 3 Laladn) by loall SV age b Lady bl e SO diullig 7 3gail) 483 (ga ady

: Bl
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(sl laaleall o2a  Slas :(Evolutionary Algorithms) dshill claajlsall =
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If (CAR is Classl) and (TLDR is Classl) and (NPLTL is Classz) and (STM is Classl) then

1 | (Internal_out is Class9)

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

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

If (CAR is Class1) and (TLDR is Class2) and (EM is Class2) and (NPLTL is Class2) and
4 | (STM is Class2) then (Internal_out is Classl)

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

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

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

If (CAR is Classl) and (TLDR is Class1) and (EM is Class3) and (NPLTL is Class2) and
8 | (STM is Class2) then (Internal_out is Class])

If (CAR is Class2) and (TLDR is Class1) and (EM is Classl) and (NPLTL is Class2) and
9 | (STMis Class3) then (Internal_out is Class3)

If (CAR is Class3) and (TLDR is Class2) and (EM is Class3) and (STM is Class1) then
10 | (Internal_out is Classg8)
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If (CAR is Class3) and (NPLTL is Class1) and (STM is Classl) then (Internal_out is
1 | Class4)

If (CAR is Class]) and (TLDR is Class2) and (EM is Class2) and (STM is Class]) then
2 | (Internal_out is Class5)

If (TLDR is Classl) and (EM is Class2) and (NPLTL is Class1) and (STM is Class1) then
3 | (Internal_out is Class10)

If (CAR is Class2) and (TLDR is Class2) and (EM is Class1) and (NPLTL is Class3) and
4 | (STM is Class2) then (Internal_out is Class6)
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5 | If (TLDR is Class3) and (EM is Class2) then (Internal_out is Class5)

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

If (CAR is Classl) and (TLDR is Classl) and (EM is CIassZ) and (STM is CIassZ) then

7 | (Internal_out is Class2)

8 | If (TLDR is Class1) and (NPLTL is Class3) then (Internal_out is Class])

If (CAR is Classl) and (EM is Classl) and (NPLTL is Class3) and (STM is CIassZ) then

9 | (Internal_out is Class4)

10 | If (NPLTL is Class2) and (STM is Class1) then (Internal_out is Class9)
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Comparison of Creditworthiness Index vs Reference Z-Score Across Hybrid Optimization Models
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~——o— Creditworthiness Index

= Mean Prediction

& 4 | - fo [8 o8
ccallh 18V u . L WVUNSEy PEIWTVEOVE W 6N Vs A L7ha
0 10 20 30 40 50 60 70 80 9 100 0 10 20 30 40 50 60 70 80 90 100
Sample Index Sample Index
PSO-PSO j PSO-GA
T T T T T
1
t
|

i
|

] I fa .
Ak AR A M ~ . -
4 1 A \ % | ! » \ -
vl WY W\ Pha Ak 2 R S LA o= WYV W T W M\ P
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
Sample Index Sample Index

MATLAB il ase Ao alae WL Galll dlag] (e auadll

Jilaal) b and 2.7

Ay ol

Lplaal) #3lall dpladl) Jajh (and il 1(12) Jsanll

PSO-GA

GA-PSO | PSO-PSO | GA-GA izl

%1.87
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PSO-GA | GA-PSO | PSO-PSO| GA-GA sdial)
0.5637 | 0.3183 0.3452 | 0.2296 | ciasasall I asdasill JLal
Shlaally das sl

0.9151 | 0.7852 0.8145 | 0.9267 | Jasl I dldall j& (a5l
g Al
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MAE RMSE Liajl) 5l
6.5% 8.6% Q1-2022
7.4% 10% Q2-2022
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7.1% 10.4% Q4-2022
6.7% 8.8% Q1-2023

6% 8.3% Q2-2023
6.4% 8.3% Q3-2023
7.6% 10.6% Q4-2023
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Average | Fold5 | Fold4 | Fold3 | Fold 2 | Fold 1 e gal)
5.2% 4.5% 6.8% 7.0% 4.0% 3.8% RMSE
4.0% 3.8% 4.0% 5.8% 3.6% 2.9% MAE
0.5% 0.9% -1.3% | -1.2% 1.6% 2.5% (RMSE_Gap)
-0.3% | -0.4% | -0.7% | -2.0% 0.4% 1.0% (MAE_Gap)
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pl) S Cun adal) Az d aa HLEAY) clas) aaigi (49) S g - Slgde i sale
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Distribution of the A Statistic Under Permutation (Model Output)
MPRT test following Dong et al. (2025) methodology
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Relationship Between Creditworthiness Index and Derived Grades
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bl e el cilayy ) divie Cii ol iy (e s2gally bl AalS] lae¥) o 23
Through-The-Cycle — ) &l @) 5ysall yie il ¥ las) il sda Jia . deadU)
lalasi o Tea jules chias dpie) 558 e dgaye Ayl Jlm) ol e A L3I (TTC
oLy Bale] g 2l & LS LIFRS 9 jlunall culilbiie (385 dadgial) Alait¥) il dll (@ b
—2013) s5all AU aysill (pe A dicsal) ddpiaill Cilapall agan Cuftn ye oany Sh il
B JSI Byt e Aoyl agaa Bl Balel pran ¥ Lo Aiall aas Zongans e elldg (2023
S35 Ay Gl e SOl Lpeaall agaall s e dealil) ilas il (oliily Bas o duia)
e -l a8y LAl A jlaal) A8 Canay Ly ccnlpidl) (cp Dot oatl) Alla) Caupad sl pe )
a3 835—apal) Cilsal) o G L call e Al dapall Culh e o lial) il
) J—asl kil dalye b Lasds - eladl) 810 8 1yas Gy Aalaiy) 5jlaad) 3 L Yo

el Y Ll

Al dagiaadly g apl) JUEY) N sl 48 giuaa g hadal Yl

e oBaainal) aodl Caniaill sy de gana al e (State Space) c¥lall clzd Caujat &

a0 adg L dlaall Al HlaeY) e 320 (Non—Absorbing) siae Jla! z3sa slaic)
Juaa¥l e ahazi b (19) Jsaall 8 da o gal) Al dusias o)l JUEY) iV laia) dighas
:alll) Al (389 (Maximum Likelihood Estimator) ealae )

213



Aualal) Apadatl) Ay paad) Cijusall ity il Jlain) i taal) Gasal)

p =
VRN
POl G
A oy PAA J Al (AT Al e JE) Jia) Py
J Al AT dsoall e Bageasall dledll SV EY) 23 N

(ool paes N Asal) e CVEY) s Jlea) B3 Ny

L) dusis ol JE) eV Wial ddstean 1(19) Jsaal)

From/To | G1 G2 G3 G4 G5 Gé6 G7
Gl 0.9219 | 0.0781 |  0.0000 | 0.0000 | 0.0000 { 0.0000 | 0.0000
G2 0.1250 | 0.8438 | 0.0312 | 0.0000 | 0.0000 | 0.0000 | 0.0000
G3 0.0147 | 0.1471 | 0.8088 | 0.0294 | 0.0000 [ 0.0000 | 0.0000
G4 0.0000 | 0.0000 | 0.1143 | 0.7286 | 0.1571 | 0.0000 | 0.0000
G5 0.0000 | 0.0000 | 0.0435| 0.2319| 0.6377 | 0.029 | 0.058
G6 0.0000 | 0.0000 | 0.0145| 0.0000 | 0.1304 | 0.7101 | 0.1449
G7 0.0000 | 0.0000 | 0.0000 | 0.0145 | 0.0000 | 0.1884 | 0.7971

RStudio cilsyia Je alaeWh Gall) dlae) e 1 jaadll

1(20) Jsaall b daiagall AlaY) Lgiadl JUEY) Y Waia ddghean Lual sl

ALY dgiad) JE) Y laa) digias 1(20) Jsaal

From/To | Gl G2 G3 G4 G5 G6 G7
Gl 0.7696 | 0.2194 | 0.0108 | 0.0002 | 0.0000 | 0.0000 | 0.0000
G2 0.3530 | 0.5706 | 0.0724 | 0.0035 | 0.0004 | 0.0000 | 0.0000
G3 0.1208 | 0.3459 | 0.4598 | 0.0574 | 0.0148 | 0.0004 | 0.0008
G4 0.0143 | 0.0680 | 0.2453 | 0.4027 | 0.2203 | 0.0184 | 0.0310
G5 0.0067 | 0.0350 | 0.1599 | 0.3321 | 0.2797 | 0.0754 | 0.1112
Gé6 0.0021 | 0.0112 | 0.0560 | 0.0986 | 0.1859 | 0.3598 | 0.2864
G7 0.0003 | 0.0022 | 0.0201 | 0.0453 | 0.0845| 0.3417 | 0.5059

RStudio cils i e alaeWh caalll dlae) (et Haadll
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Aualal) Apadatl) Ay paad) Cijusall ity il Jlain) i taal) Gasal)

JEY) Y Laa) Aigiins (e 8ydlie da aioall Lgiad) JEY) eV las) 40 (51) J<a) maag
e Ly et atl) @il Shell Jids Gam ((G1-G7) ALV Caiatl) il (G Byl
elaal ¥ Laal Aol clalal) jeldy saaly A DA Lgin JEY) c¥laa) e dgagall agua)
45y 0.5706 5 G1 4501 0.7696 Lesd SN ) ¥ laia) cialy 85 . Lt Layll Ja
Aa)2ll 0.3598 5 <G5 4s)2ll 0.2797 5 <G4 da,nl1 0.4027 5 «G3 da,010.4598 5 (G2
Jie dulite ol dcatdia dllain) Lad sl CVEN any cilaw WS .G7 4220 0.5059 5 «G6
SN dilzl «0.0310 sai G4—G750.0008 sai G3—G750.000008 s G2—G7
Lo digh adl degl ) @l ) 138 3505 .G1oGT e blase (8 A1k a Cilgad

N EN) (s 5ah ) Ll aas Liaganan ko g (cVUEDU Lladll L) cl))Sal) oS

Gugaedl JEY) eV Lan) 35 1(51) U<

TRANSITION NETWORK: ANNUALLY_ANALYSIS
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215



Aualal) Apadatl) Ay paad) Cijusall ity il Jlain) i taal) Gasal)

Lgid) JELY) N L) 48 ghuan Bylaa tLul
Sl Y il Lalial 5l di call pdll dalleay dajdiaadl il Y laa) ladl Glaal
ahaiuly (Smoothing) e doleal JUay) ¥ lais) ddghinn g liad] a3 cblal)l dppsiiail) cils yal)
LY sples saley Lwld Hlk) 4i s o(LOgistic Regression) iwasl) jlasi¥) 73
Sy Tykig . el VW 52 ol clilad) dngane e daslll Aledell L) (e aslly
L (Log—Odds) daa,¥) sinlesl el i ) lehisad 3 ([1,0] Jlaal) paa il ¥ Laial

AU Lpall 335 cAagiaad) mdll (e Yo ieall Laliiall 2d) pe Jelaill o

PD .
In(-—55) = o + s (Rating)
A e ual) Jagail Gadat 2 Dl Y] AdlanY) gy wa 8 Sl Y Las) 5ol Y

:Z\ATM\ ééj 4.1.\.4.4;*: jﬂ\

1
PDsmoothed = 1 + e~ (Bot+B1x)

Al Alsbealls i) Jlaialy Chiiaail) Ay (Al Jiba (e ¢ il il ) 2l

PD
= —8. : Rati
In (1 — PD) 8.173197 + 1.187327 x (Rating)

Gl & Sl eVWas) G ) (By = —8.173197) dalaal) culil 5Kl ALl Aol s
bl iasiie ALY Ladlaall depds pe G50 Lo sag ¢ piall (o dujy T A aidie Llall
G osal olad i) Jlalad dxdine A wlws (B = 1.187327) ¥ Jalas (S (s B

Ul zan Jl\d\ 5\11;;)? 531_"1)' Lél L;mi day L;l Jlaw) < S8 Giaa A il da)
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Aualal) Apadatl) Ay paad) Cijusall ity il Jlain) i taal) Gasal)

Lt sl syl palea) die 5y0 3.27 saiy el il hlis o) o L(e11873 = 3.27)
Cialy 3 ¢ SLY) Cani i) paial dadiye 43l cas) dugine g dgaill i milis Cajeld] LS L3asly
Aol G AL aa] Ao G ABe agag ) s —dy L ¢(0.00003) s p-value dad
«(%88.95) = McFadden’s R-Squared wasill Jalae gl WS jiall Jlaia)g dadi sl
3 ADle dagi Cus daahl) das Rl i jdl) 5w andeg Aadipe Doy add B8 (et Aol 2y
Aalil) ysadl) Cojloaall it Y Wiy o dgaill (o Al dapiaill cilaall (p A8lan) AN
dghae (21) Jsaal) (myes JFRS 9 Hladl) culillaic (385 Lgalaiial sy Loy ¢8)30al) alil

Byalaall day gl JEY) Y Laal

Bplacell S gl JUEY) VL) Adginn (21) Jsaal

From/To | Gl G2 G3 G4 G5 Gé6 G7
Gl 0.7688 | 0.2192 | 0.0108 | 0.0002 | 0.0000 | 0.0000 | 0.0009
G2 0.3519 | 0.5689 | 0.0722 | 0.0035 | 0.0004 | 0.0000 | 0.0030
G3 0.1197 | 0.3427 | 0.4557 | 0.0569 | 0.0147 | 0.0004 | 0.0098
G4 0.0143 | 0.0679 | 0.2452 | 0.4025 | 0.2202 | 0.0183 | 0.0316
G5 0.0068 | 0.0356 | 0.1626 | 0.3376 | 0.2843 | 0.0766 | 0.0965
G6 0.0022 | 0.0116 | 0.0582 | 0.1023 | 0.1930 | 0.3734 | 0.2594
G7 0.0003 | 0.0021 | 0.0190 | 0.0427 | 0.0796 | 0.3219 | 0.5345

RStudio cilsyda Je alaeYh Gall) dlae) (e 1 jaadll

DNy} Y Lia) ASad s A ylaallsy - 8psbaall das dugicd) U] i lain) 3 (52) IS oapns
Clsaill ans sbe e ¢ JEY) ol sl Aalall L clis m iy o(51) IS b el U
Claall L il LS .0.0009 ) 0.0000 e cuaiiy) I G1oGT e djiall
e G55 0.3734 1 0.3598 e G65 0.5345 1) 0.5059 (50 G7 of o Lnd
D 01112 e G5G7 e saundl VLN (amas co_omidily <0.2843 U 0.2797

iy (oAl B Y cog s (L) 3.0.2594 L1 0.2864 (e G6—G7 5 0.0965
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.0.0098 1 0.0008 ;e G3—G75¢0.0030 Y 0.000008 1« G2—>G7 Jie ddisale
Bisad e Lladl cilayall 8 YY) 500 dalles 8 Bpleall Libee Latloss ) Slsladl 130 g
ey JUEY) Y laa) digh an dray S 5V Bia duage VLS L djial) 4 i 2l
Aoy @lyib o il Ll il GigSle dadlw zilas 8 pladn WO dasdle ST 5yuladl)

.Jshl

Salaall 3y Lgid) JlEy) Yol 4K 1(52) J<al

TRANSITION NETWORK: ANNUALLY_LOGIT_SMOOTHED
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N ,_,(,a?) LL 108 X
\3.56 - 1[—(}7

g 5.52 190 “X43504 »“"

16

33.76 ; 43
1,47 K Y (G4 TBss
22023 42004 6898 -

0.04' 316\ 022030

—1gY 17 4
9.:65 W\ 20

19:39:86 0L/
N A 25:94%
@ 32:19 \
33745
— Stay
‘ - Deterioration
3734 - |mprovement

Values in %

RStudio cilayia Je alaaeWh Galll slae) (e 1 ol

Balaall aau Jfatl) Jlada) Sate glndd LG

Jalye iy ci il clay (e Ay O AL dogiall il Y Laal (22) Jsaall xag
Agh ian 8 (7 dall) Ll A g esud ) JEY) eV las) Jia Al (dFRS 9 Ll
Bplaall aay Aogid) JlEy) Y laa)
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Aualal) Apadatl) Ay paad) Cijusall ity il Jlain) i taal) Gasal)

Cataail) syl il ial) Jlaial 1(22) Jsaal

(bges 12) Jiasl) Jlaia) da yal) ddiant) daal
0.000924 Stage 1 Gl
0.003023 Stage 1 G2
0.009842 Stage 1 G3
0.031557 Stage 1 G4
0.096515 Stage 2 G5
0.259371 Stage 2 G6
0.534467 Stage 2 G7

RStudio cilajie e alaeYh ¢aldl dlac) fe i)
il Jiill Jlaia) aaat o i e J8 Auiiiall (o yanll Bae Lgad 0sS5 AN CYA g
e el Allg (Constant Hazard Rate Model) " jlalaall culill Jasall doagia aladn b
A AR 3y Altiaal) Ayl YLD aatigl shaidl
CPD(t) =1- (11— PD)t

Qi Laiy aaly 0ol (Survival Probability) ¢ladl Jlasl (1 — PD) by Eons

(el aalgll e ld) mylag Lt Gesl) 381 Ales s SIE lad) Jlaa) (1 — PD)Y
) el G DA BB e saaly Byl il Gigas Jlais) e Jeans

sendl slad pe ALY LAl duyasall 52l A Al Alsyal) ) el QUi die
(e (Lifetime PD) (ol jee JolS a0 o il Jlain) s 2y gt 12 (el 2l
1 daall 33s (M) Gaslhaall el @YY e splaall sy JEY) dishiae by Dla

PDin = Mgmoothea (i, G7)

N olake i) @ e | AsladY) dapall b Ciiadl) Giapill S iel) Jlaial P n
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a3 dgiad) JUEY) Adsinn oy G Aailill Clyie N e LSl JUY) ddghns M o0thea

n §5ES\ g;l MSmoothed 5):’1‘“5‘

oe JUEY) Jlaia) Jiasg cdaeSll QWY dbsian 3 G7 dgelly i hall pmic (i, G7)

Glgia M 2y G7 hadl) dayy 1T dolad¥) dsal)

Sy Cii il sl Slaall aa Jeall Jlaia) Jsie (53) JSal & Sl ol el

digiae ) Taliia) aals A DA G7 Tel1 dnjall ) Jpasll Jlinls aic juadlly G1-G7

bl cY sy ol e bl Jia . (20) Jeasdl 8 525l Ll Lgiad) JEmy) oY las)
Bjalaall z3sai adai e AUl eV laaW) Jisiell badll (e jey Laiy dolal) dige iadll (1
Glajyall Lt ie G7 l Jgeasl) eV laial jelsi 3 cdphad 52 83l Sl jeday WS Jiuall

Ol die g5l o J cCiamY) sl ) Q) pe Laoysi g 8 ((G1-G3) ddlal)

sl hlae b saladl sl Ger s G7 5 G6

Bplaall 2y Jiail) Jlaia) aie 1(53) Il

PD CALIBRATION CURVE: LOGIT SMOOTHING ANALYSIS
Analysis of Default Rates across Credit Grades (2013-2023)

Probability of Default

04+

0.04

[ ]
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=== | ogil Smoothed Curve

® Observed Markov

[ )
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—— v []
Gt G2 G as 6 a7

G4
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RStudio cils i e alaeVh caalll dlae) (e 1 jaadll
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Aalal) i) Loy gl Cijluaal) iy Jiasl) Jlaial a sgull) diasal)

l) (e ity s (Aalay) halaall 8 dmsall Bl Jias g dgaill g Uil ¢ QAT uls (4
Siel) Jlaia) Cae Lty Gus (G5 ) G4 sl (e JUEY) ie £ 838 39 (54) IS 3
3sa9 gy (55) JSall 8 Ll BB dishan Jilatng . hlaal ol vie el e IS8
(ol il Jola e dsSIall gl <5 DA (e days JXI (Credit Stability) b)) g
«(Migration Down) 5a¥) clapall sas Hsamll claa) iyl Shill mla S el LS
OSay Al e sk adl Ly uan A (Migration Up) aladll e las) elas (535l
e g pally (430 Y ALelS Al 590 Jia Ao zagaill $38 iyl hadll (aila e (sl

calhall el

Logit z3aig Markov =3sa 385 il Jlas) 1(54) J<al
COMPARISON OF OBSERVED VS. SMOOTHED PROBABILITY OF DEFAULT

Annual Markov Matrix vs. Logit Transformation Calibration

G4 G5 G6 G7

G1 G2 G3

o
~

Probability of Default (PD)
o
b

Credit Rating Grade

Estimation Method [JJJj observed tannuai Markoy) [ smoothed (Lagit Model

RStudio cils i e alaeWh caaldl dlac) (e 1 jaadll
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AlanY) AES A giann £(55) JSal

Smoothed Annual Transition Matrix

0.000 0.002 0.019 0.043 0.080 0.322
6 0.002 0.012 0.058 0.102 0.193 0.373 0.259

0.007 0.036 0.163 0.338 0.284 0.077 0.097

0.014 0.068 0.245 0.402 0.220 0.018 0.032

From Rating
'S

0.120 0.343 0.456 0.057 0.015 0.000 0.010

0.004 0.000 0.000 0.003

0.000 0.000 0.000 0.001

2 4 6
To Rating
Probability
]
0.00 0.25 0.50 0.75 1.00

RStudio cilsjia e alaaeYh caalll dlae) e 1 jaadll

viadl) Jlaia) Sylaa .3
Dbl cillliie 3y il Jlain) il L Gt 239 sk () Aabpall e e DUl
ey of kil o(PIT) Aol ddaadll 3 i) Jlas) i cagi s S IFRS 9
g ((TTC) dalaid¥) 5yoall ye Juill Jlain) ) Lginnda 8 ol ) A yall (e A5 ial)
Dk ellyy Vasicek zigei alaai b cdiadll ddaaidl) & jieil) Juaa) ) disatl) a0l o a5

Ml adlis) Ul ay Aulaa) lalaall dades b galy Glai Glo z3sail 18 slacy

oalall Jelall som iy culabay il il) Jlas) G e e Vasicek z3gai aainy
(Systematic factor) < piall Jalally ¢daajdll (el (ailad Jiasg (Idiosyncratic factor)
Db ¢ aa) Asall i) Jia) (i el paes G i el S (galai®y) Jalall Sins
e Sy ¢ aibidl) ) sl asy Jalgal) 038 auigi of z3sail) (i (pd—ailly (35
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Aualal) Apadatl) Ay paad) Cijusall ity il Jlain) i taal) Gasal)

g cApadall oSHl aysall Al aloads sl iy ddadi i oy &l il Jlaal e juenl) aDA
A Dl (g5ie Jay iy Lae ¢(p) BLiY) dalee ye @il Jalad) 5l da oSl

AUl T Bl daa aladinly i)V Jalae ludal 2. sl (g258l) Jlaa¥h abad)
1 — g~50.PD 1 — g~50PD
PiT ) Zuayll daail) vie a3 Jlais) ) ¢(TTC PD) Lalaid¥) gygal)l je fanl) Jlais) Jagaily

AUl Lall aladiul splaal) a5 ((PD

PiT PD = N(N~Y(TTC PD) = }/1—p)
@@ Jalal) Jlaa) o cdadgiall Aol weal) Cogylall (uSay 2 ianll Jlaia) e Jyaanll
2l daal)ll dauall (389 aadail) aay S
N=*(PiT PD) —3[p*S
=)

Forward — PiT PD = N(

LTS

g,‘.ul:ﬁ\ ‘.é.a:\._\jal\ @S\)ﬁ\ t\)jﬂ\ Ada:N =

obidl) panball 1yl ugSas :NTT o m

2y B Slaad o sl i)y s5e D) SN galai@Y) Jalall A alitl) Aol S
(e

Joa¥) Lalsi)) Jalaa zp =

C.JJAJ ?\M‘ 2 (FRS 9 JW\ Qulnld JEay! qu_AaS 2\:1‘25‘)_;‘4 B}L; beu\ Z\:JA.G S

Lol Jalgall 0aS iy g Cajigi 13 dalss ¢ iayall 13 Wlgn Agitag Allad da )l Vasicek
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%g JaoeS Lgaang Lgankn (Ko (5;_.4\3\ cAdUal) csaslal) JLa_Aj c‘g;.d\ GJL'J\ d_m) ERINY
LAdalal)

dalal) dpaditl) &) pud) Gijlaal) Civinal 4

02023 alal olaall #3sail) aladils Aalal) dysdl Cijlead) Casiat (23) Jpaall (aye
I (G7) Al i s B Al gl Clisiwe el @il Cjlaad) ) (G1) daal
Al gylasd) Sbgiee af ld Ciyliadd)

Aalal) il L)ygud) Cijladd) Casai 1(23) Jsaal

daiail) Ayl ALy 5ylaad) Jaagia i yaal)
Gl 0.6810 Aoyges — il b iy
G2 0.1531 Gyl el
G2 0.1492 Lygew — oY ey
G2 0.1196 Byo — i
G2 0.1196 sl (s3gadl e ol
G2 0.1168 oY) oLy ey
G2 0.1151 Gisailly Hlaill Joall Capadl)
G2 0.1121 agally Lygue iy
G2 0.1093 galally yus ol
G2 0.1021 ey Lgd
G3 0.0927 B yges — el i

MATLAB s jia Ao alaeWh Galldl dlae) (e 1 jaadll

O Al planll Sl e 8 ul8 5 (23) Jaad) b LA G aill il el

C_ﬂ;‘)) AT e LJ‘)\_AAAS\ U'_LG‘)}:'I k"_te; c2023 eh: d\)\a il 2\:1.3:115:\3\ 2.:1‘15_».\3\ LJ‘)I_AAAS\
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At yal) ALY Bylaall b Gijleadd) G Suall e zdgaill 5558 ) cplall 108 judug Ak
— bl ki iy me bt HLas) 2 el 13a g Al ) jhlaal A e <Y el
— eoad) i) Jalas ) ALyl dieail) dasall Gus (e (a3 dlig dsu
e esall ades ) sl 138 Caagy Agaieatl) Ao pal) Cum (g G e (IS iy Ligdip A jous

03! Aladl) Adlal) (ailadll g b 2 dgaill Culajiie g i) 230 8 Cragaad ) Lalgall

Ll
Bypes = gibagll L8 il ALl Cipdigal) Julat 2(24) Jsasl
2023 il
233% DRl dasdll clisagal) ) padanll Jla) Gl
20% sl (Jleal ) ddalall j2 (g dll
25% sl Aea] M g il e
137% ALl (Bgan Cacliaa
112% bl JU) Gy ) dial) coleall gl ilall S5l

Gl dae) e 1 sl
ele o (1 dsall) Lbsaat daps el Ja dnygm — gl 5l eliy o (24) Jsaall iy el
Glgi e die Cudy jhlaall dasjall lisagal) ) cedanl) Jladl Galy 4w of Jaad.2023
2023 alad hlaaly dasall clagasall ) et Jladl (ul) aisio Jay Can clan dxdige
Adle 55 (g8 Mauly ol el M o L 71 @l alall o cugiall Jilaa %233 )
Ay 4)lie 4al (gorial adadll ans L) () centhl) ) dgag L Aliaal) ledl) palaial e
Ao Galas) ey WS Ll das ) Clasasall aaa 8 Gpbiad dubis i85 cciladl)
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B dayn Slagagall gl LS B Ao slae¥) (A ipaddl dubw o Ju L 307
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oY Cipad) aat et (K eclld o plig adipe Sl au bl iy (b b dals

nalually (Algaad) cJoua¥) saga bl (aly lpdige s mitiye oY daim adl e ddaian da

Lsadl hlad]
Gyall i 3L chasal) las 1(25) Jsanl
2023 hugia uidiall
%97 DRl dasd)l clisaga) ) padanl) Sl Gl
%19 o2 Al Jaal ) ddalall j2 (a3l
%26 sl (S A pg dll laal
%226 Sl (3gon Cacliaa
%105 ekl JW Gy ) A cdlaalls zsidall Slall S5l
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Model FIS_Index Input_Name | MF_Name MF_Type | MF_Params
Initial FIS Tree | 1 CAR Class1 gaussmf | 0.04,0.00
Initial FIS Tree | 1 CAR Class?2 gaussmf 0.50,0.08
Initial FIS Tree | 1 CAR Class3 gaussmf | 0.46,1.00
Initial FIS Tree | 1 TLDR Class1 gaussmf | 0.13,0.00
Initial FIS Tree | 1 TLDR Class?2 gaussmf 0.50,0.26
Initial FIS Tree | 1 TLDR Class3 gaussmf 0.37,1.00
Initial FIS Tree | 1 EM Classl1 gaussmf 0.05,0.00
Initial FIS Tree | 1 EM Class?2 gaussmf 0.50,0.10
Initial FIS Tree | 1 EM Class3 gaussmf | 0.45,1.00
Initial FIS Tree | 1 NPLTL Classl1 gaussmf 0.17,0.00
Initial FIS Tree | 1 NPLTL Class?2 gaussmf 0.50,0.34
Initial FIS Tree | 1 NPLTL Class3 gaussmf | 0.33,1.00
Initial FIS Tree | 1 STM Classl1 gaussmf 0.03,0.00
Initial FIS Tree | 1 STM Class?2 gaussmf 0.50,0.06
Initial FIS Tree | 1 STM Class3 gaussmf 0.47,1.00
Initial FIS Tree | 2 FX Classl1 gaussmf 0.17,0.00
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Initial FIS Tree | 2 FX Class?2 gaussmf | 0.50,0.33
Initial FIS Tree | 2 FX Class3 gaussmf | 0.33,1.00
Initial FIS Tree | 2 Internal_input | Classl gaussmf | 0.25,0.00
Initial FIS Tree | 2 Internal_input | Class2 gaussmf | 0.25,0.50
Initial FIS Tree | 2 Internal_input | Class3 gaussmf | 0.25,1.00
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Rule_Text

If (CAR is Classl) and (TLDR is Classl) and (NPLTL is Class2) and (STM is

Class1) then (Internal_out is Class9)

If (CAR is Class3) and (TLDR is Class3) and (EM is Class2) and (NPLTL is
Class3) and (STM is Class2) then (Internal_out is Class?7)

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

If (CAR is Classl) and (TLDR is Class2) and (EM is Class2) and (NPLTL is
Class2) and (STM is Class2) then (Internal_out is Class])

If (CAR is CIassl) and (TLDR is Class3) and (EM is Class3) and (NPLTL is

Class3) then (Internal_out is Class9)

If (CAR is CIass3) and (TLDR is Class2) and (EM is CIassZ) and (NPLTL is

Class2) then (Internal_out is Classg)

If (CAR is Classl) and (TLDR is Class2) and (EM is Classl) and (NPLTL is
Class2) and (STM is Class2) then (Internal_out is Class6)

If (CAR is Classl) and (TLDR is Classl) and (EM is Class3) and (NPLTL is
Class2) and (STM is Class2) then (Internal_out is Class])

If (CAR is CIassZ) and (TLDR is Classl) and (EM is Classl) and (NPLTL is
Class2) and (STM is Class3) then (Internal_out is Class5)

If (CAR is CIassZ) and (TLDR is CIassZ) and (EM is Class3) and (STM is Classl)

then (Internal_out is Classg8)

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

Class3) then (Internal_out is Class6)

If (CAR is Classl) and (EM is Classz) and (NPLTL is Classl) and (STM is

Class2) then (Internal_out is Class])

If (CAR is Class3) and (TLDR is Class2) and (EM is Classl) then (Internal_out
is Class9)

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

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

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

If (CAR is Class2) and (TLDR is Class2) and (NPLTL is Class1) then (Internal_out
is Class9)

If (CAR is Class1) and (TLDR is Class1) and (NPLTL is Class2) then (Internal_out
is Classg)

If (TLDR is Class2) and (EM is Classl) and (NPLTL is Class2) and (STM is

Class2) then (Internal_out is Class10)

If (CAR is CIassZ) and (TLDR is CIassZ) and (NPLTL is Class2) and (STM is

Classl) then (Internal_out is Class4)

If (CAR is Class3) and (TLDR is Class]1) and (EM is Classl) then (Internal_out
is Classg)

If (CAR is Class2) and (EM is Class2) and (NPLTL is Class1) then (Internal_out
is Class2)

If (CAR is Classl) and (TLDR is Class2) and (EM is Classl) and (NPLTL is
Class3) and (STM is Class3) then (Internal_out is Class10)

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

If (CAR is Classl) and (TLDR is Class3) and (NPLTL is Classl) and (STM is

Class1) then (Internal_out is Class5)
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If (CAR is Classl) and (TLDR is Classl) and (EM is Class2) and (NPLTL is
Class1) and (STM is Classl) then (Internal_out is Class5)

If (CAR is Class3) and (TLDR is Class2) and (STM is Class2) then (Internal_out
is Class10)

If (CAR is Class3) and (TLDR is CIassZ) and (EM is CIassZ) and (STM is Classl)

then (Internal_out is Class9)

If (CAR is Class3) and (TLDR is Class3) and (EM is CIassZ) and (STM is CIassZ)

then (Internal_out is Classg8)

If (CAR is Classl) and (TLDR is CIassZ) and (EM is Class2) and (STM is CIassZ)

then (Internal_out is Classl)

If (TLDRis Class1) and (NPLTL is Class1) and (STM is Class2) then (Internal_out
is Class5)

If (CAR is CIass2) and (TLDR is Classl) and (EM is Class3) and (NPLTL is

Classl) then (Internal_out is Class9)

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

If (EM is Class1) and (STM is Class1) then (Internal_out is Class9)

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

If (CAR is CIassZ) and (TLDR is Class3) and (EM is Class2) and (NPLTL is
Class3) and (STM is Class1) then (Internal_out is Class?7)

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

If (CAR is Class2) and (TLDR is Class2) and (EM is Class2) and (NPLTL is
Class]) and (STM is Class1) then (Internal_out is Class2)

If (CAR is CIassZ) and (TLDR is Classl) and (EM is Classl) and (STM is CIassZ)

then (Internal_out is Class5)

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

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

Class2) then (Internal_out is Class4)

If (CAR is Classl) and (TLDR is Class3) and (NPLTL is Class2) and (STM is

Class3) then (Internal_out is Class6)

If (TLDR is Classl) and (EM is Classl) and (NPLTL is Classl) and (STM is

Class3) then (Internal_out is Class1)

If (TLDR is Class2) and (EM is Class3) and (NPLTL is Classl) and (STM is

Class3) then (Internal_out is Classg)

If (CAR is Class3) and (TLDR is Classl) and (EM is Classl) and (NPLTL is
Class2) and (STM is Class3) then (Internal_out is Class5)

If (CAR is CIass3) and (TLDR is Class2) and (EM is Classl) and (NPLTL is
Class2) and (STM is Class2) then (Internal_out is Class10)

If (CAR is Classl) and (TLDR is Class2) and (EM is Classl) and (NPLTL is
Class3) and (STM is Class1) then (Internal_out is Class10)

If (CAR is Class1) and (TLDR is Classl) and (EM is Class2) and (NPLTL is
Classl) and (STM is Class2) then (Internal_out is Class4)

If (CAR is Class3) and (TLDR is Classl) and (EM is Class2) and (STM is Classl)

then (Internal_out is Class4)

If (TLDR is Class3) and (EM is Classl) and (NPLTL is Classl) and (STM is

Class2) then (Internal_out is Class])

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

If (CAR is CIassl) and (TLDR is CIass3) and (EM is CIassZ) and (NPLTL is
Class2) and (STM is Class2) then (Internal_out is Class?2)

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

If (CAR is Class2) and (EM is Class1) and (STM is Classl) then (Internal_out is
Class6)

If (CAR is Classl) and (TLDR is Classl) and (EM is Classl) and (STM is Classl)

then (Internal_out is Class4)
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If (CAR is Class3) and (TLDR is Class3) and (EM is Classl) and (NPLTL is
Class3) and (STM is Class2) then (Internal_out is Class?2)

If (CAR is Classl) and (TLDR is Classl) and (NPLTL is Classl) and (STM is

Class2) then (Internal_out is Class7)

If (CAR is Classl) and (TLDR is Classl) and (NPLTL is Class3) and (STM is

Classl) then (Internal_out is Class4)

If (NPLTL is Class2) and (STM is Class3) then (Internal_out is Class4)

If (CAR is Class2) and (NPLTL is Class1) and (STM is Class2) then (Internal_out
is Class])

If (CAR is Class2) and (TLDR is Classl) and (EM is Class3) and (STM is CIass3)

then (Internal_out is Class9)

If (CAR is CIass3) and (TLDR is Classl) and (EM is Classl) and (NPLTL is
Class2) and (STM is Classl) then (Internal_out is Class6)

If (CAR is Class2) and (TLDR is Classl) and (EM is Class2) and (NPLTL is

Classl) then (Internal_out is Class10)

If (CAR is CIassl) and (TLDR is Class3) and (NPLTL is Class2) and (STM is

Class1) then (Internal_out is Class5)

If (TLDR is Class2) and (EM is Classl) and (NPLTL is Class3) and (STM is

Class1) then (Internal_out is Class8)

If (CAR is Class2) and (EM is Class3) and (NPLTL is Classl) and (STM is

Class2) then (Internal_out is Class])

If (CAR is Class3) and (EM is Classl) and (NPLTL is CIassZ) and (STM is

Class2) then (Internal_out is Classg)

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

If (CAR is CIassZ) and (TLDR is Class3) and (EM is Classl) and (STM is Class2)

then (Internal_out is Classl)

If (CAR is Class2) and (TLDR is Classl) and (NPLTL is CIassZ) and (STM is

Class2) then (Internal_out is Class])

If (CAR is Class2) and (EM is Class3) and (NPLTL is Class2) then (Internal_out
is Class5)
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If (CAR is Class2) and (TLDR is Classl) and (EM is Classl) and (NPLTL is
Class1) and (STM is Class2) then (Internal_out is Classg)

If (CAR is Class2) and (EM is Class1) and (STM is Class2) then (Internal_out is
Class6)

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

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

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

If (CAR is Class3) and (TLDR is Class3) and (EM is Classl) and (NPLTL is
Class3) and (STM is Class]) then (Internal_out is Class2)

If (CAR is CIass3) and (TLDR is Class3) and (EM is Class3) and (NPLTL is
Class2) and (STM is Class2) then (Internal_out is Class])

If (CAR is Class2) and (EM is Classl) and (NPLTL is Class2) and (STM is

Class2) then (Internal_out is Class6)

If (CAR is Classl) and (TLDR is CIassZ) and (EM is Classl) and (STM is CIassZ)

then (Internal_out is Classl)

If (CAR is Classl) and (TLDR is Class3) and (EM is Class2) and (NPLTL is
Class3) and (STM is Class2) then (Internal_out is Class5)

If (CAR is CIassZ) and (TLDR is Classl) and (EM is Class3) and (NPLTL is
Class1) and (STM is Class1) then (Internal_out is Class])

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

If (CAR is Classl) and (TLDR is Classl) and (EM is Class3) and (NPLTL is
Class3) and (STM is Class1) then (Internal_out is Class4)

If (CAR is Classl) and (TLDR is Classl) and (EM is Classl) and (NPLTL is
Class1) and (STM is Class3) then (Internal_out is Class])

If (CAR is Class2) and (NPLTL is Class3) and (STM is Class2) then (Internal_out
is Class5)
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If (CAR is Class2) and (TLDR is Class1) and (NPLTL is Class1) then (Internal_out
is Classl)

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

If (CAR is Class]) and (EM is Classl) and (NPLTL is Classl) then (Internal_out
is Classl)

If (CAR is Classl) and (EM is Class1) and (STM is Classl) then (Internal_out is
Class2)

If (CAR is Class]) and (TLDR is Class3) and (EM is Classl) then (Internal_out
is Class4)

If (CAR is Classl) and (EM is Classl) and (NPLTL is CIass3) and (STM is

Class2) then (Internal_out is Classl)

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

If (CAR is Classl) and (TLDR is Class2) and (EM is Class2) and (NPLTL is
Class3) and (STM is Class2) then (Internal_out is Class])

If (CAR is Classl) and (EM is Class3) and (NPLTL is Classl) and (STM is

Class2) then (Internal_out is Class8)

If (CAR is Class2) and (EM is Classl) and (NPLTL is Classl) and (STM is

Class3) then (Internal_out is Class4)

If (EM is Class2) and (NPLTL is Class3) and (STM is Class1) then (Internal_out
is Class9)

If (TLDR is CIassZ) and (EM is CIassZ) and (NPLTL is Class3) and (STM is

Class3) then (Internal_out is Class9)

If (CAR is Classl) and (TLDR is Class3) and (EM is Classl) and (NPLTL is

Classl) then (Internal_out is Class7)

If (CAR is CIassZ) and (EM is Class3) and (NPLTL is Class2) and (STM is

Class2) then (Internal_out is Class])

If (TLDR is Class1) and (EM is Class3) and (NPLTL is Class1) then (Internal_out
is Class2)
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If (CAR is Classz) and (TLDR is CIassZ) and (EM is CIassZ) and (NPLTL is
Class3) and (STM is Class3) then (Internal_out is Class?7)

If (CAR is Classl) and (TLDR is Class2) and (NPLTL is Class1) then (Internal_out
is Classg)

If (CAR is Class2) and (EM is Classl) and (NPLTL is Class3) and (STM is

Classl) then (Internal_out is Class4)

If (CAR is Class3) and (TLDR is Classl) and (EM is Class2) and (NPLTL is
Class2) and (STM is Class2) then (Internal_out is Class10)

If (CAR is Classl) and (TLDR is Class2) and (STM is Class2) then (Internal_out
is Class3)

If (CAR is Class2) and (TLDR is Class1) and (EM is Class2) and (STM is Class1)

then (Internal_out is Classg8)

If (CAR is Class2) and (TLDR is Classl) and (EM is Class2) and (NPLTL is
Classl) and (STM is Class2) then (Internal_out is Class4)

If (TLDR is Classl) and (EM is Class1) and (NPLTL is Class2) and (STM is

Class1) then (Internal_out is Class3)

If (CAR is CIassZ) and (TLDR is CIassZ) and (NPLTL is Class3) and (STM is

Class1) then (Internal_out is Class3)

If (CAR is CIassZ) and (TLDR is Class3) and (EM is Class3) and (NPLTL is
Class2) and (STM is Classl) then (Internal_out is Class5)

If (EM is Classl) and (NPLTL is Class1) then (Internal_out is Classg)

If (CAR is CIassZ) and (TLDR is Class3) and (EM is Classl) and (NPLTL is
Class2) and (STM is Classl) then (Internal_out is Class])

If (CAR is Classl) and (TLDR is Class3) and (EM is CIassZ) and (STM is CIassl)

then (Internal_out is Classg8)

If (CAR is Class2) and (TLDR is Class2) and (EM is Classl) and (NPLTL is
Class1) and (STM is Class1) then (Internal_out is Class])

If (CAR is Classl) and (EM is CIassZ) and (NPLTL is Class2) and (STM is

Class]) then (Internal_out is Class9)

If (CAR is Class3) and (NPLTL is Class2) then (Internal_out is Class10)
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If (CAR is CIassZ) and (EM is CIassZ) and (NPLTL is Classz) and (STM is

Classl) then (Internal_out is Class7)

If (CAR is Class2) and (TLDR is Class2) and (EM is Class3) and (NPLTL is
Class1) and (STM is Classl1) then (Internal_out is Classg)

If (CAR is CIassZ) and (TLDR is CIassZ) and (EM is CIassZ) and (STM is Class3)

then (Internal_out is Class3)

If (CAR is Classl) and (TLDR is Classz) and (EM is Class2) and (NPLTL is

Class2) then (Internal_out is Class?2)

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

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

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

If (CAR is Class2) and (TLDR is Classl) and (EM is Classl) and (NPLTL is
Class2) and (STM is Classl) then (Internal_out is Class10)

If (CAR is Class3) and (TLDR is CIassZ) and (EM is Class2) and (NPLTL is
Class2) and (STM is Classl) then (Internal_out is Classg)

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

If (CAR is Class3) and (TLDR is Class3) and (EM is Class2) and (NPLTL is
Class3) and (STM is Classl) then (Internal_out is Class5)

If (CAR is CIass3) and (TLDR is CIass3) and (EM is CIassZ) and (NPLTL is
Classl) and (STM is Classl) then (Internal_out is Class])

If (CAR is Classl) and (TLDR is Classl) and (EM is Class2) and (STM is Class3)

then (Internal_out is Class4)

If (CAR is Classl) and (TLDR is Classl) and (EM is Classl) and (NPLTL is
Class]) and (STM is Class1) then (Internal_out is Class])

If (CAR is Classl) and (TLDR is Classl) and (EM is Classl) and (NPLTL is
Class3) and (STM is Class2) then (Internal_out is Class5)
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If (CAR is Classz) and (TLDR is CIassZ) and (EM is CIassZ) and (NPLTL is

Class3) then (Internal_out is Class2)

If (CAR is Class]) and (TLDR is Class1) and (EM is Class2) then (Internal_out
is Classl)

If (CAR is CIassZ) and (TLDR is Classl) and (NPLTL is Class3) and (STM is

Class2) then (Internal_out is Class6)

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

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

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

If (CAR is Class2) and (TLDR is Class2) then (Internal_out is Classl)

If (CAR is CIass3) and (TLDR is Class2) and (EM is Class2) and (NPLTL is
Classl) and (STM is Classl) then (Internal_out is Class?2)

If (CAR is CIass2) and (TLDR is Class3) and (EM is Class2) and (NPLTL is
Class2) and (STM is Class2) then (Internal_out is Class3)

If (TLDR is Classl) and (EM is Class3) and (NPLTL is Class3) and (STM is

Class2) then (Internal_out is Class3)

If (CAR is Class3) and (TLDR is Class1) then (Internal_out is Class9)

If (CAR is Class2) and (EM is Class3) and (NPLTL is Classl) and (STM is

Class3) then (Internal_out is Class7)

If (CAR is Classl) and (TLDR is Classl) and (EM is Classl) and (NPLTL is

Classl1) then (Internal_out is Classg)

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

If (CAR is Class3) and (NPLTL is Class1) and (STM is Class1) then (Internal_out
is Class5)

If (CAR is Classl) and (EM is Classl) then (Internal_out is Class5)

If (TLDR is Classl) and (EM is Class2) and (STM is Class3) then (Internal_out
is Class4)
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If (CAR is Class2) and (TLDR is Class3) and (EM is Classl) and (NPLTL is
Class2) and (STM is Class3) then (Internal_out is Class])

If (CAR is Class2) and (TLDR is Class2) and (EM is Class3) and (NPLTL is
Class2) and (STM is Class2) then (Internal_out is Class?2)

If (CAR is Class1) and (NPLTL is Class1) and (STM is Class1) then (Internal_out
is Class7)

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

If (CAR is Classl) and (EM is Class1) and (STM is Class2) then (Internal_out is
Class5)

If (CAR is Class2) and (EM is Classl) and (NPLTL is Classl) and (STM is

Class2) then (Internal_out is Class9)

If (CAR is Class2) and (TLDR is Classl) and (NPLTL is Class2) and (STM is

Class3) then (Internal_out is Class])

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

If (CAR is Class3) and (TLDR is CIassZ) and (NPLTL is Classl) and (STM is

Class2) then (Internal_out is Class?)

If (CAR is Class3) and (TLDR is CIassZ) and (EM is Class2) and (NPLTL is
Class3) and (STM is Class3) then (Internal_out is Class])

If (CAR is CIassZ) and (TLDR is CIassZ) and (EM is Class2) and (NPLTL is

Classl) then (Internal_out is Class?)

If (CAR is Classl) and (TLDR is Class3) and (EM is Class2) and (NPLTL is
Classl) and (STM is Classl) then (Internal_out is Class9)

If (TLDR is Class3) and (EM is Class2) then (Internal_out is Classl)

If (TLDR is Class2) and (STM is Class1) then (Internal_out is Class7)

If (TLDR is CIassZ) and (EM is Class1) and (NPLTL is Classl) and (STM is

Class]) then (Internal_out is Class6)

If (CAR is Classl) and (TLDR is Class3) and (EM is Class2) and (NPLTL is
Class1) and (STM is Class3) then (Internal_out is Class9)
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If (CAR is Classl) and (TLDR is Class3) and (EM is Class2) and (NPLTL is
Class1) and (STM is Class2) then (Internal_out is Class5)

If (CAR is Classl) and (EM is Classl) and (NPLTL is Classl) and (STM is

Class3) then (Internal_out is Class6)

If (CAR is Class2) and (TLDR is Class2) and (EM is Classl) and (NPLTL is
Class3) and (STM is Class2) then (Internal_out is Class])

If (CAR is Class2) and (EM is Classz) and (NPLTL is Classl) and (STM is

Classl) then (Internal_out is Class?2)

If (CAR is Classl) and (EM is Classl) and (NPLTL is Classl) and (STM is

Class2) then (Internal_out is Class9)

If (CAR is Class2) and (TLDR is Classl) and (EM is Class3) and (STM is CIass2)

then (Internal_out is Classl)

If (CAR is Class1) and (TLDR is Classl) and (EM is Class2) and (NPLTL is

Class2) then (Internal_out is Class2)

If (CAR is CIass2) and (TLDR is Class2) and (EM is Class3) and (NPLTL is
Class1) and (STM is Class2) then (Internal_out is Class10)

If (CAR is Class3) and (TLDR is Class2) and (EM is Class2) then (Internal_out
is Class9)

If (TLDR is Class2) and (EM is Class3) and (NPLTL is Classl) and (STM is

Class2) then (Internal_out is Class])

If (TLDR is Classl) and (EM is Classl) and (NPLTL is Classl) and (STM is

Classl) then (Internal_out is Class?)

If (CAR is CIass2) and (TLDR is Class3) and (NPLTL is CIassZ) and (STM is

Class3) then (Internal_out is Class6)

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

If (TLDR is Class3) and (NPLTL is Class1) and (STM is Class?2) then (Internal_out
is Class3)

If (CAR is CIassZ) and (EM is Class3) and (NPLTL is Class3) and (STM is

Classl) then (Internal_out is Class?2)
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If (TLDR is Class2) and (EM is Class1) and (STM is Class2) then (Internal_out
is Classg)

If (CAR is Class3) and (TLDR is Classz) and (EM is Class2) and (NPLTL is
Class3) and (STM is Classl1) then (Internal_out is Class5)

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

If (CAR is Class2) and (TLDR is Class3) and (EM is Class3) then (Internal_out
is Class6)

If (CAR is CIassZ) and (TLDR is Classl) and (NPLTL is Classl) and (STM is

Class2) then (Internal_out is Class6)

If (TLDR is Classl) and (EM is Classl) and (NPLTL is Class3) and (STM is

Classl) then (Internal_out is Class10)

If (CAR is Classl) and (EM is Class2) and (NPLTL is Class2) and (STM is

Class2) then (Internal_out is Class2)

If (CAR is Classl) and (NPLTL is Class3) and (STM is Class1) then (Internal_out
is Class9)

If (CAR is CIassZ) and (TLDR is Class3) and (NPLTL is Class2) and (STM is

Class2) then (Internal_out is Class])

If (CAR is Classl) and (EM is Classl) and (NPLTL is CIassZ) and (STM is

Classl) then (Internal_out is Class])

If (FX'is Class2) and (Internal_input is Class1) then (C_out is Class])

FXis Classl) and (Internal_input is Class2) then (C_out is Class3)

FXis Class3) and (Internal_input is Class2) then (C_out is Class10)

FX is Class2) then (C_out is Class7)

)
)
)
FXis Class2) and (Internal_input is Class2) then (C_out is Class2)
)
)

FXis Class]) then (C_out is Class3)

FX is Class3) and (Internal_input is Class3) then (C_out is Classg)

Internal_input is Class2) then (C_out is Class6)

FX is Class3) and (Internal_input is Class1) then (C_out is Class4)

If (
If (
If (
If (
If (FX is Class1) and (Internal_input is Class1) then (C_out is Class4)
If (
If (
If (
If (
If (

Internal_input is Class1) then (C_out is Class])
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If (FX'is Class1) and (Internal_input is Class3) then (C_out is Classg)

If (Internal_input is Class3) then (C_out is Class10)

(
(
If (FX is Class3) then (C_out is Class7)
If (FX is Class2) and (Internal_input is Class3) then (C_out is Class10)

Galall dlae) e 1l

lasend) Gyl et Laa)jlsd alatinls salgd) dnlucall selgall 1(26) Galdll

Rule_Text

If (CAR is Class3) and (NPLTL is Class1) and (STM is Classl) then (Internal_out
is Class5)

If (CAR is Class1) and (TLDR is Class2) and (EM is Class2) and (STM is Class2)

then (Internal_out is Class3)

If (TLDR is Classl) and (EM is Classl) and (NPLTL is Classl) and (STM is

Classl) then (Internal_out is Classg)

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

If (TLDR is Class3) and (EM is Class2) then (Internal_out is Class4)

If (CAR is Class1) and (TLDR is Class2) and (STM is Class]) then (Internal_out

is Class])

If (CAR is Classl) and (TLDR is Classl) and (EM is CIassZ) and (STM is CIassZ)

then (Internal_out is Class2)

If (TLDR is Class1) and (NPLTL is Class3) then (Internal_out is Class])

If (CAR is Classl) and (TLDR is Classl) and (EM is Classl) and (NPLTL is

Class3) and (STM is Class2) then (Internal_out is Class2)

If (NPLTL is Class2) and (STM is Class1) then (Internal_out is Classg)

If (CAR is Classl) and (TLDR is Class3) and (NPLTL is CIassZ) and (STM is

Classl) then (Internal_out is Class?2)
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If (CAR is CIassZ) and (TLDR is CIassZ) and (EM is Class3) and (NPLTL is

Class]) and (STM is Class2) then (Internal_out is Classg)

If (CAR is Classz) and (TLDR is CIassZ) and (NPLTL is Class3) and (STM is

Class]) then (Internal_out is Class6)

If (CAR is Classl) and (TLDR is Classl) and (NPLTL is Classl) and (STM is

Class2) then (Internal_out is Class10)

If (CAR is CIassZ) and (TLDR is Class3) and (EM is Classl) and (STM is Classl)

then (Internal_out is Class2)

If (CAR is CIassZ) and (TLDR is Classl) and (EM is Classl) and (STM is Class3)

then (Internal_out is Classl)

If (CAR is Classl) and (TLDR is Classl) and (EM is Classl) and (NPLTL is

Class3) and (STM is Classl) then (Internal_out is Class])

If (CAR is CIassZ) and (TLDR is Classl) and (NPLTL is Classl) and (STM is

Class2) then (Internal_out is Class5)

If (CAR is Class]1) and (TLDR is Class3) and (NPLTL is Class2) then (Internal_out

is Class10)

If (CAR is CIassZ) and (TLDR is Class3) and (EM is CIassl) and (NPLTL is
Class2) and (STM is Classl) then (Internal_out is Class])

If (CAR is CIass2) and (TLDR is CIassZ) and (EM is Class2) and (STM is Class3)

then (Internal_out is Class9)

If (TLDR is Class2) and (STM is Class1) then (Internal_out is Classl)

If (TLDR is Class1) and (STM is Class3) then (Internal_out is Class4)

If (CAR is Class2) and (EM is Class2) and (STM is Class1) then (Internal_out is

Class1)

If (CAR is Class1) and (TLDR is Class2) then (Internal_out is Class6)

If (CAR is Classl) and (TLDR is Class3) and (EM is Classl) and (NPLTL is

Class2) and (STM is Class3) then (Internal_out is Class4)
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If (TLDR is Class3) and (EM is Class1) and (STM is Class1) then (Internal_out is

Class10)

If (CAR is Class3) then (Internal_out is Class2)

If (CAR is Class2) and (TLDR is Class1) and (NPLTL is Class1) then (Internal_out

is Class3)

If (TLDR is CIassZ) and (EM is Classl) and (NPLTL is Classl) and (STM is

Class3) then (Internal_out is Class9)

If (CAR is Class2) and (TLDR is Classl) and (EM is CIassZ) and (NPLTL is

Class3) and (STM is Classl) then (Internal_out is Class])

If (TLDR is Class3) and (EM is Class1) and (NPLTL is Class3) then (Internal_out

is Classg)

If (CAR is Class3) and (TLDR is CIassZ) and (EM is CIassZ) and (NPLTL is

Class2) and (STM is Class3) then (Internal_out is Class])

If (CAR is Class2) and (TLDR is CIassZ) and (EM is Classl) and (NPLTL is

Class2) and (STM is Class2) then (Internal_out is Class])

If (TLDR is Classl) and (EM is Class2) and (NPLTL is Classl) and (STM is

Class2) then (Internal_out is Class9)

If (CAR is Class3) and (TLDR is CIassZ) and (EM is CIass2) and (NPLTL is
Class2) and (STM is Class2) then (Internal_out is Class])

If (TLDR is Class3) and (EM is Class3) and (NPLTL is Classl) then (Internal_out
is Classg8)

If (TLDR is Classl) and (EM is Classl) and (NPLTL is Class3) and (STM is

Classl) then (Internal_out is Class])

If (CAR is Classl) and (TLDR is Class2) and (EM is Class]1) and (NPLTL is

Class1) and (STM is Class1) then (Internal_out is Classg)

If (CAR is Classl) and (TLDR is Classl) and (EM is CIassZ) and (NPLTL is

Class2) and (STM is Class1) then (Internal_out is Class])
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If (CAR is Classz) and (TLDR is CIassZ) and (NPLTL is CIassZ) and (STM is

Class]) then (Internal_out is Class5)

If (CAR is Class3) and (TLDR is CIassZ) and (EM is Classl) and (NPLTL is

Class]) and (STM is Class2) then (Internal_out is Class5)

If (TLDR is Classz) and (EM is CIassZ) and (NPLTL is Classl) and (STM is

Class2) then (Internal_out is Class])

If (CAR is Class2) and (TLDR is Class3) and (EM is CIassZ) and (NPLTL is

Class2) and (STM is Class2) then (Internal_out is Class9)

If (CAR is Class3) and (TLDR is Class3) and (EM is Classl) and (NPLTL is

Class2) and (STM is Class3) then (Internal_out is Class5)

If (CAR is Class2) and (TLDR is Classl) and (EM is Class3) and (NPLTL is

Class1) and (STM is Classl) then (Internal_out is Classg)

If (TLDR is Class2) and (EM is Class3) and (NPLTL is Class2) then (Internal_out

is Class10)

If (CAR is Class3) and (TLDR is Classl) and (EM is Classl) and (NPLTL is

Class3) and (STM is Class3) then (Internal_out is Class9)

If (TLDR is CIassl) and (EM is Class3) and (NPLTL is CIass3) and (STM is

Class2) then (Internal_out is Classg)

If (CAR is CIass3) and (TLDR is Class3) and (NPLTL is CIassZ) and (STM is

Class2) then (Internal_out is Class4)

If (CAR is Class3) and (TLDR is Classl) and (EM is CIass3) and (NPLTL is

Classl) then (Internal_out is Class])

If (CAR is Class3) and (TLDR is Class3) and (EM is Class2) and (NPLTL is

Class2) and (STM is Class1) then (Internal_out is Class2)

If (CAR is Class3) and (TLDR is Class3) and (NPLTL is CIassZ) and (STM is

Class3) then (Internal_out is Class3)
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If (CAR is Classl) and (TLDR is Classl) and (EM is Classl) and (NPLTL is

Class2) and (STM is Class2) then (Internal_out is Class10)

If (CAR is CIassZ) and (TLDR is CIassZ) and (EM is Classl) and (NPLTL is

Class2) then (Internal_out is Class5)

If (CAR is CIassZ) and (TLDR is Class3) and (EM is Classl) and (NPLTL is

Class]) and (STM is Class1) then (Internal_out is Classg)

If (CAR is Classl) and (TLDR is CIassZ) and (EM is Classl) and (NPLTL is

Class3) and (STM is Class2) then (Internal_out is Class10)

If (CAR is Class3) and (EM is Class3) and (NPLTL is Class3) and (STM is CIassZ)

then (Internal_out is Class3)

If (CAR is CIassZ) and (TLDR is CIassZ) and (NPLTL is Classl) and (STM is

Classl) then (Internal_out is Class?2)

If (TLDR is Class3) and (EM is Class3) and (NPLTL is Class3) and (STM is

Class3) then (Internal_out is Class5)

If (CAR is CIassZ) and (EM is Classl) and (NPLTL is Classl) and (STM is Class3)

then (Internal_out is Class4)

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

If (CAR is Class1) and (TLDR is Class1) and (NPLTL is Class1) then (Internal_out
is Class1)

If (CAR is Class2) and (TLDR is Classl) and (NPLTL is Class2) and (STM is

Class]) then (Internal_out is Class5)

If (CAR is Class2) and (TLDR is Class1) and (STM is Class1) then (Internal_out
is Classg8)

If (CAR is Classl) and (TLDR is Class2) and (EM is Class]1) and (NPLTL is

Class2) and (STM is Class2) then (Internal_out is Classg)

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

Class])

If (CAR is Class2) and (NPLTL is Class2) and (STM is Class2) then (Internal_out
is Class9)

If (CAR is CIass3) and (TLDR is CIassZ) and (EM is Classl) and (STM is Class3)

then (Internal_out is Class2)

If (CAR is Class3) and (TLDR is CIassZ) and (NPLTL is Classl) and (STM is

Class2) then (Internal_out is Class])

If (CAR is CIassZ) and (TLDR is CIassZ) and (EM is Class3) and (STM is CIassZ)

then (Internal_out is Class10)

If (CAR is Class2) and (TLDR is Classl) and (EM is CIassZ) and (NPLTL is

Class1) and (STM is Classl) then (Internal_out is Class10)

If (TLDR is Class3) and (EM is Class3) and (STM is Class3) then (Internal_out is
Classl)

If (TLDR is Class3) and (NPLTL is Class1) and (STM is Class1) then (Internal_out

is Class5)

If (CAR is Class2) and (TLDR is Classl) and (EM is Classl) and (NPLTL is
Class3) and (STM is Class]) then (Internal_out is Classg)

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

If (CAR is CIassl) and (TLDR is Classl) and (EM is Class3) and (STM is CIass2)

then (Internal_out is Classl)

If (CAR is CIassZ) and (EM is Class3) and (NPLTL is Class2) and (STM is Class2)

then (Internal_out is Classg8)

If (EM is Class2) and (NPLTL is Class2) and (STM is Class2) then (Internal_out

is CIassZ)
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If (CAR is Classz) and (TLDR is Classl) and (NPLTL is Classl) and (STM is

Class]) then (Internal_out is Class])

If (TLDR is Class2) and (EM is Class1) and (STM is Class2) then (Internal_out is

Class])

If (CAR is Class2) and (EM is Classl) and (NPLTL is Class1) then (Internal_out

is Class5)

If (CAR is Class3) and (TLDR is CIassZ) and (EM is CIassZ) and (NPLTL is

Class3) then (Internal_out is Class3)

If (EM is Classl) and (NPLTL is Class2) then (Internal_out is Classl)

If (CAR is Class3) and (NPLTL is Class2) and (STM is Class2) then (Internal_out

is Class])

If (EM is Class2) and (STM is Class2) then (Internal_out is Class3)

If (CAR is Classl) and (TLDR is CIassZ) and (EM is Classl) and (NPLTL is

Class]) and (STM is Class3) then (Internal_out is Class])

If (CAR is Classl) and (TLDR is Class3) then (Internal_out is Class?2)

If (EM is Class2) and (NPLTL is Class1) and (STM is Class3) then (Internal_out
is Class10)

If (CAR is CIass2) and (TLDR is Classl) and (EM is Class2) and (STM is Class3)

then (Internal_out is Classg8)

If (CAR is Class2) and (EM is Class3) and (NPLTL is Class2) then (Internal_out
is Class10)

If (CAR is CIassZ) and (TLDR is Classl) and (EM is Class3) and (NPLTL is

Class2) and (STM is Class2) then (Internal_out is Classg)

If (TLDR is CIassZ) and (EM is Class3) and (NPLTL is Class3) and (STM is

Class3) then (Internal_out is Class3)

If (CAR is Classl) and (TLDR is CIassZ) and (EM is CIassZ) and (NPLTL is

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

Class]) and (STM is Class2) then (Internal_out is Class5)

If (CAR is Classl) and (TLDR is Classl) and (EM is Classl) and (NPLTL is

Class2) then (Internal_out is Class9)

If (CAR is Class3) and (EM is CIass3) and (NPLTL is Class2) and (STM is Classl)

then (Internal_out is Class3)

If (CAR is Class3) and (TLDR is Class3) and (EM is Class3) and (NPLTL is

Class2) and (STM is Class2) then (Internal_out is Class6)

If (CAR is Class2) and (TLDR is Class3) and (EM is CIassZ) and (NPLTL is

Class2) and (STM is Classl1) then (Internal_out is Class6)

If (CAR is CIassZ) and (EM is CIassZ) and (NPLTL is Classl) and (STM is Class3)

then (Internal_out is Class7)

If (TLDR is Classl) and (EM is Class3) and (NPLTL is CIassZ) and (STM is

Classl) then (Internal_out is Class4)

If (TLDR is Classl) and (STM is Class1) then (Internal_out is Class5)

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

If (TLDR is CIass3) and (EM is Class2) and (NPLTL is CIassl) and (STM is

Class1) then (Internal_out is Class2)

If (CAR is Class3) and (TLDR is CIassZ) and (EM is CIass2) and (NPLTL is

Class1) then (Internal_out is Classl)

If (TLDR is Class1) and (EM is Class2) and (NPLTL is Classl) then (Internal_out

is Classl)

If (CAR is Class2) and (TLDR is Class2) and (STM is Class3) then (Internal_out
is Class9)

If (CAR is Classl) and (TLDR is Classl) and (EM is Class3) and (NPLTL is

Class3) and (STM is Class2) then (Internal_out is Class])
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If (TLDR is Classl) and (EM is Class3) and (NPLTL is Classz) and (STM is

Class2) then (Internal_out is Class])

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

is Class5)

If (CAR is Class1) and (TLDR is Class1) and (NPLTL is Class2) then (Internal_out

is Class1)

If (CAR is Class2) and (TLDR is Classl) and (EM is CIassZ) and (NPLTL is

Class1) then (Internal_out is Class8)

If (CAR is Classl) and (TLDR is CIassZ) and (NPLTL is Classl) and (STM is

Class2) then (Internal_out is Class10)

If (CAR is Class2) and (STM is Class3) then (Internal_out is Class5)

If (CAR is CIassZ) and (EM is Class3) and (NPLTL is Class3) and (STM is CIassZ)

then (Internal_out is Class3)

If (CAR is Classl) and (TLDR is Class3) and (EM is Classl) and (NPLTL is

Class2) and (STM is Class1) then (Internal_out is Classg)

If (CAR is Class3) and (TLDR is Classl) and (EM is CIassl) and (NPLTL is
Classl) and (STM is Class2) then (Internal_out is Class4)

If (CAR is Class1) and (TLDR is Class3) and (EM is Class1) then (Internal_out is
Class9)

If (CAR is Class3) and (EM is CIass2) and (NPLTL is Class2) and (STM is CIass3)

then (Internal_out is Classl)

If (CAR is Class3) and (TLDR is Class2) and (NPLTL is CIassZ) and (STM is

Class2) then (Internal_out is Class3)

If (CAR is Classl) and (EM is Class2) and (NPLTL is CIassZ) and (STM is Class3)

then (Internal_out is Class6)

If (CAR is Class1) and (TLDR is Class3) and (STM is Class3) then (Internal_out

is Class3)
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If (CAR is CIass3) and (TLDR is CIassZ) and (EM is Class2) and (STM is Classl)

then (Internal_out is Class2)

If (CAR is Class2) and (EM is CIassl) and (NPLTL is Classl) and (STM is Class2)

then (Internal_out is Class3)

If (CAR is Class2) and (EM is CIassl) and (NPLTL is Class3) and (STM is Class3)

then (Internal_out is Class8)

If (CAR is CIassZ) and (EM is Classl) and (NPLTL is Classl) and (STM is Classl)

then (Internal_out is Class5)

If (CAR is Class2) and (TLDR is CIassZ) and (EM is Class3) and (NPLTL is

Class2) then (Internal_out is Class10)

If (TLDR is Class3) and (NPLTL is Class1) and (STM is Class3) then (Internal_out

is Class4)

If (CAR is Class3) and (EM is CIassZ) and (NPLTL is Classl) and (STM is Class3)

then (Internal_out is Classg)

If (CAR is CIassZ) and (EM is CIassZ) and (NPLTL is Classl) and (STM is Classl)

then (Internal_out is Class7)

If (EM is Class3) and (NPLTL is Classl) then (Internal_out is Class3)

If (CAR is Class]) and (TLDR is Class2) and (STM is Class2) then (Internal_out
is Class7)

If (CAR is Classl) and (TLDR is Class2) and (EM is Class2) and (NPLTL is
Class2) and (STM is Class2) then (Internal_out is Class6)

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

is Classl)

If (CAR is CIassZ) and (TLDR is Class3) and (EM is Class3) and (STM is Classl)

then (Internal_out is Classl)

If (CAR is Class2) and (TLDR is Class3) and (NPLTL is Class3) then (Internal_out

is Class6)
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If (CAR is Class1) and (NPLTL is Class2) and (STM is Class1) then (Internal_out

is Class4)

If (TLDR is Classz) and (EM is Class3) and (NPLTL is Class3) and (STM

Class2) then (Internal_out is Class3)

is

If (CAR is Classl) and (TLDR is Class3) and (EM is Classl) and (NPLTL i

Class]) and (STM is Class2) then (Internal_out is Classg)

If (CAR is Class2) and (TLDR is CIassZ) and (EM is CIassZ) and (NPLTL i

Class]) and (STM is Class3) then (Internal_out is Class4)

If (CAR is Class2) and (TLDR is CIassZ) and (EM is Classl) and (NPLTL i

Class2) and (STM is Class3) then (Internal_out is Class])

If (CAR is Classl) and (TLDR is CIassZ) and (EM is Classl) and (NPLTL i

Class3) and (STM is Class3) then (Internal_out is Class4)

If (CAR is Class2) and (TLDR is Classl) and (EM is CIassZ) and (NPLTL i

Class2) and (STM is Class3) then (Internal_out is Class])

If (TLDR is Classl) and (EM is Classl) and (NPLTL is CIassZ) and (STM i

Class3) then (Internal_out is Class7)

If (CAR is CIass3) and (TLDR is Class3) and (NPLTL is Class3) and (STM i

Class2) then (Internal_out is Class4)

If (CAR is CIassZ) and (TLDR is Class3) and (EM is CIass2) and (NPLTL i

Class1) and (STM is Class3) then (Internal_out is Class?7)

If (CAR is Class3) and (TLDR is Classl) and (EM is CIass2) and (NPLTL i

Class1) and (STM is Class1) then (Internal_out is Class9)

If (CAR is CIassZ) and (TLDR is Class2) and (EM is Class3) and (NPLTL i

Class3) and (STM is Class3) then (Internal_out is Class2)

If (CAR is Class2) and (TLDR is Class2) then (Internal_out is Class5)

If (CAR is Classl) and (TLDR is Class3) and (EM is CIassZ) and (NPLTL i

Class3) and (STM is Class1) then (Internal_out is Class])
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If (CAR is CIassZ) and (TLDR is Class3) and (EM is Class3) and (NPLTL is

Class2) and (STM is Class2) then (Internal_out is Class10)

If (CAR is CIassl) and (TLDR is Class3) and (EM is Class3) and (STM is Classl)

then (Internal_out is Class10)

If (CAR is CIassZ) and (TLDR is CIassZ) and (EM is Class3) and (NPLTL is

Class2) and (STM is Class1) then (Internal_out is Class])

If (CAR is Class3) and (TLDR is CIassZ) and (EM is Classl) and (NPLTL is

Class2) and (STM is Class2) then (Internal_out is Class])

If (CAR is Class1) and (TLDR is Class1) and (STM is Class2) then (Internal_out

is Class9)

If (CAR is Class3) and (TLDR is Class3) and (EM is CIassZ) and (STM is Classl)

then (Internal_out is Classg)

If (TLDR is CIassZ) and (EM is Classl) and (NPLTL is Class3) and (STM is

Classl) then (Internal_out is Class])

If (CAR is Classl) and (TLDR is CIassZ) and (EM is CIassZ) and (NPLTL is

Class]) and (STM is Class3) then (Internal_out is Class9)

If (CAR is Class3) and (TLDR is CIassZ) and (EM is CIass3) and (NPLTL is
Class2) and (STM is Classl) then (Internal_out is Class?2)

If (TLDR is Classl) and (EM is Classl) and (NPLTL is Class2) and (STM is

Classl1) then (Internal_out is Class3)

If (CAR is Class1) and (EM is Class1) and (NPLTL is Class1) and (STM is Class1)

then (Internal_out is Class6)

If (CAR is CIassZ) and (TLDR is Classl) and (EM is Class]1) and (NPLTL is

Class]) then (Internal_out is Classg)

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

is Classl)
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If (CAR is Classl) and (TLDR is Class3) and (NPLTL is CIassZ) and (STM is

Class3) then (Internal_out is Class10)

If (CAR is Class2) and (EM is CIass2) and (NPLTL is Class2) and (STM is Classl)

then (Internal_out is Classl)

If (TLDR is Class1) and (NPLTL is Class1) and (STM is Class2) then (Internal_out

is Class7)

If (CAR is Classl) and (TLDR is CIassZ) and (EM is CIassZ) and (NPLTL is

Class3) and (STM is Classl) then (Internal_out is Class?2)

If (CAR is Classl) and (TLDR is Class3) and (EM is Class3) and (NPLTL is

Class2) and (STM is Class2) then (Internal_out is Class6)

If (CAR is Class1) and (TLDR is Class3) and (STM is Class1) then (Internal_out

is Class])

If (CAR is Classl) and (EM is Classl) and (NPLTL is CIassZ) and (STM is CIassZ)

then (Internal_out is Classl)

If (CAR is Class3) and (TLDR is Class3) and (EM is Classl) and (NPLTL is

Class]) and (STM is Class2) then (Internal_out is Class3)

If (CAR is Classl) and (TLDR is Classl) and (EM is Class3) and (NPLTL is
Class2) and (STM is Class2) then (Internal_out is Class4)

If (CAR is Class3) and (TLDR is Class]) and (EM is Class2) and (NPLTL is
Class3) and (STM is Class3) then (Internal_out is Class4)

If (CAR is CIass3) and (TLDR is Class3) and (EM is Class2) and (STM is CIass2)

then (Internal_out is Classg8)

If (CAR is CIassZ) and (TLDR is Classl) and (EM is Class]1) and (NPLTL is

Class2) and (STM is Class3) then (Internal_out is Class4)

If (CAR is Class3) and (TLDR is Class2) and (NPLTL is Classl) and (STM is

Class3) then (Internal_out is Class])
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If (TLDR is Class3) and (EM is Class3) and (STM is Class1) then (Internal_out is

Class5)

If (CAR is CIassZ) and (TLDR is Class3) and (EM is Classl) and (NPLTL is

Class]) then (Internal_out is Class7)

If (CAR is Classl) and (TLDR is Classl) and (EM is Class3) and (NPLTL is

Class3) and (STM is Class3) then (Internal_out is Class?7)

If (CAR is Class3) and (EM is Classl) and (NPLTL is Classl) and (STM is CIassZ)

then (Internal_out is Classl)

If (CAR is Classl) and (TLDR is Class3) and (EM is Class3) and (NPLTL is

Class1) and (STM is Class2) then (Internal_out is Classg)

If (CAR is Class3) and (EM is Class3) and (NPLTL is Classl) and (STM is Classl)

then (Internal_out is Class9)

If (CAR is Class]1) and (TLDR is Class1) and (NPLTL is Class3) then (Internal_out

is Class5)

If (CAR is Class3) and (TLDR is Class3) and (EM is CIassZ) and (NPLTL is

Class3) then (Internal_out is Class10)

If (CAR is Class]) and (NPLTL is Class1) and (STM is Class2) then (Internal_out
is Class9)

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

If (CAR is Class1) and (TLDR is Class3) and (NPLTL is Class1) then (Internal_out
is Class3)

If (CAR is Classl) and (TLDR is Class3) and (EM is Class2) and (STM is Class2)

then (Internal_out is Classl)

If (EM is Class3) and (STM is Class2) then (Internal_out is Class3)

If (CAR is Class3) and (TLDR is CIassZ) and (EM is CIassZ) and (NPLTL is

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

Class]) then (Internal_out is Class3)

If (CAR is Class2) and (EM is CIassl) and (NPLTL is Class2) and (STM is Class3)

then (Internal_out is Class8)

If (CAR is Class2) and (TLDR is Class2) and (STM is Class2) then (Internal_out
is Class10)

If (CAR is Class3) and (EM is Class3) and (NPLTL is Class1) then (Internal_out

is Class])

If (CAR is Classl) and (TLDR is CIassZ) and (EM is Class3) and (NPLTL is

Class2) and (STM is Class2) then (Internal_out is Class10)

If (CAR is Class3) and (TLDR is Classl) and (EM is CIassZ) and (NPLTL is

Class3) then (Internal_out is Class2)

If (CAR is Class2) and (TLDR is CIassZ) and (EM is CIassZ) and (NPLTL is

Class3) and (STM is Class3) then (Internal_out is Class5)

If (TLDR is Class3) and (EM is Classl) and (NPLTL is Class3) and (STM is

Class1) then (Internal_out is Class10)

If (CAR is Classl) and (TLDR is Classl) and (NPLTL is Class2) and (STM is

Class3) then (Internal_out is Class4)

If (CAR is Classl) and (TLDR is Classl) and (EM is Class2) and (NPLTL is

Class3) then (Internal_out is Class4)

If (CAR is Classl) and (EM is Class1) and (NPLTL is Class1) and (STM is Class3)

then (Internal_out is Class6)

If (EM is Class2) and (NPLTL is Class1) and (STM is Classl1) then (Internal_out
is Class10)

If (CAR is Classl) and (EM is Class2) and (NPLTL is Classl) and (STM is Class3)

then (Internal_out is Class3)
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If (CAR is Class3) and (TLDR is Class3) and (EM is Classl) and (NPLTL is

Class2) and (STM is Class1) then (Internal_out is Class?7)

If (CAR is Classl) and (EM is Classl) and (NPLTL is Class2) then (Internal_out

is Class1)

If (TLDR is Classz) and (EM is Class3) and (NPLTL is Classl) and (STM is

Class]) then (Internal_out is Class9)

If (TLDR is Class2) and (NPLTL is Class2) and (STM is Class3) then (Internal_out

is Class2)

If (CAR is CIassZ) and (TLDR is Class3) and (NPLTL is Class2) and (STM is

Class1) then (Internal_out is Class3)

If (CAR is Class2) and (TLDR is Class3) and (EM is Class3) and (NPLTL is

Class]) and (STM is Class3) then (Internal_out is Class4)

If (CAR is Class2) and (STM is Classl) then (Internal_out is Class7)

If (FX'is Class2) and (Internal_input is Class3) then (C_out is Class4)

(
) )

If (FX is Class1) and (Internal_input is Class1) then (C_out is Class7)
) )

If (FX is Class3) and (Internal_input is Class1) then (C_out is Class10)

If (FX is Class3) then (C_out is Class5)

If (Internal_input is Class2) then (C_out is Class1)

If (FX is Class2) then (C_out is Class3)

If (FX is Class1) then (C_out is Class6)

If (FX'is Class2) and (Internal_input is Class1) then (C_out is Class10)

If (Internal_input is Class1) then (C_out is Class10)

If (FX'is Class2) and (Internal_input is Class2) then (C_out is Class])

If (FX'is Class1) and (Internal_input is Class2) then (C_out is Class])

(
(
(
(
(
(
( )
If (FX is Class1) and (Internal_input is Class3) then (C_out is Class4)
( )
(
(
(
(
(

If (Internal_input is Class3) then (C_out is Class])
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If (FX'is Class3) and (Internal_input is Class3) then (C_out is Class])

If (FX is Class3) and (Internal_input is Class2) then (C_out is Class9)

Bleall ey oLV Jlsa cales 1(27) Galdl

Galall dlae) e 1l

Model FIS | Input MF MF_Type | MF_Params
(GA-Learned, PSO-Tuned) 1 CAR Classl | gaussmf 0.01,0.00
(GA-Learned, PSO-Tuned) 1 CAR Class2 | gaussmf 0.32,0.14
(GA-Learned, PSO-Tuned) 1 CAR Class3 | gaussmf 0.39,1.00
(GA-Learned, PSO-Tuned) 1 TLDR Classl | gaussmf 0.16,0.00
(GA-Learned, PSO-Tuned) 1 TLDR Class2 | gaussmf 0.66,0.23
(GA-Learned, PSO-Tuned) 1 TLDR Class3 | gaussmf 0.36,0.97
(GA-Learned, PSO-Tuned) 1 EM Classl | gaussmf 0.04,0.00
(GA-Learned, PSO-Tuned) 1 EM Class2 | gaussmf 0.41,0.02
(GA-Learned, PSO-Tuned) 1 EM Class3 | gaussmf 0.43,1.00
(GA-Learned, PSO-Tuned) 1 NPLTL Class] | gaussmf 0.07,0.00
(GA—Learned, PSO—Tuned) 1 NPLTL Class2 | gaussmf 0.71,0.32
(GA—Learned, PSO—Tuned) 1 NPLTL Class3 | gaussmf 0.32,1.00
(GA—Learned, PSO—Tuned) 1 STM Classl | gaussmf 0.06,0.08
(GA—Learned, PSO—Tuned) 1 STM Class2 | gaussmf 0.60,0.07
(GA-Learned, PSO-Tuned) 1 STM Class3 | gaussmf 0.59,1.00
(GA-Learned, PSO-Tuned) 2 FX Classl | gaussmf 0.23,0.00
(GA-Learned, PSO-Tuned) 2 FX Class?2 | gaussmf 0.30,0.38
(GA-Learned, PSO-Tuned) 2 FX Class3 | gaussmf 0.01,1.00
(GA-Learned, PSO-Tuned) 2 Internal_input | Class1 | gaussmf 0.11,0.00
(GA-Learned, PSO-Tuned) 2 Internal_input | Class2 | gaussmf 0.16,0.24
(GA-Learned, PSO-Tuned) 2 Internal_input | Class3 | gaussmf 0.16,1.00
(GA-Learned, GA-Tuned) 1 CAR Classl | gaussmf 0.04,0.00
(GA-Learned, GA-Tuned) 1 CAR Class? | gaussmf 0.50,0.08
(GA-Learned, GA-Tuned) 1 CAR Class3 | gaussmf 0.46,1.00
(GA-Learned, GA-Tuned) 1 TLDR Classl | gaussmf 0.13,0.00
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(GA-Learned, GA-Tuned) 1 TLDR Class2 | gaussmf 0.50,0.26
(GA-Learned, GA-Tuned) 1 TLDR Class3 | gaussmf 0.37,1.00
(GA-Learned, GA-Tuned) 1 EM Class] | gaussmf 0.05,0.00
(GA-Learned, GA-Tuned) 1 EM Class2 | gaussmf 0.50,0.10
(GA-Learned, GA-Tuned) 1 EM Class3 | gaussmf 0.45,1.00
(GA-Learned, GA-Tuned) 1 NPLTL Class] | gaussmf 0.17,1.00
(GA—Learned, GA—Tuned) 1 NPLTL Class2 | gaussmf 0.50,0.34
(GA-Learned, GA-Tuned) 1 NPLTL Class3 | gaussmf 0.33,1.00
(GA-Learned, GA-Tuned) 1 STM Class] | gaussmf 0.03,0.00
(GA-Learned, GA-Tuned) 1 STM Class2 | gaussmf 0.50,0.06
(GA-Learned, GA-Tuned) 1 STM Class3 | gaussmf 0.47,1.00
(GA-Learned, GA-Tuned) 2 FX Classl | gaussmf |0.17,0.06
(GA-Learned, GA-Tuned) 2 FX Class2 | gaussmf 0.50,0.33
(GA-Learned, GA-Tuned) 2 FX Class3 | gaussmf 0.33,1.00
(GA-Learned, GA-Tuned) 2 Internal_input | Classl | gaussmf 0.25,0.00
(GA-Learned, GA-Tuned) 2 Internal_input | Class2 | gaussmf 0.25,0.50
(GA-Learned, GA-Tuned) 2 Internal_input | Class3 | gaussmf 0.25,1.00
(PSO-Learned, PSO-Tuned) | 1 CAR Class] | gaussmf 0.00,0.00
(PSO-Learned, PSO-Tuned) | 1 CAR Class? | gaussmf 0.30,0.03
(PSO-Learned, PSO-Tuned) | 1 CAR Class3 | gaussmf 0.42,1.00
(PSO-Learned, PSO-Tuned) | 1 TLDR Class| | gaussmf 0.28,0.01
(PSO-Learned, PSO-Tuned) | 1 TLDR Class?2 | gaussmf 0.44,0.24
(PSO—Learned, PSO—Tuned) 1 TLDR Class3 | gaussmf 0.34,1.00
(PSO—Learned, PSO—Tuned) 1 EM Classl | gaussmf 0.03,0.00
(PSO—Learned, PSO—Tuned) 1 EM Class2 | gaussmf 0.61,0.08
(PSO—Learned, PSO—Tuned) 1 EM Class3 | gaussmf 0.44,1.00
(PSO—Learned, PSO—Tuned) 1 NPLTL Classl | gaussmf 0.11,0.00
(PSO-Learned, PSO-Tuned) | 1 NPLTL Class2 | gaussmf 0.15,0.21
(PSO-Learned, PSO-Tuned) | 1 NPLTL Class3 | gaussmf 0.05,1.00
(PSO-Learned, PSO-Tuned) | 1 STM Classl | gaussmf 0.02,0.00
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(PSO-Learned, PSO-Tuned) | 1 STM Class2 | gaussmf 0.50,0.06
(PSO-Learned, PSO-Tuned) | 1 STM Class3 | gaussmf 0.43,0.95
(PSO-Learned, PSO-Tuned) | 2 FX Class] | gaussmf 0.17,0.00
(PSO-Learned, PSO-Tuned) | 2 FX Class2 | gaussmf 0.12,0.20
(PSO-Learned, PSO-Tuned) | 2 FX Class3 | gaussmf 0.32,1.00
(PSO-Learned, PSO-Tuned) | 2 Internal_input | Classl | gaussmf 0.22,0.00
(PSO-Learned, PSO-Tuned) | 2 Internal_input | Class2 | gaussmf 0.08,0.43
(PSO-Learned, PSO-Tuned) |2 Internal_input | Class3 | gaussmf 0.20,0.92
(PSO-Learned, GA-Tuned) 1 CAR Class] | gaussmf 0.04,0.00
(PSO-Learned, GA-Tuned) 1 CAR Class2 | gaussmf 0.50,0.08
(PSO-Learned, GA-Tuned) 1 CAR Class3 | gaussmf | (0.46,1.00
(PSO-Learned, GA-Tuned) 1 TLDR Class] | gaussmf 0.13,0.00
(PSO-Learned, GA-Tuned) 1 TLDR Class2 | gaussmf | (0.50,0.26
(PSO-Learned, GA-Tuned) 1 TLDR Class3 | gaussmf 0.37,1.00
(PSO-Learned, GA-Tuned) 1 EM Class] | gaussmf 0.05,0.00
(PSO-Learned, GA-Tuned) 1 EM Class2 | gaussmf 0.50,0.10
(PSO-Learned, GA-Tuned) 1 EM Class3 | gaussmf 0.45,1.00
(PSO-Learned, GA-Tuned) 1 NPLTL Classl | gaussmf 0.17,0.00
(PSO-Learned, GA-Tuned) 1 NPLTL Class? | gaussmf 0.50,0.34
(PSO-Learned, GA-Tuned) 1 NPLTL Class3 | gaussmf 0.33,1.00
(PSO-Learned, GA-Tuned) 1 STM Classl | gaussmf 0.03,0.25
(PSO-Learned, GA-Tuned) 1 STM Class2 | gaussmf 0.50,0.06
(PSO—Learned, GA—Tuned) 1 STM Class3 | gaussmf 0.47,1.00
(PSO—Learned, GA—Tuned) 2 FX Class| | gaussmf 0.17,0.00
(PSO-Learned, GA-Tuned) 2 FX Class2 | gaussmf 0.50,0.33
(PSO-Learned, GA-Tuned) 2 FX Class3 | gaussmf 0.33,1.00
(PSO-Learned, GA-Tuned) 2 Internal_input | Class] | gaussmf 0.25,0.00
(PSO-Learned, GA-Tuned) 2 Internal_input | Class2 | gaussmf 0.25,0.50
(PSO-Learned, GA-Tuned) 2 Internal_input | Class3 | gaussmf 0.25,1.00
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    v  i , d  n e w =   v  i , d  o l d +  Γ 1 ⋅   r 1 ⋅ (   x  i , d  l o c a l   b e s t −   x  i , d  o l d ) +  Γ 2 ⋅   r 2 ⋅ (   x  d  g l o b a l   b e s t −   x  i , d  o l d )


    x  i , d  n e w =   x  i , d  o l d +   v  i , d  n e w


    x  i , d  l o c a l   b e s t


    x  d  g l o b a l   b e s t


   Γ 1


   Γ 2


    r 1 ,   r 1


    x  i d


  p =   p  l o +   x  i d (   p  h i −   p  l o )


  p


    x  i d


    p  l o


    p  h i


    Z _ s c o r e  i , t =       R O A  i , t +       E q u i t y  i , t    A s s e t s  i , t    𝜎 R O A  i , t


      Z _ s c o r e  i , t  


    R O A  i , t


    𝜎 R O A  i , t


      E q u i t y  i , t    A s s e t s  i , t


  N


    N  − 1


  S


  𝜌


    R 2


    P  i j =     N  i j    ∑  j = 1 7    N  i j


    P  i j


  i


  j


    N  i j


  i


  j


    ∑  j = 1 7    N  i j


  i


  ln ⁡  (   P D  1 − P D ) =   𝛽 0 +   𝛽 1 ( Rating )


  P   D  s m o o t h e d =  1  1 +   e  − (   𝛽 0 +   𝛽 1 x )


  ln ⁡  (   P D  1 − P D ) =   − 8 . 173197 + 1 . 187327 × ( Rating )


    𝛽 0 = − 8 . 173197


    𝛽 1 = 1 . 187327


    e  1 . 1873 = 3 . 27


  C P D  ( t ) = 1 −    ( 1 − P D )  t


   ( 1 − P D )


     ( 1 − P D )  t


  t


    P D  i ,   n =     M  S m o o t h e d  n   ( i ,   G 7 )


    P  i ,   n


  i


  n


      M  S m o o t h e d  n


    M  Smoothed


  n


  ( i ,   G 7 )


  i


  G 7


  i


  G 7


  n


  𝜌


  𝜌 = 0 . 12 *  (   1 −     e  − 50 . P D  1 −     e  − 50 ) + 0 . 24 *  [ 1 − (   1 −     e  − 50 . P D  1 −     e  − 50 ) ]


  P i T   P D = N (     N  − 1  ( T T C   P D ) ∗     1 − 𝜌 2   )


  F o r w a r d − P i T   P D = N  (     N  − 1  ( P i T   P D ) −   𝜌 2 ∗ S    1 − 𝜌 2 )

